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Handling Editor: Adrian Covaci Biochemicals (e.g. substances that originate from nature) are often of lower risk to humans and the environment.
Nonetheless, when intended for use as active substances in the European Union (EU), they are subject to the
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approach to identify relevant endpoints and studies, the scientific rationale to justify the waiving of studies that
would not contribute to the safety assessment and general advice to prepare a ‘fit-for-purpose’ dossier for
approval of the biochemical active substance. If the background exposure to the naturally occurring counterpart
of the biochemical active substance is not substantially increased through its agricultural use, there is no relevant
exposure and further risk assessments are not needed. Prior to the generation of new data, all available infor-
mation is retrieved and evaluated to address areas of concern and resulting uncertainties. Preferably, data needs
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is generated to determine triggers of concern that require follow up in vertebrate animal intensive studies, which
are, thus, only conducted as a last resort. To facilitate its regulatory applicability, the BiochemPPP-STAS has been
closely aligned with EU legislation. Nonetheless, it has been designed generically and can be adapted to fulfil the
legal requirements implemented in other jurisdictions.

1. Introduction

Biochemicals have been gaining increasing importance as active
substances in plant protection products (PPPs) (Daraban et al., 2023;
Marrone, 2023). Biochemicals are substances that originate from nature
or that are synthetically produced but structurally similar and func-
tionally identical to their naturally occurring counterparts (see Appen-
dix A for Glossary). Biochemical active substances include, but are not
limited to, extracts from plants and animal tissues, double-stranded RNA
(dsRNA), protein-based biochemicals (e.g. peptides, enzymes and anti-
bodies), hormones, semiochemicals (i.e. “substances or mixtures of sub-
stances emitted by plants, animals, and other organisms that evoke a
behavioural or physiological response in individuals of the same or other
species”; FEuropean Commission, 2024a), dead cell preparations,
fermentation material and microbial extracts as well as purified me-
tabolites from microorganisms (Chandler et al., 2011; Dietz-Pfeilstetter
etal., 2021; Kumar et al., 2021; De Schutter et al., 2022; Busschers et al.,
2023; Daraban et al., 2023).

Biochemicals generally degrade quickly in the natural environment
and are often of lower risk to humans and the environment than syn-
thetic active substances (Kumar et al., 2021; Acheuk et al., 2022; Zhao
et al., 2022). In the context of sustainable agriculture, they are becoming
an increasingly important element of the farmer’s toolbox for integrated
pest management practices in line with the European Union (EU)
Directive 2009/128/EC establishing a framework for Community action to
achieve the sustainable use of pesticides (EP [European Parliament] and
Council, 2009a). The use of biochemical PPPs needs to be integrated
with other pest management strategies including the use of conventional
PPPs.

However, concerns have been expressed that the approval of
biochemical active substances/PPPs is lengthier in the EU than in other
jurisdictions and that this impairs their availability to support a sus-
tainable agriculture (Chandler et al., 2011; Villaverde et al., 2014;
OECD, 2017a; Sundh and Eilenberg, 2021; Dietz-Pfeilstetter et al.,
2021). These concerns have been further substantiated by the findings
from a survey on biochemicals commissioned by CropLife Europe, which
included 61 respondents from industry (Steptoe LLP, 2024). While a
substantial increase in the number of submissions for biochemical active
substances was projected for the coming years in the EU, a large majority
(67 %) of the industry respondents have so far opted against pursuing
registration for certain technologies. The main challenges identified
included unclear or excessive data requirements (57 %), long timelines
for approval (51 %), unpredictability of outcomes (36 %) and the
circumstance that EU safety assessment legislation is hazard-based, i.e.
does not sufficiently consider exposure (31 %) (Steptoe LLP, 2024).

In the USA, specific data requirements have been implemented for
biopesticides (CFR [Code of Federal Regulations], 2007; Leahy et al.,
2014), and this has facilitated their approval in this country. By com-
parison, in the EU, active substances that shall be used in PPPs generally
require approval under Regulation (EC) No 1107/2009 concerning the
placing of plant protection products on the market (EP and Council, 2009b).
As such, they also must fulfil the data requirements laid down in Part A
of the Annexes to Commission Regulations (EU) No 283/2013 and (EU)
No 284/2013 for active substances and PPPs, respectively (European
Commission, 2013a, 2013b). Apart from living microorganisms for
which specific data requirements apply (Part B of the Annexes), all
active substances and PPPs that shall be approved are subject to the
same data requirements. However, these data requirements, that were
originally designed for synthetic active substances and conventional

PPPs, may not be appropriate for the given type of biochemical active
substance/PPP.

To date, the European Commission has issued the Guidance document
SANCO/11470/2012 on specific data requirements for botanical active
substances in PPPs (European Commission, 2014) as well as the Guidance
document SANTE/12815/2014 on semiochemical active substances and
PPPs (European Commission, 2024a). Therein, it is highlighted that, due
to the specific properties of these types of biochemicals, a different
approach than the one laid down for conventional, synthetic active
substances and PPPs (in Regulations 283/2013 and 284,/2013) may be
appropriate to demonstrate their safety. For example, semiochemicals
“are often target specific and act by modifying behaviour, may be used at
concentrations close to those present in nature, and may dissipate and/or
degrade rapidly. For these reasons it is expected that many semiochemical
products can pose low risk to human health and the environment” (European
Commission, 2024a).

While the same may stand true for other types of biochemicals as
well, dedicated regulatory data requirements and risk assessment ap-
proaches that are applicable to biochemicals in general are currently
unavailable. This may result in the need to generate data, also from
vertebrate animal studies, that are not relevant or needed for the hazard
and risk assessment of the given type of biochemical. This not only runs
the risk of wasting time and resources but also stands in contradiction to
the legal mandate to replace, reduce and refine vertebrate animal testing
(Article 62 of the PPP Regulation [EP and Council, 2009b], Directive
2010/63/EU on the protection of animals used for scientific purposes [EP
and Council, 2010]).

To support the focussed regulatory assessment of natural substances,
Busschers et al. (2023), on behalf of the International Biocontrol Man-
ufacturers Association (IBMA), developed a scientific risk-based deci-
sion tree that includes specific branches for substance identification,
characterisation/analysis, and human health, ecological and residue
assessment. This tiered decision tree is helpful to streamline the safety
assessment of natural substances. However, to facilitate the regulatory
applicability of a focussed safety assessment of biochemical active
substances and biochemical PPPs within the EU, a detailed scheme is
needed on how to select relevant safety studies, based on the properties
of the given type of biochemical, and how to conduct the overall
assessment in line with the PPP Regulation (EP and Council, 2009b) and
the data requirements set out in Regulations 283/2013 and 284/2013
(European Commission, 2013a, 2013b).

This review article presents the CropLife Europe Scheme for Safety
Testing and Assessment of Biochemicals under the PPP Regulation
(BiochemPPP-STAS). The BiochemPPP-STAS provides a flexible and
transparent case-by-case approach to identify the toxicological, envi-
ronmental fate and ecotoxicological endpoints and studies set out in Part
A of the Annexes to Regulations 283/2013 and 284/2013 (European
Commission, 2013a, 2013b) that are relevant for the safety assessment.
It provides the scientific rationale to justify the waiving of studies that
would not contribute to the safety assessment. In addition, the
BiochemPPP-STAS describes, more broadly, how an applicant may
prepare a ‘fit-for-purpose’ dossier (Wolf et al., 2022) for the approval, or
renewal of approval, of a biochemical active substance and/or
biochemical PPP under the PPP Regulation (Box 1). These elements of
the BiochemPPP-STAS are aligned with relevant sections from the Eu-
ropean Commission guidance documents and on botanical active sub-
stances and semiochemicals, respectively (European Commission, 2014,
2024a), if applicable to other types of biochemicals as well. This
alignment with available EU guidance and EU legislation is intended to
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Box 1
Overview of the EU approval procedure for active substances and PPPs.

In accordance with Articles 7 and 8 of the PPP Regulation (EP and Council, 2009b), applications for approval of an active substance need to
include a dossier “demonstrating that the active substance fulfils the approval criteria provided for in Article 4 of this Regulation”. Generally, the dossier
should include the information listed in Sections 1-10 of Part A of the Annex to Regulation 283/2013 setting out data requirements for active
substances (European Commission, 2013a), i.e. (1) active substance identity; (2) physical and chemical properties; (3) further information, e.g.
documented use, function and mode-of-action (MoA); (4) analytical methods for the analysis of the active substance as manufactured, for risk
assessment and for post-approval control and monitoring; (5) toxicological and metabolism studies; (6) residues in or on treated products, food
and feed; (7) fate and behaviour in the environment; (8) ecotoxicological studies; (9) literature data; and (10) classification and labelling (C&L;
in accordance with Regulation (EC) No 1272/2008 on classification, labelling and packaging [CLP] of substances and mixtures; EP and Council,
2008). Whenever triggered, and to prevent harmful effects on humans and animals, maximum residue levels are set in accordance with Article 4
(7) of the PPP Regulation and Regulation (EC) No 396/2005 on maximum residue levels of pesticides in or on food and feed of plant and animal origin
(EP and Council, 2005); see Section 2.3 for a summary on data requirements related to residues.

For PPPs, similar data requirements have been laid down in Part A of the Annex to Regulation 284,/2013 (European Commission, 2013b). These
requirements for PPPs also include the need to generate data on application of the PPP and efficacy data.

Article 7 of the PPP Regulation also states that specific parts of the dossier may not need to be submitted if a “scientifically reasoned justification”
for their omission is provided. The conditions for data waiving are laid down in Point 1.5 of the Introductions to the Annexes to Regulations 283/
2013 and 284/2013: “The information shall include a full and unbiased report of the studies conducted as well as a full description of them. Such
information shall not be required, where one of the following conditions is fulfilled: (a) it is not necessary owing to the nature of the product or its proposed
uses, or it is not scientifically necessary, (b) it is technically not possible to supply. In such a case a justification shall be provided” (European Commission,

2013a, 2013b).

enhance regulatory applicability of the BiochemPPP-STAS. As such, also
the protection goals laid down in Commission Regulation (EU) No 546/
2011 as regards uniform principles for the evaluation and authorisation of
PPPs (European Commission, 2011) are respected.

The BiochemPPP-STAS considers those types of biochemical active
substances and/or aspects of their hazard assessment for which specific
guidance is currently unavailable in the EU. As such, it includes nature-
identical or nature-derived but functionally identical synthetic mole-
cules based on plant extracts, dsSRNA, protein-based biochemicals, hor-
mones, dead cells, fermentation material and microbial extracts as well
as purified metabolites from microorganisms. For natural plant extracts
and semiochemicals, dedicated guidance is available in the corre-
sponding guidance documents (European Commission, 2014, 2024a).
The BiochemPPP-STAS is, in principle, also applicable to these types of
biochemicals, in particular where the formal guidance documents do not
include explicit provisions. It is important to note that the guidance
document on botanical active substances only includes plant extracts
whereas nature-identical or nature-derived but functionally identical
synthetic molecules based on plant extracts are excluded from its scope
(European Commission, 2014). Therefore, these types of biochemicals
are included in the scope of the BiochemPPP-STAS.

2. The CropLife Europe Scheme for Safety Testing and
Assessment of Biochemicals under the EU PPP Regulation
(BiochemPPP-STAS)

This section presents the details of the CropLife Europe Scheme for
Safety Testing and Assessment of Biochemicals under the EU PPP
Regulation (BiochemPPP-STAS). In addition, Appendix B provides
further details on key elements of the approval procedure, as imple-
mented in the EU for active substances and PPPs, and proposals for
opportunities to adapt these to the specific information needs for
different types of biochemical active substances and biochemical PPPs.
The information provided in Appendix B includes contents from the
European Commission guidance documents for botanical active sub-
stances used in PPPs and semiochemical active substances and PPPs,
respectively (European Commission, 2014, 2024a), if applicable to other
types of biochemicals as well. While this information is considered
relevant to enhance the applicability of the BiochemPPP-STAS, it widely
consists of verbatim quotes from these two European Commission

guidance documents. Therefore, it is offered as an appendix while
referring to its respective subsections where appropriate in the main
body of this article.

The BiochemPPP-STAS builds upon the data requirements laid down
in Regulations 283/2013 and 284,/2013 (European Commission, 2013a,
2013b). It presents the scientific rationale for how the comprehensive
data packages for mammalian toxicity (Section 2.1), environmental fate
and ecotoxicity (Section 2.2), residue assessments (Section 2.3) and ef-
ficacy testing (Section 2.4) may be tailored to the needs of the given type
of biochemical active substance/PPP to ensure that the exposure, hazard
and risk assessments are fit-for-purpose.

This includes the identification of data waivers and the justification
that the respective information “is not necessary owing to the nature of the
plant protection product or its proposed uses, or it is not scientifically
necessary” in line with Point 1.5 of the Introductions to the Annexes of
Regulations 283/2013 and 284/2013 (European Commission, 2013a,
2013b). To ensure applicability of the selected data requirements and
regulatory approach, it is recommended that applicants request a pre-
submission consultation with the responsible rapporteur member state
prior to dossier preparation. However, this does not preclude that
additional information can be requested to complement the dossier at
later stages of the peer review, to address specific questions (European
Commission, 2014; see Appendix B, Section B.1, for details on pre-
submission consultation and dossier preparation).

In addition to scientific considerations to support the selection of
relevant data, the BiochemPPP-STAS describes how the collected hazard
data may be evaluated for the risk assessment of biochemicals under the
PPP Regulation. In line with the internationally agreed risk assessment
paradigm (WHO/IPCS, 2004, 2010; Box 2), the BiochemPPP-STAS be-
gins with problem formulation as the starting point for the selection of
those experimental data that are deemed necessary for the hazard and
risk assessment.

Generally, the problem formulation should include these steps:

“(1) Formally devising plausible pathways to harm that describe how the
deployment of a regulated stressor could be harmful; (2) formulating risk
hypotheses about the likelihood and severity of such events; (3) identifying
the information that will be useful to test the risk hypotheses; and (4)
developing a plan to acquire new data for hypothesis testing should tests with
existing information be insufficient for decision-making” (Devos et al.,
2019).
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Box 2
The internationally agreed risk assessment paradigm.

The risk assessment process, which should be preceded by problem formulation and substance identification, includes four steps, i.e. (1) hazard
identification and (2) hazard characterisation or dose-response assessment (Step 1 and Step 2 together: hazard assessment), (3) exposure
assessment, which consists of exposure identification and exposure characterisation, and (4) risk characterisation (WHO/IPCS, 2004, 2010). The
Step 1 hazard identification is also used, on its own, to assign substances to hazard categories, e.g. in the EU, in accordance with Regulation (EC)
No 1272/2008 on CLP of substances and mixtures (EP and Council, 2008).

Importantly, the Step 1 and Step 2 hazard assessment and the Step 3 exposure assessment are interdependent. An initial exposure assessment,
which may also form part of the problem formulation, will drive a meaningful hazard assessment, whereas the outcome of the hazard assessment
may indicate the need to refine the initial exposure assessment (Cronin et al., 2023).

During risk characterisation, a reference point (or point of departure) that is derived from the hazard assessment (e.g. the no-observed adverse
effect level [NOAEL] or benchmark dose) is used to establish a health-based guidance value and/or the margin of exposure. In accordance with
Points 3.1 and 3.6 of Annex II to the PPP Regulation (EP and Council, 2009b), health-based guidance values include the acceptable daily intake
(ADI) level for pesticide residues, the (acute) acceptable operator exposure level ((A)AOEL) and the acute reference dose (ARfD); see also
guidance from the European Food Safety Authority Scientific Committee (EFSA SC, 2022).

The guidance by Devos et al. (2019) on Using problem formulation for
fit-for-purpose pre-market environmental risk assessments of regulated
stressors builds upon presentations and discussions held during a Euro-
pean Food Safety Authority (EFSA) Scientific Conference. While this
guidance is specifically dedicated to environmental risk assessment, its
general outline is equally applicable to human health risk assessment.
Details on problem formulation specifically for biochemical active
substances/PPPs were discussed at a recent Organisation for Economic
Co-operation and Development (OECD) Seminar on problem formulation
for the risk assessment of biopesticides (for seminar presentations, see
OECD, 2024a; for summary of seminar, see pages 18-19 in OECD,
2024b). A problem formulation approach based on relevant pathways of
harm has also been proposed for microbial biopesticides to provide a fit-
for-purpose risk assessment tailored to ecology, mode-of-action (MoA)
and behaviour of the microorganisms (Steenbergh et al., 2025). This
flexible approach allows the assessment to be targeted to the critical
pathways of harm, while efficiently eliminating pathways that will not
occur.

Problem formulation should consider the uses and conditions of use
to the given type of biochemical active substance/PPP as these provide
an indication for the likely exposure and are relevant to justify adap-
tations to the general (hazard-related) data requirements and subse-
quent potential risk mitigation needs. If applicable, the likely exposure
to the biochemical may be compared to the occurrence and frequency of
exposure to the corresponding naturally occurring substance and/or to
the biochemical from other established uses and sources, such as food.
These additional exposures have also been referred to as ‘background
exposure levels’ (Busschers et al., 2023), whereas the European Com-
mission guidance documents also refer to ‘natural exposures’ (European
Commission, 2014, 2024a).

If background exposure levels to humans and/or to relevant non-
target organisms are not substantially increased through agricultural
use of the biochemical active substance, the risk of any harmful effects is
not increased, and the corresponding aspect of the risk assessment can
be concluded without the need for further studies. In the guidance
document on semiochemical active substances and PPPs, such non-
substantial increase of naturally occurring exposures through use of
PPPs is described as a difference “within one order of magnitude by the
same route” (page 10 in European Commission, 2024a).

By integrating available hazard information with assessments of
natural background exposure levels, a more nuanced understanding of
potential risks can be developed. This approach allows for the possibility
of conducting risk assessments without extensive generation of new
data. The evaluation process for biochemical active substances/PPPs is
streamlined while human health and environmental safety protection
are ensured (for details on consideration of documented uses and

exposures, see Appendix B, Section B.1.3).

Problem formulation should also consider the identity and physico-
chemical properties of the biochemical (see also Appendix B, Section
B.2) as well as its MoA. Some biochemical active substances exhibit a
narrow or specific (targeted) MoA due to their specific interactions with
biological pathways or genome sequences of the pest thereby minimis-
ing effects on non-target organisms. Other biochemical active sub-
stances exhibit a non-toxic MoA (further discussed in Section 2.2). In
these cases, a reduced dataset and risk assessment may be acceptable
(for details on biological properties and data on application of
biochemical active substances, see Appendix B, Section B.3).

Prior to the generation of new experimental data, it should be
ensured that all available information has been gathered and
evaluated to address areas of concern and/or uncertainties arising
from these. Relevant information may be derived from experience from
established uses, from peer reviewed published literature and/or from
regulatory study reports (see also EFSA, 2011). Ideally, the hazard in-
formation retrieved will have been derived from studies conducted in
compliance with the principles on Good Laboratory Practice (GLP;
OECD, 1998). Nonetheless, studies with deviations or data gaps may still
provide valuable insights, particularly when contextualised within the
broader body of evidence.

Non-testing approaches to reduce the need to generate new experi-
mental data, which are also mentioned in the guidance document on
botanical active substances (European Commission, 2014) and may
equally be applicable to biochemicals, include:

e Validated (quantitative) structure activity relationship ((Q)SAR)
models (OECD, 2023a),

Application of the threshold of toxicological concern (TTC) concept
(Kroes et al., 2004; van Ravenzwaay et al., 2017; EFSA SC, 2019) for
the endpoints of repeated-dose toxicity, genotoxicity/carcinogenic-
ity and reproductive toxicity, and

Grouping and read-across to comparable substances (OECD, 2014a;
ECHA., 2017; see also EFSA SC, 2025). “Extrapolating from one
[complex biochemical] active substance to another with respect to the
same or similar component(s) of (eco)toxicological concern (read-across)
can only be considered when accompanied by evidence of their compo-
sition with respect to the particular substance of concern” (European
Commission, 2014).

In cases of well-established background exposure levels, the TTC
concept would not be utilised. Instead, the background exposure would
serve as the reference level against which additional exposure from
agricultural applications can be evaluated to determine whether it may
elevate the overall exposure to a level of concern. However, background
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levels may fluctuate, and transient peaks in exposure may be acceptable
if the weight-of-evidence (WoE) supports such a conclusion. By com-
parison, the TTC concept can be particularly useful in scenarios where
there is (1) a lack of information on hazard; (2) no significant back-
ground exposure; and (3) sufficiently low overall exposure (e.g. due to
low application rates or confined exposure) to warrant a non-testing
approach for risk assessment. This flexibility allows for a pragmatic
evaluation of risk while ensuring safety.

Expert judgement is required to determine whether (Q)SAR model-
ling, the TTC approach and/or grouping and read-across are applicable
for the biochemical active substance of interest. All available informa-
tion and the non-testing data should be evaluated following a WoE
approach in which the information is assembled into lines of evidence,
and the evidence is weighed and integrated (EFSA SC, 2017). This helps
ensure that the hazard and risk assessment is fit-for-purpose, i.e. that
data requirements are selected based upon the ‘need to know’
(Busschers et al., 2023). Depending on the biological properties and
intended uses of the biochemical active substance/PPP as well as
existing knowledge on relevant hazard properties, no new studies may
be required to fulfil the data requirements under Regulations 283/2013
or 284,/2013 (European Commission, 2013a, 2013b). Waivers should be
considered based on sound scientific justifications. Preferably, the
application of the BiochemPPP-STAS, as such, and the identification of
data needs should follow an iterative process, in close alignment be-
tween the applicant and the rapporteur member state, beginning with
‘base data requirements’, which are then evaluated to determine critical
endpoints and triggers of concern that require follow up (i.e. ‘condi-
tional data requirements’). For example, unclear findings in target

organs observed in one study may be further investigated in an alter-
native species or in a more specific study, as relevant. This also serves to
avoid the conduct of vertebrate animal intensive studies.

2.1. BiochemPPP-STAS: Human health hazard and risk assessment of
biochemical active substances and biochemical PPPs

Fig. 1 presents a flow diagram of the elements of the BiochemPPP-
STAS that are related to the human health hazard and risk assessment
of biochemical active substances and biochemical PPPs. “The aim of the
human health risk assessment is to ensure that [biochemical] active sub-
stances for use in PPPs do not have any harmful effects on the health of
consumers (via residues), operators, workers, bystanders or residents"
(European Commission, 2014).

The problem formulation, as the first step of the risk assessment,
should consider the general elements described in the introduction to
Section 2 ([1a] in Fig. 1). Considerations on intended uses, conditions of
use and background exposure serve to determine if human exposure to
the biochemical active substance (or its derived metabolites or degra-
dation products) will likely exceed the background exposure to the
naturally occurring counterpart (if applicable). If the natural back-
ground exposure is not exceeded, there is no relevant human exposure,
and a further risk assessment is not needed ([1b] in Fig. 1). Population
subgroups to consider include operators (i.e. professional or non-
professional users), bystanders, workers, residents and consumers;
also, specific vulnerable groups need to be considered (EP and Council,
2009b); see Appendix B, Section B.5, for details on human exposure
assessment.

5 Characterisation of the biochemical active substance for human health risk assessment
"_E Evaluate all available data on physical, chemical and biological properties, MoA, pathways of exposure, conditions of use and application methods
>
£ (consider peer review literature and studies from regulatory submission for the biochemical active substance, TTC, QSARs and read-across to comparable
L [1a] substances, as applicable), identify any reported adverse effects, or history of safety from a specific use type
£
[
% Do conditions of use or application method indicate exposure levels 2 natural occurrence and frequency of exposure to No | Further studies for
a [1b] humans? OR: exposure > TTC for systemic endpoints / genotoxicity, if applicable? given endpoint not
— required
l Yes Yes l
2] Conduct toxicological base studies (unless relevant and reliable data are available for given endpoint) | WoE to consider potential for
carcinogenicity (Table 1)
In vitro skin / eye Skin Repeated-dose Genotoxicity (QSAR, Conduct relevant Long-term exposure expected?
irritation assays sensitisation toxicity (enhanced Ames test / in vitro . in vivo genotoxicity Available data indicate concern?
(DA, LLNA) 90-day rat study) [3] MNT) [[3] studies MOoA of relevance for humans?
C&L? (Instead of testing: consider Adversity < limit Neg.l Neg. 1 ;557\. Exposure > TTC (if alprilicalile)?
. Yes QSAR: structural alerts?
accepting C&L) and RMM dose? | Ve [ L cacement of |mmmm————
| Fur:he.r issess;ment.ofd Neg.: consider Genotoxicity? Proliferation at
genotoxicity not require. -
relevant exposure?
l No  Yes for WSE" 4] p
Further studies for respective | No Concern for DART / Ptag

Pre-neoplastic effects? |~

[5] neurotoxicity / ED)

endpoint not required neurotoxicity / ED? Concern No concern
Yes Yes
IYes -
l No Use 90-day | C&Lforacute Establish NOAEL Further assessment
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Fig. 1. Flow diagram of the elements of the BiochemPPP-STAS that are related to the human health hazard and risk assessment of biochemical active
substances and biochemical plant protection products. Abbreviations: C&L: classification and labelling; DA: defined approach for testing and assessment; DART:
developmental and reproductive toxicity; ED: endocrine disruptor; LLNA: local lymph node assay; MNT: micronucleus test; MoA: mode-of-action; NOAEL: no
observed adverse effect level; QSAR: quantitative structure-activity relationship; RMM: risk mitigation measures; TTC: threshold of toxicological concern. Colour
legend: Grey box: assessment to meet base data requirements; White box: assessment to meet conditional data requirement or data evaluation; blue box: question for
consideration; green box: conclusion regarding absence of exposure or absence of risk; green arrow: continuation of assessment after establishment of absence of
concern (for respective question); brown arrow: continuation of assessment after establishment of concern (for respective question); dashed arrow: consideration of
outcome for next step of the assessment. [1a/1b-7] Please see main manuscript for details. (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article.)



Table 1

CropLife Europe proposal for adaptations to the mammalian toxicity data requirements for biochemical active substances and biochemical PPPs.

Endpoint [a] Test method [b] CropLife Europe proposal for adaptations to mammalian toxicity data requirements for biochemical active substances and
biochemical PPPs

Comparison to background exposure Not applicable If (natural) background exposure of humans to the biochemical not significantly increased, stop (no generation of new data, no risk
assessment needed)

5.1: Studies on ADME in mammals Generally, no new testing Conditional data requirement

Toxicological data requirements for biochemical active substances and biochemical PPPs

If ADME data are relevant and useful for the risk assessment, it should be considered whether it may be technically possible to integrate
measurements of blood and tissue concentrations into the repeated-dose toxicity study (see point 5.3).

Note: Align testing strategy with 3Rs principle (EP and Council, 2010) to avoid unnecessary vertebrate animal testing

5.2.1-5.2.3 / 7.1.1-7.1.3: Acute systemic (oral,  Generally, no new testing
dermal, inhalation) toxicity

5.2.4-5.2.5 / 7.1.4-7.1.5: Skin and eye IATA for skin and eye irritation
irritation
5.2.6 / 7.1.6: Skin sensitisation QSAR

OECD TG 429, 442A or 442B

5.2.7: Phototoxicity OECD TG 432
Toxicological data requirements for biochemical active substances

Conditional data requirement, and new acute systemic toxicity studies should not be performed; justification:

. They are not used in risk assessment but only for C&L

. Dermal toxicity is not relevant as substances are generally not more toxic via dermal route than oral route

. Inhalation toxicity is only relevant if inhalation is a relevant exposure route

. First, it should be considered if endpoint can be addressed by available data from other uses (fragrance, etc.)

. Oral and inhalation toxicity of biochemical active substance can be identified based on NOAEL/NOAEC from corresponding repeated-
dose toxicity studies

6. Oral and inhalation toxicity of biochemical PPP can be derived from reference point established in the studies referred to under data

point 5.3 for biochemical active substance and/or by calculation method

Base data requirement; however, new in vivo skin and eye irritation studies should not be performed:

If biochemical active substance/PPP has pH < 2 or > 11.5: assign C&L for skin and eye irritation without testing

Biochemical active substance/PPP: consider performing IATA for skin and eye irritation and/or accepting C&L

Note: Available data on known components may trigger C&L if exceeding generic or specific concentration limits

LLNA as base data requirement, based upon these considerations:

g WN =

1. Biochemical active substance/PPP: consider accepting C&L as skin sensitiser based on available information

2. Biochemical active substance: conduct LLNA if complex mixture or if substance out of applicability domain of DAs or if DA indicates skin
sensitisation potential

3. Biochemical PPP: base quantitative risk assessment on skin sensitising properties of ingredient(s) / DA/ QSAR

In vitro phototoxicity testing: if molar absorption coefficient in visible light range is > 10 L/g/cm

Note: Align testing strategy with 3Rs principle (EP and Council, 2010) to avoid unnecessary vertebrate animal testing

5.3: Short-term toxicity OECD TG 407
OED TG 408
OECD TG 421 or 422

5.4: Genotoxicity QSAR
OECD TG 471 and 487, follow up of
positives: OECD TG 489, 488 or 470

5.5: Long-term toxicity and carcinogenicity QSAR
Generally, no new testing

At least one repeated-dose toxicity study as base data requirement, based upon these considerations:

Notes: Repeated-dose toxicity studies should be designed to yield a reference point for quantitative risk assessment. Reference doses should
be set with a standard safety factor of 100 unless toxicokinetic / toxicodynamic data justify a lower safety factor; additional safety factors
are explicitly not recommended for biochemicals, since these are generally of lower risk

1. If available data (also from e.g. 28-day studies, OECD TG 421/422) allow setting of reference point OR exposure < TTC: no need for
generation of new data

2. If new data are needed, preferably, the rat 90-day repeated-dose toxicity study (OECD TG 408) should be performed, possibly enhanced
to include further endpoints [c]

3. Repeated-dose toxicity evaluations in a second species (i.e. the dog) generally do not provide added value for biochemical active
substances and should, therefore, not be performed

Ames test and in vitro MNT study as base data requirements, integrated into tiered approach:

1. Pre-tier: If available data allow setting reference point OR exposure < TTC: no need for generation of new data; otherwise: proceed to
Tier 1 and/or Tier 2

2. Tier 1: non-testing data: QSAR on mutagenicity/clastogenicity: If Tier 1 is negative, no need for generation of new testing data. If Tier 1
is positive or biochemical is out of applicability domain of QSAR: proceed to Tier 2

3. Tier 2: Ames test and in vitro MNT assay: If Tier 2 is negative, stop: no genotoxicity. If Tier 2 is positive: proceed to Tier 3

4. Tier 3: In vivo follow up of any in vitro positive (added to repeated-dose toxicity study, if possible (see point 5.3), and aligned with
observed type of in vitro genotoxicity): Depending on outcome of Tier 3, conclude on genotoxicity / absence of genotoxicity

Conditional data requirement, considerations for tiered testing and assessment approach to evaluate long-term toxicity and

carcinogenicity:

Note: This approach serves to determine whether the biochemical may mediate carcinogenicity by a genotoxic or non-genotoxic MoA;

however, cell proliferation, oestrogenicity and immunosuppression (reflecting non-genotoxic carcinogenicity) should only be considered

(continued on next page)
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Table 1 (continued)

Endpoint [a] Test method [b]

CropLife Europe proposal for adaptations to mammalian toxicity data requirements for biochemical active substances and
biochemical PPPs

5.6: Reproductive toxicity As a last resort: OECD TG 414
Generally, no new testing in OECD TG 443
(or 416)

5.7: Neurotoxicity Generally, no new testing

5.8.3: Endocrine disruptors Generally, no new testing

relevant when they drive the NOAEL

Is long-term exposure expected due to expected use(s) of the biochemical active substance/PPP?

Evaluate available data: history of safe use / health benefit / literature incl. regulatory databases / ToxCast

Does the biochemical’s MoA have relevance for humans?

Exposure > TTC when threshold for carcinogenicity can be defined / has been defined by regulators?

QSAR: Are there structural alerts for carcinogenicity that are of relevance to humans?

Waive rodent cancer bioassays based on (a) absence of genotoxicity; (b) absence of (proliferative) findings at human relevant exposure
levels; (¢) non-relevance to humans of MoA

If new testing data are necessary, due to triggers of concern: conduct the enhanced rodent 90-day repeated dose toxicity study and/or
mechanistic studies to support the postulated MoA (see Hilton et al., 2022)

Conditional data requirement; considerations for tiered testing and assessment approach to evaluate reproductive toxicity
Note: Changes in reproductive organ weights / histopathology which are secondary to systemic toxicity are not considered relevant

. Is exposure of pregnant individuals expected due to expected uses of the biochemical?

. Evaluate available data: history of safe use / health benefit / literature incl. regulatory databases / ToxCast

. Does the biochemical’s MoA have relevance to humans?

. TTC / safe use when threshold can be defined / has been defined by regulators

. If exposure during pregnancy is possible: rat developmental toxicity study (OECD TG 414), unless concern can be excluded based on
available OECD TG 421/422

6. The extended one-generation reproductive toxicity study (OECD TG 443) should generally only be performed if triggered by findings in

reproductive organs in the 90-day study, and these findings drive the NOAEL

Conditional data requirement

Assess available data (FOB and histopathology from (enhanced) repeated-dose toxicity studies); no further data generation needed if no

adversity on the nervous system, driving the NOAEL

Conditional data requirement

Assess adversity and potential MoA (thyroid hormones, target organs) in all available studies (key: (enhanced) repeated-dose toxicity

study); no further data generation needed if no adversity on any endocrine organs, driving the NOAEL

g hs wWN =

Footnote to Table 1: Abbreviations: ADME: absorption, distribution, metabolism, elimination; C&L: classification and labelling; DA: defined approach for testing and assessment; FOB: functional observational battery;
IATA: integrated approach to testing and assessment; LLNA: local lymph node assay; MNT: micronucleus test; MoA: mode-of-action; NOAEL: no observed adverse effect level; OECD: Organisation for Economic Co-

operation and Development; PPP: plant protection product; QSAR: quantitative structure activity relationship; TG: test guideline; ToxCast: US EPA (2024a); TTC: threshold of toxicological concern.

[a] The endpoint-specific considerations presented in this table follow the structure and numberings of the data requirements for mammalian toxicity laid down, for active substances, in Section 5 of Part A of the Annex to

Regulation 283/2013 (European Commission, 2013a) and, for PPPs, in Section 7 of Part A of the Annex to Regulation 284,/2013 (European Commission, 2013b).

[b] For details on test methods, see Commission communications 2013/C95/01 and 2013/C95/2 (European Commission, 2013c, 2013d) listing the test methods to fulfil the data requirements for active substances and
PPPs, respectively. For most recent versions of TGs, see OECD (2025a) and US EPA (2024b). Note, although specific TGs are referenced in Table 1, the study designs / methodologies should be adapted to the specific

properties of the biochemical. If a given study is technically not feasible due to the properties of the biochemical, an alternative testing method is justified.
[c] See Section 7 in the Supplementary Information, for details on possibly relevant optional elements and additional endpoints to enhance the rat 90-day repeated-dose toxicity study.
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If the problem formulation (including evaluation of exposures to the
naturally occurring substance and/or exposure from other uses or
routes; see also Section 2.2 for further exposure considerations) and
evaluation of all available data indicate that mammalian exposure data
and/or toxicological data are required for the safety assessment, the
assessment begins with a toxicological base dataset. As is explored in
further detail below, the toxicological base dataset covers (1) skin and
eye irritation; (2) skin sensitisation; (3) repeated-dose toxicity; and (4)
genotoxicity. These endpoints are addressed using either available
relevant and reliable data or newly generated data ([2] in Fig. 1). All
other toxicological endpoints are conditional (see Table 1 for an over-
view of all endpoint-specific considerations).

The distinction between toxicological base data and conditional data
serves to ensure (1) that the dossier is ‘fit-for-purpose’ (Wolf et al.,
2022), i.e. that only such data are collected and evaluated that are
needed to conclude on safe use of the biochemical active substance/PPP
(also by the implementation of risk mitigation measures); and (2) that
vertebrate animal testing is only undertaken as a last resort (EP and
Council, 2010). Section B.6 in Appendix B, provides further consider-
ations on the avoidance of vertebrate animal testing for the hazard
identification of biochemical active substances; these considerations
have been aligned with the section on mammalian toxicology of the
guidance document on botanical active substances used in PPPs
(European Commission, 2014).

The decision-making scheme presented in the BiochemPPP-STAS, as
well as the distinction between toxicological base data and conditional
data, is founded on a science-based proposal for adaptations to the
mammalian toxicity data requirements for biochemical active sub-
stances/PPPs. The details of this science-based proposal are presented in
the online Supplementary Information, which has been aligned with the
structure of the data requirements for active substances and PPPs
implemented in Regulation 283/2013 (European Commission, 2013a)
and Regulation 284/2013 (European Commission, 2013b), respectively.

Generally, mammalian toxicity data are legally required (1) for
classification and labelling (C&L; EP and Council, 2008); and/or (2) for
the derivation of reference points (e.g. NOAELs), which may be used to
establish health-based guidance values (i.e. ADI and ARfD for pesticide
residues, (A)AOEL for occupational exposures; Box 2), which are then
used for a quantitative risk assessment.

Importantly, a comprehensive WoE approach considering all avail-
able relevant data should be applied for the derivation of reference
points. This serves to ensure that the reference points adequately reflect
the duration of exposure associated with the chemistry (e.g. peptide)
and intended use of the biochemical active substance/PPP. In scenarios
indicating chronic exposure potential, the reference points are tradi-
tionally derived from studies specifically addressing chronic exposure.
However, there may be scenarios where it is appropriate to incorporate
additional uncertainty factors to extrapolate a NOAEL from a subchronic
toxicity study to derive a health-based guidance value for risk assess-
ment. In situations where only limited human exposure is anticipated,
the corresponding reference doses should not need to be based solely on
chronic endpoints.

2.1.1. Toxicological base dataset

Skin and eye irritation: Integrated approaches to testing and
assessment should be applied to generate data on skin and eye corro-
sion/irritation (OECD, 2014b, 2023b) whenever the biochemical falls
into the applicability domain of the underlying test methods. If non-
classification for skin irritation/corrosion and/or eye irritation/corro-
sion cannot be concluded based upon the non-animal data alone, the
biochemical active substance and/or biochemical PPP should be clas-
sified accordingly, and appropriate risk management measures should
be implemented. Technical material and formulated end-use products,
which are only intended for professional use, should in case of doubt be
handled when wearing safety goggles and gloves (Table 1 and Supple-
mentary Information: Section 4).

Skin sensitisation: Defined approaches making use of in chemico, in
vitro and/or in silico assays are available to assess skin sensitisation
without the need for vertebrate animal testing (OECD, 2023c). If
absence of skin sensitisation potential of the biochemical active sub-
stance can be shown by means of such defined approaches, no further
assessment is necessary. If, however, skin sensitisation potential of the
biochemical active substance is demonstrated by a defined approach, or
assumed based on the structural class, the local lymph node assay
(LLNA; OECD test guideline [TG] 429; OECD, 2025a) should be con-
ducted. A positive outcome of the LLNA should preferably be used to
establish a reference point for the quantitative risk assessment of the
biochemical active substance, and it should also be considered for the
quantitative risk assessment of the corresponding biochemical PPP.
Similarly, if the biochemical active substance is identified as a non-skin
sensitiser, the quantitative risk assessment of the biochemical PPP
should be based on the skin sensitising properties of its ingredients, or on
defined approaches for skin sensitisation testing (OECD, 2023c) or in
silico predictions, if applicable (Table 1 and Supplementary Information:
Section 5).

Repeated-dose toxicity: Information on repeated-dose toxicity may
not be needed if the problem formulation and an evaluation of all
available data, including application of the TTC concept (Kroes et al.,
2004; EFSA SC, 2019) and/or grouping and read-across from similar
substances (OECD, 2014a; ECHA, 2017) indicate a history of safe use, no
triggers for concern and/or negligible exposure to the biochemical. In all
other instances, a repeated-dose toxicity study is proposed as a base data
requirement (until and unless a valid alternative approach is available).
Its outcome should be assessed (1) to establish a reference point for the
quantitative risk assessment; and (2) to identify toxicological effect
patterns, which is also relevant for C&L, i.e. classification for specific
target organ toxicity. If performance of a new repeated-dose toxicity
study is required, preferably, a rat 90-day oral toxicity study (OECD TG
408) including the functional observational battery should be conduct-
ed. To reduce vertebrate animal testing, measurements of blood and
tissue concentrations of the biochemical, if considered relevant, of
genotoxicity and/or of immunotoxicity endpoints may also be inte-
grated into the repeated-dose toxicity study (see also Cohen, 2010). If
relevant exposure during pregnancy is possible, it may be considered to
perform an (OECD TG 422) combined repeated-dose toxicity study with
the reproduction / developmental toxicity screening test instead of the
(OECD TG 408) 90-day study (Table 1 and Supplementary Information:
Section 7).

Genotoxicity: New genotoxicity data may not be needed if the
problem formulation and an evaluation of all available data indicate that
the biochemical has a history of safe use and negligible exposure, and
that there are no triggers for concern. As applicable, the evaluation of all
available data should include the application of validated QSARs (e.g.
from the OECD QSAR toolbox; OECD, 2025b) and/or of the TTC concept
(Kroes et al., 2004; EFSA SC, 2019) and/or grouping and read-across
from similar substances (OECD, 2014a; ECHA, 2017). If negligible
exposure cannot be concluded or safety established based on the history
of use, the bacterial reverse mutation test (Ames test; OECD TG 471) and
the in vitro micronucleus test (OECD TG 487) should be conducted as
base studies as these tests address mutagenicity and clastogenicity /
aneugenicity. In vivo genotoxicity testing should be reserved for follow
up of in vitro positives (Pfuhler et al., 2007; Booth et al., 2017) (Table 1,
[3] in Fig. 1, Supplementary Information: Section 8).

2.1.2. Toxicological conditional dataset

Carcinogenicity: The potential for carcinogenicity should be
addressed following a WoE approach considering whether (1) long-term
exposure to the biochemical is to be expected; (2) the toxicological base
dataset indicates both a concern and a MoA that is of relevance to
humans; (3) exposure exceeds the TTC, if applicable; (4) QSAR model-
ling indicates a structural alert; (5) the biochemical elicits in vitro
mutagenicity / genotoxicity and/or cell proliferation at relevant
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[1] Characterisation of the biochemical active substance for environmental risk assessment

5 Evaluate all available data on physical, chemical and biological properties, MoA, pathways of exposure, conditions of use and application methods
',_‘_'.3 (consider peer review literature and studies from regulatory submission for the biochemical active substance, QSARs and read-across to comparable
E substances, as applicable), identify any reported adverse effects, or history of safety from a specific use type

S

E Identify relevant NTO, which may be affected by MoA; robust justification is needed to exclude species from assessment

=

g Do conditions of use or application method indicate exposure to identified relevant NTO?

Yes l

=

Conduct base ecotoxicity studies with relevant NTO
(Table 2) or evaluate available relevant & reliable data

No

Further studies not required as exposure to
relevant NTO can be excluded

Ecotoxicity at concentrations > estimated exposure? 31 From available information: assess biochemical’s
(with relevant safety factors [a]) No likely rate of (bio)degradation

Yes

(5] Conduct relevant environmental fate studies
(degradation, transformation) to refine
exposure estimates

Is potential for prolonged exposure in the
environment expected?

Yes

l Yes

(6] Conduct relevant conditional
(chronic) ecotoxicity studies (Table 2)

1.

(4] Available relevant & reliable data: concern
‘? for chronic effects? MoA that warrants

further studies to ensure low risk?

T
I
Consider for final WoE }

T
1
Consider for final WoE §

No

Final WOE for risk assessment and/or C&L, as relevant

Further studies not required as low risk

concluded

Fig. 2. Flow diagram of the elements of the BiochemPPP-STAS that are related to the environmental hazard and risk assessment of biochemical active
substances and biochemical plant protection products. Abbreviations: MoA: mode-of-action; NTO: non-target organism; WoE: weight-of-evidence. Colour legend:
Grey box: assessment to meet base data requirements; white box: assessment to meet conditional data requirement or data evaluation; blue box: question for
consideration; green box: conclusion regarding absence of exposure and/or absence of risk; green arrow: continuation of assessment after establishment of absence of
concern (for respective question); brown arrow: continuation of assessment after establishment of concern (for respective question); dashed arrow: consideration of
outcome for next step of the evaluation. [1-6] Please see main manuscript for details. [a] Safety factors should also be included in the initial assessment. As these are
not defined for biochemicals, the same values should be applied from the existing pesticide risk assessment guidance, e.g. assessment factor of 100 for acute aquatic
studies (EFSA, 2013). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

exposures in the repeated-dose toxicity study. Generally, genotoxic
carcinogenicity can be predicted in the in vitro mutagenicity / geno-
toxicity assays, whereas pre-carcinogenic effects that are predictive of
non-genotoxic carcinogenicity can be identified in the enhanced rodent
90-day repeated-dose toxicity study (Cohen, 2010; Hilton et al., 2022,
2023; Strupp et al., 2023; Louekari and Jacobs, 2024). If the WoE
evaluation indicates no concern, further carcinogenicity assessment is
not required (Table 1, [4] in Fig. 1, Supplementary Information: Section
9.

Developmental and reproductive toxicity, neurotoxicity and
endocrine disruption are conditional endpoints in the BiochemPPP-
STAS and should only be addressed if the toxicological base dataset
indicates a concern (Table 1, [5] and [7] in Fig. 1, Supplementary In-
formation: Sections 10-12). Acute systemic toxicity is only relevant for
C&L, and the corresponding NOAEL can and should be derived from the
available short-term or 90-day NOAEL (Table 1, [6] and [7] in Fig. 1,
Supplementary Information: Section 3).

2.2. BiochemPPP-STAS: Environmental hazard and risk assessment of
biochemical active substances and biochemical PPPs

The general data requirements related to fate and behaviour in the
environment and ecotoxicological studies are laid down in Section 7 and
Section 8, respectively, of Part A of the Annex to Regulation 283/2013
setting out data requirements for active substances (European Com-
mission, 2013a). Here, it is described how these data requirements may
be adapted to the environmental risk assessment of biochemical active
substances to shift the focus from the general fulfilment of data re-
quirements to the determination of those environmental compartments
and non-target organisms that exhibit potential for concern and thus
require adequate follow up (see Fig. 2 for flow diagram).

The problem formulation approach serves to ensure that the

environmental risk assessment is fit-for-purpose. Generally, problem
formulation should be conducted in line with the principles laid down in
the European Commission guidance on Problem formulation for environ-
mental risk assessment in the context of Regulation (EC) No 1107/2009
(European Commission, 2024b; see also introduction to Section 2). As
relevant for the biochemical active substance of interest, the problem
formulation for environmental risk assessment should consider:

1. Product characterisation, e.g. the physico-chemical and biological
properties of the biochemical, including its MoA,

2. The intended uses and conditions of use (e.g. application method) of
the biochemical active substance, its pathways of exposure, and the
occurrence and frequency of exposure to the corresponding naturally
occurring substance and/or to the biochemical from other estab-
lished uses and sources; the relevance of consideration of such
additional exposure levels needs to take into consideration, e.g.
seasonal and regional variations,

3. All available information on potential hazards to non-target species,
as derived, e.g. from peer reviewed published literature and regu-
latory documents, read-across to similar substances and from expe-
rience from established uses.

This information is evaluated to clearly define relevant non-target
species which may be exposed, and/or uncertainties that need to be
addressed ([1] in Fig. 2). The experience from established uses serves to
determine whether there is a history of safe use, and if so, for which use
and how is it documented, and/or whether any reported incidents refer
to adverse effects. A documented history of safe use or lower risk should
be considered when determining the relevance of a study.

Relevant ecotoxicological and environmental fate data requirements
are identified based on specific concerns considering (1) whether the
relevant non-target species and habitats may be exposed to the



Table 2

CropLife Europe proposal for adaptations to the environmental fate and ecotoxicological data requirements for biochemical active substances.

Endpoint [a]

Test method [b]

CroplLife Europe proposal for base and conditional environmental fate and ecotoxicological data requirements

7: Data on fate and behaviour in the environment

Conditional data: Studies to assess rate of degradation in relevant environmental compartment
If a refined exposure assessment is triggered due to toxic effects shown to relevant species, appropriate environmental fate studies should be conducted as required to assess persistence, mobility and degradation pathways; this should be a
bespoke strategy and consider relevant environmental compartments and studies, which are technically feasible for the substance type

8: Ecotoxicological data — Note: Align testing strategy with 3Rs principle (EP and Council, 2010) to avoid unnecessary vertebrate animal testing

8.1.1: Acute oral toxicity to birds

8.1.1.3: Reproductive toxicity to birds

8.1.2.1: Acute oral toxicity to mammals

8.1.2.2: Long term and reproduction toxicity to
mammals
8.1.5: Endocrine disrupting properties

8.2.1: Acute toxicity to fish

8.2.2.1: Fish early life stage toxicity test

8.2.2.2: Fish full life cycle test

8.2.2.3: Bioconcentration in fish

8.2.3: Endocrine disrupting properties

8.2.4.1: Acute toxicity to Daphnia magna

8.2.4.2: Acute toxicity to additional invertebrate
species

8.2.5.1: Reproductive toxicity to Daphnia magna

8.2.5.2: Reproductive toxicity to an additional
aquatic invertebrate species

8.2.5.3: Development and emergence in Chironomus
species

8.2.5.4: Sediment dwelling organisms

OECD TG 223

OECD TG 206

OECD TG 229
OECD TG 231 or 248

OECD TG 203

OECD TG 210

OCSPP 850.1500

OECD TG 305

OECD TG 229
OECD TG 231 or 248

OECD TG 202
OECD TG 235

OECD TG 211

OECD TG 233

OECD TG 219 or 218

OECD TG 225 or
OCSPP 850.1790

Base data

Assess available toxicity information from mammalian studies and/or QSAR predictions; if the NOAEL is at the top dose level in a relevant and reliable
mammalian study, a bird study should not be conducted

Assess potential for dietary exposure, e.g. soil application, ready biodegradability, metabolism assessment

Conditional data

Chronic risk can be assessed by applying a 10x safety factor to the acute bird LDsg (EFSA, 2009)

Note: Study should only be conducted if acceptable risk cannot be demonstrated or if evidence indicates long-term toxicity

Conditional data

Addressed by toxicological requirements (see Table 1, data point 5.2.1); further studies not required for ecotoxicological assessment

Conditional data

Addressed by toxicological requirements (see Table 1, data points 5.6.1 and 5.6.2); further studies not required for ecotoxicological assessment
Conditional data

Studies should be considered (1) if necessary, owing to the nature of the type of biochemical, known MoA and uptake potential; AND (2) if technically feasible
based on the biochemical’s properties

If studies are considered necessary, testing should follow the relevant guidance (ECHA/EFSA, 2018); generally, a fish short-term reproduction assay and an (E)
AMA or XETA are recommended (Ortego et al., 2021; Lagadic et al., 2024)

Base data

Study with one species, i.e. rainbow trout (unless relevant data for different species already available)

Note: Perform study at limit dose in line with recommendations from the Central Zone ecotoxicology manual (Ctgb, 2023)

Conditional data

Use WoE justification to consider exposure (ready biodegradability, low predicted exposure to water)

If acute toxicity LCso < 1 mg/L, OECD TG 210 should be conducted

Note: Study should only be conducted if acceptable risk cannot be demonstrated or if available evidence indicates long-term toxicity; setting of the MATC for
endocrine studies could be used to inform chronic risks if needed, e.g. if MATC is > 1/10 of LCsp, then OECD TG 210 should be conducted

Conditional data

Triggered by persistence in water and bioaccumulation

According to the EFSA guidance on tiered risk assessment for PPPs for aquatic organisms in edge-of-field surface waters (EFSA, 2013), this study may be required
depending upon the biochemical’s persistence and bioaccumulative potential

A WoE evaluation considering QSAR predictions, fate and metabolism should be considered to demonstrate safety in line with the 3Rs principle (EP and
Council, 2010)

Conditional data

Triggered if biochemical has log K, > 3, or if it is persistent in water

A WOoE evaluation considering QSAR predictions, fate and metabolism should be considered to justify whether bioconcentration may occur

Conditional data

Studies should be considered (1) if necessary, owing to the nature of the type of biochemical, known MoA and uptake potential; AND (2) if technically feasible
based on the biochemical’s properties

If studies are considered necessary, testing should follow the relevant guidance (ECHA/EFSA, 2018); generally, a fish short-term reproduction assay and/or an
(E)AMA or XETA are recommended (Ortego et al., 2021; Lagadic et al., 2024) depending on expected relevant endocrine modality

Base data

Conditional data

Required if the biochemical has an insecticidal MoA

Conditional data

Required if not readily biodegradable, exposure to water is likely and acute Daphnia ECsy < 1 mg/L

Note: Study should only be conducted if acceptable risk cannot be demonstrated or if available evidence indicates long-term toxicity

Conditional data

Required if the biochemical’s MoA is insect growth regulation

Conditional data

Potentially required if not readily biodegradable, if WoE indicates toxicity to insects / insecticidal MoA or Daphnia acute ECsy < 0.1 mg/L

Conditional data

Potentially required if not readily biodegradable, if WoE indicates toxicity to insects / sediment organisms or Daphnia acute ECso < 0.1 mg/L

(continued on next page)

070 0JIOLD ¥



Table 2 (continued)

Endpoint [a]

Test method [b]

CroplLife Europe proposal for base and conditional environmental fate and ecotoxicological data requirements

8.2.6.1: Effects on growth of green algae
8.2.6.2: Effects on growth of additional algae species

8.2.7: Effects on aquatic macrophytes

8.2.8: Further testing on aquatic organisms

8.3.1.1.1: Acute oral and contact toxicity to
honeybees

8.3.1.2: Chronic toxicity to honeybees

8.3.1.3: Effects on honeybee development and other
honeybee life stages

8.3.2.1: Effects on Aphidius rhopalosiphi

8.3.2.2: Effects on Typhlodromus pyri

8.4.1: Earthworm sub-lethal effects
8.4.2.1: Species level testing

8.5: Effects on soil nitrogen transformation

8.6.1: Non-target plants, summary of screening data
8.6.2: Testing on non-target plants

8.7: Effects on other terrestrial organisms

8.8: Effects on biological methods for sewage

treatment
8.9: Monitoring data

OECD TG 201
OECD TG 201

OECD TG 221 or 239

OECD TG 213 and
214
OECD TG 245

OECD GD 239 (OECD,
2021)

Mead-Briggs et al.
(2000)
Bliimel et al. (2000)

OECD TG 222
OECD TG 232 and
226

OECD TG 216
Not applicable

OECD TG 227 and
208
Not applicable

OECD TG 209

Not applicable

Base data

Conditional data

Potentially required if the biochemical has an herbicidal MoA or is plant growth regulator

Conditional data

Only required if screening tests showed herbicidal activity / plant growth regulation activity

If the biochemical’s MoA is specific to monocots or dicots, and test potentially most sensitive species, otherwise, default to test Lemna only
If herbicidal activity is observed, then a second species should be tested, e.g. Myriophyllum

Not required; standard dataset is sufficient to address risk

Base data

Conditional data

Study required if acute studies indicate potential effect, if MoA could result in toxicity / exposure to bees, or if application type would result in exposure to
flowering plants

Conditional data

Study required if acute studies indicate potential effect, if MoA could result in toxicity / exposure to bees, or if application type would result in exposure to
flowering plants

Base data

See Table 3, data point 10.3.2.1 — study conducted with formulated end-use product
Base data

See Table 3, data point 10.3.2.2 — study conducted with formulated end-use product
Base data

Base data

Folsomia and Hypoaspis

Base data

Base data

Present available screening data to confirm any herbicidal activity / WoE approach
Studies required if WoE shows potential herbicidal effects

Conditional data

See Table 3, data point 10.6.2 — studies conducted with formulated end-use product
Conditional data

Only required to address specific concern/exposure (higher tier data)

Note: Very unlikely to be needed as standard dataset should be sufficient to address risk
Base data

Conditional data
Triggered as a higher tier refinement, unlikely to be applicable for biochemical active substances/PPPs

Footnote to Table 2: Abbreviations: Ctgb: Netherlands Board for the Authorisation of Plant Protection Products and Biocides; (E)AMA: (extended) amphibian metamorphosis assay; ECso: half-maximal effective con-
centration; ECHA: European Chemicals Agency; EFSA: European Food Safety Authority; GD: guidance document; K,: n-octanol/water partition coefficient; LCso: lethal concentration in 50% of the test animals; LDs:
lethal dose in 50% of the test animals; MATC: maximum acceptable threshold concentration; MoA: mode-of-action; OCSPP: Office of Chemical Safety and Pollution Prevention (US EPA); OECD: Organisation for Economic

Co-operation and Development; PPP: plant protection product; QSAR: quantitative structure activity relationship; TG: test guideline; WoE: weight-of-evidence; XETA: Xenopus Eleutheroembryonic Thyroid Assay.
[a] Numbers: data points in Part A of the Annex to Regulation 283/2013 on data requirements for active substances (European Commission, 2013a).

[b] See Commission communication 2013/C 95/01 (European Commission, 2013c) for list of test methods to fulfil the data requirements for active substances implemented in Regulation 283/2013 (European Com-
mission, 2013a), and see OECD (2025a) and US EPA (2024b) for most recent versions of TGs. Note: Although specific TGs are referenced for the base and conditional studies, the study designs / methodologies should be

adapted to the properties of the biochemical. If a given study is technically not feasible due to the given properties of the biochemical, an alternative testing method is justified.
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biochemical due to the intended application method; and (2) potential
for harm to these species due to the biochemical’s MoA and its potential
toxicity (Table 2).

Any relevant metabolites and degradation products, which may form
from the biochemical, should also be considered in the evaluation. In this
regard, metabolites and degradation products are considered relevant,
for example if they share the MoA of the biochemical active substance and
there are indications for potentially critical exposure (see below in this
section).

As regards consideration of the MoA, many biochemical active
substances exhibit a targeted MoA due to their specific interaction with
the target organism, and so they should not pose a risk to (the majority
of) non-target species. Examples for such biochemicals include RNA-
and peptide-based biochemicals.

RNA-based biochemicals generally consist of dsRNA, which trigger
the silencing of a specific gene sequence of the target organism via RNA
interference (RNAi). RNAI is a naturally occurring process that usually
only affects a unique gene sequence. When used for plant protection,
RNAi involves RNA-directed suppression of a target protein in the pest
leading to a desired biological effect such as reduced fitness or mortality
(Fletcher et al., 2020; De Schutter et al., 2022; OECD, 2023d, 2023e).
Assessments of the potential risk that RNA-based biochemicals might
pose to non-target organisms should focus on representative species (e.g.
non-target arthropods), which may have a comparable gene sequence as
the target pest. Although RNAI is inherently highly specific for a target
organism or group of organisms, partial homology of the dsRNA can
cause potential effects in a non-target species (De Schutter et al., 2022).
On the other hand, physical or chemical barriers, such as the digestive
system or cuticle, may prevent uptake of the dsRNA by certain species or
trophic groups; this would provide good justification for excluding
them from further assessment. The MoA for RNA-based biochemicals
and their potential risk to non-target organisms can be assessed using
bioinformatic procedures to compare the gene sequences in the target
organism, which the biochemical is designed to act against, with the
corresponding gene sequences in the non-target organisms. Details on
such bioinformatic procedures and consideration for potential uptake
are provided in the OECD Guidance Document considerations for the
environmental risk assessment of the application of sprayed or externally
applied ds-RNA-based pesticides (OECD, 2023d) and the corresponding
guidance document for human health risk assessment (OECD, 2023e).

Peptide biochemicals with antifungal properties disrupt fungal cell
wall membranes or inhibit membrane synthesis (Rosa et al., 2022).
Similarly, secondary metabolites produced by microbials may have an
antifungal or antibacterial MoA, which interferes with specific
biochemical pathways or structures that are specific to the target or-
ganism. The assessment of potential risks caused by such biochemicals
should focus on non-target species, which have comparable cell mem-
brane receptors as those targeted by the peptide biochemical. Other
biochemical active substances may have a non-toxic MoA. For example,
harpin proteins, i.e. naturally occurring proteins that are produced by
gram-negative bacteria, such as Erwinia amylovora, trigger natural
defence mechanisms in the plant by stimulating metabolic processes to
increase the plant’s general resistance to pests (Wei et al., 1992; Dong
et al., 1999; Choi et al., 2013; Yang et al., 2022).

The MoAs of some biochemicals could, however, include physical
effects, and these should also be evaluated for their relevance to non-
target species. For example, plant extracts, which have oily constitu-
ency and, thus, efficacy on pest insects by physically coating them, may
also pose physical hazards to aquatic invertebrates. The likelihood of
these hazards occurring and impacting non-target populations needs to
be assessed and existing data evaluated to determine if they are already
addressed in the effects assessment. For example, acute studies with
Daphnia magna where immobilisation is measured as the ‘lethal’
endpoint would incorporate physical effects as well as toxicity; there-
fore, the calculated effect concentrations would address both toxic and
physical hazard.

It is important to note that each type of biochemical may address a
broad range of MoAs, which may include physical hazards. Therefore,
the specific hazards of the biochemical of interest need to be evaluated
individually. For this purpose, all available evidence, e.g. from an
exhaustive literature review, evaluation of comparable substances or
comparative gene sequencing using bioinformatics, should be evaluated
following a WoE approach (EFSA SC, 2017). For some biochemicals with
a targeted MoA and no associated physical hazards, with an application
method which minimises environmental exposure, the WoE evaluation
may allow concluding on the risk characterisation without further eco-
toxicological testing. If, however, uncertainties prevail with respect to
the biochemical’s MoA and/or its potential to adversely affect non-
target species, relevant information needs should be identified and
pursued to address the specific concern.

For those non-target species identified as potentially affected by the
MoA of the biochemical, the exposure should be addressed. Based on
the intended method of application (e.g. foliar, seed coating, soil
applied) and the properties of the biochemical (e.g. rapid degradability),
the relevance and likelihood of exposure through different pathways
should be considered. For example, exposure to surface water via
drainage and run-off is unlikely to be a significant pathway for rapidly
degrading or unstable substances with a soil half-life below 24 h, and so
exposure assessment should focus on drift. If the biochemical is abun-
dant in the environment, the potential exposure resulting from the
application method compared to the existing occurrence of exposure to
the potentially relevant species should also be addressed to develop a
reasoned case for potential risk.

The calculation of exposure resulting from the application of the
biochemical can follow a tiered approach.

Tier 1 includes the calculation of the maximum potential exposure to
soil, surface water and sediment from the application rate (cumulative
rate for multiple applications) with no degradation. If the calculated
exposure is comparable to existing background exposure in the respec-
tive compartments (i.e. soil, surface water or sediment) and no signifi-
cant effects are reported in the ecotoxicological database, further data
are not required for the exposure assessment.

Tier 2 is triggered if calculated maximum predicted effect concen-
tration values clearly exceed existing background exposure or if
refinement of the exposure assessment is necessary to show acceptable
risk to non-target species. In these cases, further information on fate and
behaviour should be incorporated into the assessment. Ready biode-
gradability studies (OECD TG 301) provide a high-level assessment of
biodegradability from standardised tests. The findings can be converted
to first order rate constants and half-lives for biodegradation in (bulk)
soil and surface water (ECHA, 2016a). As regards sorption, QSAR
models allow estimating how likely a biochemical is to bind to organic
matter, soil or other media and thus also evaluating potential mobility.
One widely used tool for this is EPI Suite™ (Estimation Programs
Interface Suite), developed by the US Environmental Protection Agency
(US EPA, 2025).

Tier 3 is triggered by adverse ecotoxicological effects and very low
biodegradability, i.e. when the Tier 1 and Tier 2 assessments indicate
potential risks. Tier 3 involves further refinement of behaviour in the
environment via experimental or field-based studies, which are typically
tailored to the specific properties of the biochemical active substance
and the environmental compartment of concern. At the Tier 3 level,
evaluating environmental exposure becomes particularly challenging
for complex mixtures, necessitating clear characterisation of major
constituents, which may not be technically feasible. Further, low
biodegradability could trigger further need to understand potential
persistence or the metabolic pathway of the biochemical active sub-
stance and/or the need to describe the behaviour of metabolites.

Toxicity and adverse effects should be assessed for those non-
target species identified as relevant for the assessment, i.e. for non-
target species with a potential for exposure and potential for harm due
to the biochemical’s MoA (Table 2). The ecotoxicological assessment
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Table 3

CropLife Europe proposal for adaptations to the ecotoxicological data requirements for biochemical PPPs (formulated end-use products).

Endpoint [a] Test method [b]

CropLife Europe proposal for ecotoxicological data requirements for formulated end-use

products
10.2.1: Acute toxicity to fish OECD TG 203 Base data
10.2.4.1: Acute toxicity to Daphnia OECD TG 202 Formulation study should be conducted with the most sensitive group to the active substance
10.2.6.1: Effects on growth of green algae OECD TG 201 If one species is not notably more sensitive, then all studies should be conducted

OECD TG 221 or 239
OECD TG 245 and 247
OECD TG 245

10.2.7: Effects on aquatic macrophytes
10.3.1.1.1: Acute oral and contact toxicity to honeybees
10.3.1.2: Chronic toxicity to honeybees

Refer to Table 2, data point 8.2.7, only required for substances with herbicidal MoA
Base data
Conditional

May be triggered if acute studies indicate a higher toxicity > 10x of the formulated product

10.3.1.3: Effects on honeybee development and other OECD GD 239 (OECD, Conditional
honeybee life stages 2021) May be triggered if acute studies indicate a higher toxicity > 10x of the formulated product
10.3.2.1: Effects on Aphidius rhopalosiphi Mead-Briggs et al. Base data
(2000) Study conducted with formulated product
10.3.2.2: Effects on Typhlodromus pyri Bliimel et al. (2000) Base data

Study conducted with formulated product

OECD TG 222
OECD TG 232 and 226

10.4.1: Earthworm sub-lethal effects
10.4.2.1: Species level testing

Base data
Product study should be conducted with the most sensitive soil species (earthworm, Folsomia or

Hypoaspis)
If one species is not notably more sensitive, then all studies should be conducted

10.6.1: Non-target plants, summary of screening data

Base data

Present available screening data to confirm any herbicidal activity/WoE approach
Studies required if WoE shows potential herbicidal effects

10.6.2 Testing on non-target plants OECD 227 and 208

Conditional

Required if herbicidal MoA shown in screening data. Study conducted with formulated product
(see Table 2, data point 8.6.2)

Footnote to Table 3: Abbreviations: GD: guidance document; MoA: mode-of-action; OECD: Organisation for Economic Co-operation and Development; PPP: plant

protection product; TG: test guideline; WoE: weight-of-evidence.

[a] Numbers: data points in Part A of the Annex to Regulation 284,/2013 on data requirements for PPPs (European Commission, 2013b).
[b] See Commission communication 2013/C 95/02 (European Commission, 2013d) for list of test methods to fulfil the data requirements for PPPs implemented in
Regulation 284/2013 (European Commission, 2013b) and OECD (2025a) for most recent TGs.

should include all available relevant and reliable data including, e.g.
data from the peer reviewed literature, data generated for other regu-
latory purposes as well as QSAR and/or read-across predictions, as
applicable. If existing relevant and reliable data are not available (or not
sufficient for the assessment), ecotoxicity base studies should be con-
ducted in the relevant non-target species ([2] in Fig. 2; Table 2). By
contrast, studies should not be conducted in species for which there is no
potential for exposure and harm. Overall, the testing strategy should be
designed in compliance with the 3Rs principle to replace, reduce and
refine vertebrate animal testing (Russell and Burch, 1959; EP and
Council 2010).

The ecotoxicity base data focus on acute effects to establish, as a first
step, if the relevant non-target species are sensitive to the biochemical’s
MoA (Table 2). All ecotoxicity studies should be conducted at suitably
high concentrations or rates that exceed the environmental background
exposure levels and the estimated exposure from the application of the
product. For example, aquatic studies should be conducted up to the
limit dose of 100 mg active substance/L (as established, for example, in
the OECD TG 203 acute fish toxicity test; OECD, 2025a). Non-target
arthropods (e.g. parasitic wasps, predatory mites) should be assessed
at the maximum single application rate, while considering a possible
multiple application factor (ESCORT [European Standard Characteris-
tics Of non-target arthropod Regulatory Testing], 2000). This approach
of using high exposure concentrations, i.e. maximum hazard concen-
trations, is advised for microbial biochemical PPPs for which the
calculation of specific environmental densities of the microbe following
application is challenging due to uncertainty with respect to its multi-
plication and persistence under different environmental conditions.

If the ecotoxicity base data do not show adverse effects in the rele-
vant non-target species, this provides a good indication of low toxicity of
the biochemical. Nonetheless, the added value of performing condi-
tional (chronic) ecotoxicity studies should be determined according to
the properties of the biochemical, considering, for example, the scope
(problem formulation) of the risk assessment (Fig. 2).

To address the potential for prolonged exposure ([3] in Fig. 2), the
biochemical’s stability and likely rate of (bio-)degradation in the

relevant environmental compartment(s) should be assessed. Addition-
ally, chronic assessments may be relevant if the intended use of the
biochemical requires multiple applications so that prolonged exposure
could not be excluded. There is a range of OECD TGs to assess (bio-)
degradation. The selected (bio-)degradation methods should be appro-
priate for the type of biochemical and the relevant environmental
compartment. The selection of a method should be justified based on
technical feasibility of conducting the study, considering, for example,
the feasibility to generate radiolabelled test material or the instability of
the biochemical. If the biochemical (bio-)degrades rapidly and
completely into non-toxic substances (e.g. carbon dioxide, water), there
will be low potential for prolonged exposure or risk to non-target spe-
cies. Nonetheless, rapid (bio-)degradation alone does not negate the
need to address potential for chronic effects. Delayed effects may still
be relevant, as is often the case for dsRNA, and as such study duration
should be adapted to ensure latency of effects following an acute
exposure is evaluated. Also, the MoA may target specific life stages or
chronic effects, e.g. egg production, and so chronic studies would be
most relevant. To address such concerns, available relevant and reliable
data should be evaluated to determine whether the MoA may lead to
chronic effects ([4] in Fig. 2).

If, however, the ecotoxicity base data (Table 2) show adverse effects
in the relevant non-target species at concentrations below estimated
default (worst case) exposures from the intended application, relevant
environmental fate studies are required to refine the exposure esti-
mates ([5] in Fig. 2). Appropriate environmental fate studies, as dis-
cussed previously, should be conducted to assess (bio-)degradation,
persistence and mobility of the biochemical. Testing strategies should
focus on the relevant environmental compartments identified in the
problem formulation, and the testing methods should be appropriate for
the specific type of biochemical.

Further, if the ecotoxicity base data show adverse effects in the
relevant non-target species (and/or if the biochemical is not rapidly
degraded and/or if chronic effects from the MoA cannot be excluded),
relevant conditional (chronic) ecotoxicity studies should be con-
ducted ([6] in Fig. 2; Table 2). The conditional studies should focus on
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those non-target species in which adversity was seen in the base studies
and/or in which the biochemical may cause chronic effects on account
of its MoA. Conditional studies should always be selected following a
WoE approach to determine (1) if they are relevant for the biochemical
and non-target species; and (2) if the respective study is technically
feasible based on the physico-chemical properties of the biochemical.

Generally, the (base and conditional) ecotoxicological studies
(Table 2) are evaluated to calculate, as relevant, LDsq values or ECy
values (i.e. the effective concentration needed to achieve an x% change
from the control, such as ECy¢, ECy, ECs5¢) along with the corresponding
95 % confidence intervals, as well as no-observed effect concentrations /
levels (NOEC / NOEL). These values form the basis for classification (EP
and Council, 2008). Further, the values are used for risk assessment to
calculate risk quotients, such as the toxicity/exposure ratio or the hazard
quotient, and for hazard identification. In accordance with point 3.8 of
Annex II to the PPP Regulation, an active substance may only be
approved if the “risk assessment demonstrates risk to be acceptable... under
realistic proposed conditions of use” in accordance with the protection
goals laid down in Commission Regulation (EU) No 546/2011 as regards
uniform principles for the evaluation and authorisation of PPPs (European
Commission, 2011), and if it is not considered to have endocrine dis-
rupting properties that may cause adverse effects on non-target organ-
isms unless the exposure is negligible (EP and Council, 2009b). To
demonstrate acceptable risk, maximum residue levels are set in accor-
dance with Regulation (EC) No 396/2005 (EP and Council, 2005).
Further, in accordance with point 3.7 of Annex II to the PPP Regulation,
an active substance may only be approved if it is not considered to be
persistent, bioaccumulative and toxic in accordance with the criteria set
out in point 3.7 (EP and Council, 2009b).

Finally, studies with formulated end-use products (i.e. biochem-
ical PPPs) may be required to ensure that ecotoxicological properties of
the biochemical active substance are not changed by co-formulants. If
the co-formulants present in the formulated end-use product are inert (e.
g. water) and unlikely to change the properties of the formulated end-
use product, or if they are well characterised and/or exhibit a history
of safe use, it may be justified to waive studies with these formulated
end-use products. If the co-formulants have the potential to change
stability or bioavailability of the active substance, there may be the need
to further assess ecotoxicity of the formulated end-use product (Table 3).

2.3. Residues

The general data requirements related to residues in or on treated
products, food and feed are laid down in Section 6 of Part A of the Annex
to Regulation 283/2013 setting out data requirements for active sub-
stances (European Commission, 2013a). In general, residue trials are not
required for biochemical PPPs, and maximum residue levels in line with
Regulation (EC) No 396,/2005 (EP and Council, 2005; see also Box 1) do
not need to be established. This is usually the case where the
biochemical active substance and its residues satisfy one or more of the
following criteria:

e Low risk in line with Articles 22 and 47(1) of the PPP Regulation (EP
and Council, 2009b),

e Consumer exposure from the biochemical active substance in the PPP
is lower than or equivalent to consumer exposure to the naturally
occurring counterpart or to exposure from other uses in the food
chain,

e There is no consumer exposure expected.

These criteria are expected to be applicable to biochemical active
substances that have a narrow and specific MoA and/or that degrade
rapidly in the environment. In cases where the biochemical active sub-
stance is structurally similar and functionally identical to a naturally
occurring counterpart, toxicity data on the naturally occurring coun-
terpart can be used for read-across prediction.

Dietary risk assessments can often be conducted without the need for
specific residues trials by using worst case exposure estimates and
employing a WoE approach. This can include use of information from
other sources such as data on persistence, metabolic pathways, stability,
hydrolysis and efficacy trials as well as comparisons to exposures from
other sources. In the unlikely event that residue trials are required for
the biochemical active substance of interest, consideration should be
given to conducting only a limited number of residue trials on repre-
sentative crops to better understand any potential for human exposure.

2.4. Efficacy

The general data requirements related to the efficacy of PPPs are laid
down in Section 6 of Part A of the Annex to Regulation 284,/2013 setting
out data requirements for PPPs (European Commission, 2013b).
Generally, efficacy trials serve to establish the optimal conditions of use,
i.e. to provide guidance to the farmer on when, how and under which
conditions to use (or not use) the PPP.

According to the European and Mediterranean Plant Protection Orga-
nisation (EPPO) PP 1/214 Principles of acceptable efficacy (EPPO, 2025),
acceptable efficacy considers the balance between positive and negative
effects of the product in performing the desired plant protection activity.
The positive benefits include controlling the target pest and/or adverse
effects caused by it and potentially improving the quantity and/or
quality of crop yield. Negative impact of the product may include
development of resistance, phytotoxicity, reduction of quality or quan-
tity of yield, taint, transformation processes, damage to beneficial or-
ganisms, damage to succeeding or adjacent crops. The net result of the
positive and negative effects should be a sufficient overall benefit to
plant protection in order to justify the use of the product. The level of
benefit from the use of a product should be appropriate to the agronomic
setting in which the product will be used.

As regards acceptable efficiency, biochemical PPPs may only provide
partial control or contribute to control but not full control. Often, the
benefit is not measured as lethal dose to the pest, but as reduction of
damage to the harvestable portion of the crop. Biochemical PPPs may
also have more variable performance than would be expected for a
conventional chemical PPP in which case a linear dose-response rela-
tionship cannot be demonstrated. Nonetheless, a rationale for the dose
selected for the efficacy trial should be provided, and this may include
reference to preliminary laboratory (or glasshouse) studies examining
emission rates of target pests, effects on biology, etc. Any reduced per-
formance of the biochemical PPP should not in itself lead to refusal of
authorisation if the applicant can provide an explanation for why the
demonstrated efficacy might be sufficient to deliver a benefit. Indeed,
efficacy trials are normally not the bottle neck when it comes to
microorganism registration. For example, in the Evaluation manual for
the authorisation of biopesticides according to Regulation (EC) No 1107/
2009 of the Netherlands Board for the Authorisation of Plant Protection
Products and Biocides (Ctgb), it is stated: “Because of the lower associated
risk, there is more room for flexibility regarding the level of effectiveness and
variability for low-risk microbial products. In addition, there are other
characteristics that differ from conventional products” (Ctgb, 2021). This
premise should also apply to low-risk biochemical PPPs if appropriate
specificity and/or degradation is demonstrated.

Against this background, the following approach to efficacy testing
of biochemical PPPs is proposed:

The EPPO PP 1/296 Principles of efficacy evaluation for low-risk PPPs
(EPPO, 2025) should generally be used as default standard for
biochemical PPPs, if the active substances have been approved and lis-
ted as having low risk to human and animal health and the environment
in line with Articles 22 and 47(1) of the PPP Regulation (EP and Council,
2009b) and Commission Regulation (EU) 2017/1432 as regards the criteria
for the approval of low-risk active substances (European Commission,
2017). A minimum of six efficacy trials should be conducted on major
field crops and major pests. Normally, the data from two years should be
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provided. However, where justified with additional information to
ensure robust field performance including distribution of trials across
relevant EPPO zones, the efficacy trial data from one season may be
considered sufficient.

If standards are unavailable or unsuitable for the biochemical PPP of
interest (e.g. unavailability of a similar product class), the findings from
the efficacy trial should only be compared to the control. Wherever
possible, the reference product should be an existing authorised low-risk
product, and it should preferably have a comparable MoA. Whenever
this is not possible, an alternative conventional low-risk product may be
included in the trial; in this case, the biochemical PPP does not need to
show the same level of efficacy as the conventional reference product.
Finally, research and development trials that are not covered by the
EPPO PP 1/296 standard should preferably focus on the identification of
conditions of optimal use.

3. Conclusion and outlook

The CropLife Europe Scheme for Safety Testing and Assessment of
Biochemicals under the EU PPP Regulation (BiochemPPP-STAS) builds
upon the data requirements laid down in Regulations 283/2013 and
284/2013 for chemical active substances and PPPs, respectively
(European Commission, 2013a, 2013b). Also, the BiochemPPP-STAS
refers to provisions from the European Commission guidance docu-
ments on botanical active substances and semiochemicals used in PPPs
(European Commission, 2014, 2024a) where these are also applicable to
other types of biochemicals. This alignment with EU legislation and
guidance serves to enhance regulatory applicability of the BiochemPPP-
STAS.

Just as botanical active substances and semiochemicals, many other
types of biochemicals may also be target specific, may be used at con-
centrations close to those present in nature and may degrade rapidly.
Thus, many biochemicals can be expected to pose low or lower risk to
human health and the environment, and adaptations to the standard
data requirements are justifiable. The testing and assessment approach
that is selected for the biochemical active substance/PPP of interest
should be suitable and relevant to rule out safety concerns. This needs to
be agreed upon between applicant and rapporteur member state. The
proposed process resembles current negotiations regarding the extent of
testing necessary to comply with the PPP Regulation (EP and Council,
2009b). However, the starting point for negotiations related to bio-
chemicals does not represent the entirety of the standard data re-
quirements but a pre-selected subset that is expected to adequately
satisfy safety and use requirements. Starting from this base dataset,
additional or fewer studies may be required depending on the inherent
characteristics of the biochemical, its known natural chemistry, expo-
sure potential (Fantke et al., 2020; Bruinen de Bruin et al., 2022) and the
extent of information retrieved from literature searches and existing
data.

While the BiochemPPP-STAS has been aligned with EU legislation, it
describes the state-of-the-science hazard and risk assessment of
biochemical active substances/PPPs, and it is generic and non-
prescriptive. Therefore, the BiochemPPP-STAS can be adapted to fulfil
crop protection legislation implemented in other jurisdictions as well.
Also, the BiochemPPP-STAS aims at making best possible use of new
approach methodologies (Ball et al., 2022; Schmeisser et al., 2023),
thereby contributing to the internationally agreed paradigm to replace,
reduce and refine vertebrate animal testing (Russell and Burch, 1959; EP
and Council, 2010).

Case studies are currently under preparation, considering already
assessed and approved biochemical active substances, to provide a
proof-of-concept demonstrating the practical utility of the BiochemPPP-
STAS. Importantly, the authors suggest already using the BiochemPPP-
STAS, both for regulatory assessments and non-regulatory purposes, to
gain experience with it. Applicability of the BiochemPPP-STAS will be
facilitated by a detailed scientific dialogue between applicants and

regulators ahead of and during data generation in order to achieve a
consensus outcome for safety evaluation.

CRediT authorship contribution statement

Rosa Criollo: Writing — review & editing, Investigation, Writing —
original draft, Conceptualization. Marie-Noelle Douaiher: Writing —
review & editing, Investigation, Writing — original draft, Conceptuali-
zation. Orcun Giirkan: Writing — review & editing, Investigation,
Writing - original draft, Conceptualization. Julie Montagnac: Writing —
review & editing, Investigation, Writing — original draft, Conceptuali-
zation. Hanno Bothe: Writing — review & editing, Investigation, Writing
— original draft, Conceptualization. Sian Ellis: Writing — review &
editing, Investigation, Writing — original draft, Conceptualization. Sara
Lamperti: Writing — review & editing, Investigation, Writing — original
draft, Conceptualization. Jyotigna Mehta: Writing — review & editing,
Investigation, Writing — original draft, Conceptualization. Benjamin
Rignall: Writing — review & editing, Investigation, Writing — original
draft, Conceptualization. Ursula G. Sauer: Writing — review & editing,
Writing — original draft. Christian Strupp: Writing — review & editing,
Investigation, Writing — original draft, Conceptualization. Seamus
Taylor: Writing — review & editing, Investigation, Writing — original
draft, Conceptualization. Michael Werner: Writing — review & editing,
Investigation, Writing — original draft, Conceptualization.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Administrative support, article publishing charges and the fees for
writing assistance were provided by CropLife Europe. The employment
affiliation of the authors is listed on the cover page. Authors affiliations
do not imply competing financial interests or personal relationships that
could have appeared to influence the work reported in this paper. All
authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work
reported in this paper.

Acknowledgements

The authors wish to thank CropLife Europe (Brussels, Belgium) for
covering article publishing charges and the fees for writing assistance,
Stéphanie Nadzialek (CropLife Europe) for organisational support, and
CroplLife Europe Expert Groups for technical support. Also, the journal
editor and the three anonymous reviewers are thanked for their insight
and constructive comments that helped to improve the quality of this

paper.
Appendix A. Glossary

Active substances “are substances... which have general or specific ac-
tion against harmful organisms or on plants, parts of plants or plant products”
(adapted from European Commission, 2024a).

Adverse outcome pathway (AOP): “describes a sequence of events
commencing with initial interaction(s) of a stressor with a biomolecule within
an organism that causes a perturbation in its biology (i.e., molecular initi-
ating event, MIE), which can progress through a dependent series of inter-
mediate key events (KEs) and culminate in an adverse outcome (AO)
considered relevant to risk assessment or regulatory decision-making (...).
AOPs are typically represented sequentially, moving from one KE to another.
In this respect, AOPs define a series of measurable biological changes that can
be expected to occur if the perturbation is sufficiently severe (i.e., in terms of
potency, duration, frequency) to drive the pathway all the way to the AO”
(OECD, 2022; see also OECD, 2017b). “A method of visualising a chain of
events linked by causality that may lead to a harmful outcome for organisms
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or the environment” (EFSA, 2025a). In contrast to modes-of-action
(MoAs; see definition), AOPs are not substance-specific and, therefore,
do not include exposure or metabolism considerations. AOPs can help
address the biological plausibility of a MoA (ECETOC [European Centre
for Ecotoxicology and Toxicology of Chemicals], 2017).

Amino acid: “the constituent block that makes up proteins” (EFSA,
2025a; University of Hamburg, 2025).

Antibody: “a protein component of the immune system that circulates in
the blood, recognizes foreign substances like bacteria and viruses, and neu-
tralizes them. After exposure to a foreign substance, called an antigen, an-
tibodies continue to circulate in the blood, providing protection against future
exposures to that antigen” (NIH, 2025).

Background level: “Level of the Natural Substances that can be found in
a representative environment including, but not only, natural environments,
agro-ecosystems, or manufacturing sites. Where available, published litera-
ture on background levels of the Natural Substances and naturally occurring
amounts in the source used for extraction should be used” (Busschers et al.,
2023).

Benchmark dose (BMD): “is a dose level, estimated from the fitted
dose-response curve, associated with a specified change in response relative
to the control group (background response), the benchmark response (...).
The BMDL is the lower bound of the BMD's credible interval, and this value is
normally used as the RP [reference point]. The BMD approach is applicable
to all toxicological effects and makes use of all the dose-response data to
estimate the shape of the overall dose-response relationship for a particular
endpoint” (EFSA SC, 2022).

Biochemical active substances based on complex mixtures: The
active substance is based on a complex mixture such as a plant or mi-
crobial extract, or an extract from animal tissues. Either the crude
extract or a fraction that has been processed to some degree is used as
the active substance. The complex mixture may or may not be fully
characterised, depending on safe use history and existing knowledge.
Examples of such active substances are garlic extract and extract from
Lupinus albus (CropLife Europe working definition).

Biochemical active substances based on purified substances: The
active substance is derived from a complex mixture such as a plant
extract, animal extract or a fermentation product. The active substance
is obtained via different fractionation and purification methods. A pu-
rified substance does not necessarily need to be composed of a single,
isolated compound. It may be composed of a fraction of several related
compounds and requires full characterisation with the ratio of these
compounds being controlled via the manufacturing process. The puri-
fied substance may contain impurities (see definition) from the
manufacturing process. Examples of such purified active substances are
laminarin, geraniol and pheromones (CropLife Europe working
definition).

Biochemicals are substances that may originate from nature or that
are synthetically produced provided that they are structurally similar
and functionally identical to their naturally occurring counterparts
(CropLife Europe working definition; see also definitions for natural
substances [Busschers et al., 2023] and biologicals [BPIA, 2025]).

Biologicals “are naturally occurring compounds or synthetically derived
compounds that are structurally similar (and functionally identical) to their
naturally occurring counterparts” (BPIA, 2025).

Biopesticides may include e.g. microbial organisms, pheromones,
minerals, hormones and biochemicals. Only the latter are treated in this
article.

Chemical fingerprint (specific for complex mixtures) of a complex
biochemical active substance “is a spectroscopic and/or chromatographic
profile that is matched qualitatively and quantitatively against” that of a
reference batch or standard “to ensure the identity and quality of a sample

and consistency” from batch to batch (adapted from European Com-
mission, 2014).

Complex mixtures have many different constituents, some of which
may be unknown. The composition can be variable or difficult to pre-
dict. The name of a complex mixture is often given as a combination of
the starting material and the manufacturing process such as a fermen-
tation broth or the extract thereof.

Data interpretation procedure: “any fixed algorithm for interpreting
data from one or typically several information sources. The output of a data
interpretation procedure is typically a prediction of a biological effect of in-
terest. A data interpretation procedure is rule-based in the sense that is based
for example on a formula or an algorithm (e.g. decision criteria, rule or set of
rules) that do not involve expert judgment” (OECD, 2016).

Defined approach to testing and assessment: “consists of a fixed data
interpretation procedure (e.g. statistical, mathematical models) applied to
data (e.g. in silico predictions, in chemico, in vitro data) generated with a
defined set of information sources to derive a prediction. In contrast to the
assessment process within Integrated Approaches to Testing and Assessment
(IATA), that necessarily involves some degree of expert judgment, predictions
generated with defined approaches are rule-based and can either be used on
their own if they are deemed to fit-for-purpose or considered together with
other sources of information in the context of IATA” (OECD, 2016).

Dead cells and fermentation products: One or several microorgan-
isms are used to produce a varying biochemistry profile, the exact
biochemistry profile is dependent on the source of the fermentation
starting material (e.g. different batches of soy flour) and/or fermenta-
tion conditions. The fermentation product may be filtered to obtain as a
final product a concentrated broth without cells/spores. The final
product may also be unfiltered and contain dead cells or living cells if
they are not part of the MoA (CropLife Europe working definition). If the
final product contains living cells that are part of the MoA, then the Part
B data requirements under the PPP Regulation as well as corresponding
guidance documents such as European Commission SANCO/2020/12258
guidance on the risk assessment of metabolites produced by microorganisms
used as plant protection active substances (European Commission, 2024c)

apply.

Efficacy: “means a measure concerning the overall effect of the appli-
cation of a PPP on the agricultural system in which it is used (i.e. which
includes positive effects of treatment in performing the desired plant protec-
tion activity and negative effects such as development of resistance, phyto-
toxicity or reduction of qualitative or quantitative yield)” (European
Commission, 2013a).

Enzyme: “Proteins that help speed up the metabolism, or the chemical
reactions in our bodies. For example, they break down food aiding digestion,
transform chemical energy into mechanical energy enabling muscle
contraction, help build tissues and eliminate waste” (EFSA, 2025b).

Equivalence: “If the new source has the same or less harmful effects
within the meaning of Article 4(2) and (3) [of the PPP Regulation; EP and
Council, 2009b] due to its impurities compared to the reference source, then
the new source can be considered (eco)toxicologically equivalent to the
reference source” (European Commission, 2012).

Exposure assessment: “The process of estimating or measuring the
magnitude, frequency, and duration of exposure to an agent, along with the
number and characteristics of the population exposed. Ideally, it describes the
sources, pathways, routes, and the uncertainties in the assessment” (WHO
IPCS, 2004).

Good Laboratory Practice (GLP): “means a practice as defined in point
2.1 of Annex I to Directive 2004/10/EC of the European Parliament and of
the Council of 11 February 2004 [EP and Council, 2004] on the harmo-
nisation of laws, regulations and administrative provisions relating to the
application of the principles of good laboratory practice and the verification
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of their applications for tests on chemical substances” (EP and Council,
2009b).

Good Experimental Practice (GEP): “means a practice in accordance
with the provisions of European and Mediterranean Plant Protection Orga-
nisation (EPPO) Guidelines 181 and 152” (EP and Council, 2009b; for
EPPO Guidelines, see EPPO, 2025).

Harpin (protein): “is one of a class of proteins [see definition] produced
in nature by certain bacterial plant pathogens. It acts by eliciting a complex
natural defense mechanism in plants, analogous to a broad spectrum immune
response in animals” (US EPA, 2002). Generally, Harpin proteins are
derived from the Gram-negative bacteria, such as Erwinia amylovora.

Hazard identification: “The identification of the type and nature of
adverse effects that an agent has an inherent capacity to cause in an or-
ganism, system, or (sub)population. Hazard identification is the first stage in
hazard assessment” (WHO IPCS, 2004).

Hazard characterisation (dose-response assessment): “The qualitative
and, wherever possible, quantitative description of the inherent property of an
agent or situation having the potential to cause adverse effects. This should,
where possible, include a dose-response assessment and its attendant un-
certainties. Hazard characterization is the second stage in the process of
hazard assessment” (WHO IPCS, 2004).

Impurity “means any component other than the pure active substance
which is present in the technical material or formulated product... originating
from the manufacturing process or from degradation during storage”
(European Commission, 2024a).

Impurities, significant: “Impurities present in quantities of 1 g/kg or
more” (European Commission, 2013a).

Impurities, relevant: “Impurities that are particularly undesirable
because of their toxicological, ecotoxicological or environmental properties”
(European Commission, 2013a).

Integrated approach to testing and assessment (IATA): “Approach
based on multiple information sources that integrates and weights all relevant
existing evidence and guides the targeted generation of new data, where
required, to inform regulatory decision-making regarding potential hazard
and/or risk. An IATA necessarily includes a degree of expert judgement, for
example, in the choice of information sources and their weighting. Never-
theless, some of the IATA components, such as defined approaches to testing
and assessment, can be standardised (i.e. rule-based)” (OECD, 2016).

Integrated pest management “means careful consideration of all
available plant protection methods and subsequent integration of appropriate
measures that discourage the development of populations of harmful organ-
isms and keep the use of plant protection products and other forms of inter-
vention to levels that are economically and ecologically justified and reduce
or minimise risks to human health and the environment. ‘Integrated pest
management’ emphasises the growth of a healthy crop with the least possible
disruption to agro-ecosystems and encourages natural pest control mecha-
nisms” (EP and Council, 2009b).

Lead component concept (specific for complex mixtures): “In studies
performed with the technical grade it may be required to use one or more
component(s) as analytical lead substances (’lead component’ concept).
There can be different ’lead components’ used for different sections of the risk
assessment (e.g. metabolism, residues, environmental fate). The lead
component(s) that is/are used should be justified in terms of its/their prop-
erties and quantities in particular with regard to representativeness of bio-
logical activity. ...they may be substances which have been identified (e.g.,
from literature or in-house analysis) to be the source of potential effects. If the
lead component approach is required, validated analytical methods should be
made available in the dossier, as applicable” (European Commission,
2014).

Metabolites from microorganisms: “Any metabolic product of a

microorganism, present or formed either in contact with target organisms,
non-target organisms, or in the environment depending on biotic and/or
abiotic factors” (European Commission, 2024c).

Metabolite of potential concern: “Metabolite potentially produced by
the strain under assessment, where some indication of toxicity or antimi-
crobial activity has been identified in the initial assessment based on literature
and experimental data [ ...]. Further assessment is necessary to determine if a
metabolite of potential concern is of actual concern” (European Commis-
sion, 2024c).

Metabolite of concern: A metabolite produced by the strain under
assessment, with known toxicity or antimicrobial activity for which an
acceptable risk shall be demonstrated (adapted from European Com-
mission, 2024c¢).

Metabolite, relevant: “A metabolite is deemed relevant if there is a
reason to assume that it has intrinsic properties comparable to the parent
substance in terms of its biological target activity, or that it poses a higher or
comparable risk to organisms than the parent substance or that it has certain
toxicological properties that are considered unacceptable. Such a metabolite
is relevant for the overall approval decision or for the definition of risk
mitigation measures” (Article 32(2) of the PPP Regulation; EP and
Council, 2009b).

Microorganism is “arty microbiological entity, including lower fungi and
viruses, cellular or non-cellular, capable of replication or of transferring ge-
netic material” (EP and Council, 2009b).

Mode-of-action (MoA): “A biologically plausible sequence of key events
leading to an observed effect supported by robust experimental observations
and mechanistic data. A MoA describes key cytological and biochemical
events — that is, those that are both measurable and necessary to the observed
effect — in a logical framework™ (WHO, 2009). “A sequence of events,
identified by research, which explains an observed effect” (EFSA, 2025a);
see also definitions for adverse outcome pathway (AOP) and pathway to
harm.

Natural substances “consist of one or more components that originate
from nature, including but not limited to: plants, algae/microalgae, animals,
minerals, bacteria, fungi, protozoans, viruses, viroids and mycoplasmas.
They can either be sourced from nature or are nature identical if synthetised.
This definition excludes semiochemicals and microbials as defined by IBMA”
(Busschers et al., 2023).

Natural exposure “is the level of exposure that might occur in the envi-
ronment... independently from the use of plant protection products, thus [the
concentrations] expected to be encountered by humans and other non-target
organisms” (adapted from European Commission, 2024a).

Nature-derived substance: Synthetically derived substance that is
structurally similar and functionally identical to a naturally occurring
substance. The concept of a nature-derived substance only applies to
individual substances (e.g. chemical molecule, peptide, RNA molecule)
and not to cases where a complex mixture is considered the active
substance (CropLife Europe working definition).

Nature-identical substance: Synthetically derived substance that is
structurally and functionally identical to a naturally occurring substance.
The concept of a nature-identical substance only applies to individual
substances (e.g. chemical molecule, peptide, RNA molecule) and not to
cases where a complex mixture is considered the active substance
(CropLife Europe working definition).

New approach methodologies (NAMs): “include in silico approaches,
in chemico and in vitro assays, as well as the inclusion of information from
the exposure of chemicals in the context of hazard assessment. They also
include a variety of new testing tools, such as “high-throughput screening”
and “high-content methods” e.g. genomics, proteomics, metabolomics; as
well as some “conventional” methods that aim to improve understanding of
toxic effects, either through improving toxicokinetic or toxicodynamic
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knowledge for substances” (ECHA, 2016Db).

No-observed adverse effect level (NOAEL): “the highest dose tested in a
study without evidence of an adverse effect in the particular experiment, and
the next higher dose showing a (statistically) significant adverse effect is the
lowest-observed-adverse-effect-level (LOAEL)” (EFSA SC, 2022).

Pathway to harm: a chain of events that would cause adverse out-
comes to the relevant species (adapted from Hook et al., 2024).

Peptide: “A short chain of amino acids (typically 2 to 50) linked by
chemical bonds (called peptide bonds). A longer chain of linked amino acids
(51 or more) is a polypeptide” (NIH, 2025; see also University of
Hamburg, 2025). Peptide-based biochemical active substances may be
Harpin proteins (see definition), or they may act by binding as ligands to
proteins in target tissues to elicit changes in cellular chemistry. Another
example are antibodies, which are directed by the immune system
against species-specific antigens leading to impairment of vital function
in a target organism.

Pesticide: This term is sometimes used when referring to the PPP
(Bullets 1-4) and sometimes when referring to the active substance
(Bullets 5-6):

1. Article 3(10) in Directive 2009/128/EC on the sustainable use of
pesticides: “A pesticide means a plant protection product...” (EP and
Council, 2009a),

2. In the PPP Regulation, ‘pesticide’ is used twice, i.e. (1) Article 3(8):
“’non-chemical methods’ means alternative methods to chemical pesti-
cides for plant protection and pest management...”; and (2) Article 3
(14): ““vulnerable groups’ means persons needing specific consideration
when assessing the... health effects of plant protection products. These
include... workers and residents subject to high pesticide exposure over the
long term” (EP and Council, 2009b).

3. Health and Safety Executive, United Kingdom: “Pesticides, also known
as 'plant protection products’ (PPP), are used to control pests, weeds and
diseases” (HSE, 2025),

4. EFSA homepage on pesticides: “The term ‘pesticides’ is commonly used
as a synonym for plant protection products. However, ‘pesticides’ is a
broader term that also covers products such as biocides...” (EFSA,
2025c),

5. By contrast, EFSA Glossary: pesticide is the “substance used to kill or
control pests...” (EFSA, 2025a),

6. US Code: “The term ‘pesticide’ means (1) any substance or mixture of
substances intended for preventing, destroying, repelling, or mitigating
any pest, (2) any substance or mixture of substances intended for use as a
plant regulator, defoliant, or desiccant, and (3) any nitrogen stabilizer”
(US Code, 2013).

Plant protection products (PPPs): “Products used to protect, preserve or
influence the growth of desirable plants or to destroy or control the growth of
unwanted plants or parts of plants” (EFSA, 2025a).

Protein: A type of molecule composed of complex strings of amino
acids containing elements such as carbon, hydrogen, nitrogen and ox-
ygen. As compared to peptides (see definition), proteins generally have
more than 50 combined amino acids and/or a molecular mass of
approximately 10,000 g/mol (Dalton) or more (adapted from [UPAC,
2006; US EPA, 2021; Peptides Guide, 2024; EFSA, 2025a; NIH, 2025).
“Each protein contains one or more polypeptide chain. The chemical prop-
erties and order of the amino acids determines the structure and function of
the polypeptide. Each of these polypeptide chains is made up of amino acids,
which are joined together in a detailed, deliberate and specific order”
(Peptides Guide, 2024). Specifically, proteins have a primary structure,
i.e. “the sequence of a chain of amino acids”, a secondary structure, which
“occurs when the sequence of amino acids folds into a three-dimensional
shape” and a tertiary structure, which “occurs when a mature protein
folds upon itself’; further, the quaternary protein structure applies to

proteins “consisting of more than one polypeptide chain” (NIH, 2025).

(Quantitative) structure activity relationship model: “is a model that
predicts the property of a substance using as input information on the
structure” (OECD, 2023a).

Rapporteur Member State “means the Member State which undertakes
the task of evaluating an active substance, safener or synergist” (EP and
Council, 2009b).

Read-across “is regarded as a technique for predicting endpoint infor-
mation for one substance (target substance), by using data from the same
endpoint from (an)other substance(s), (source substance(s))” (ECHA,
2017).

Reference source(s): “This is the source(s) on which the risk assessment
in the Draft Assessment Report was based and for which a regulatory decision
has been taken by the Commission. More than one reference source can exist
if different applicants submit complete dossiers for Annex I inclusion. In cases
where an active substance is included in Annex I without a harmonised
reference specification, first of all a reference specification needs to be
established according to SANCO/6075/2009“ (European Commission,
2012). The cited guidance SANCO/6075/2009 refers to the Draft guid-
ance document on the finalisation of the reference specification for technical
active substances after the peer review (European Commission, 2009).

Residues: “Means one or more substances present in or on plants or plant
products, edible animal products, drinking water or elsewhere in the envi-
ronment and resulting from the use of a plant protection product, including
their metabolites, breakdown or reaction products” (EP and Council,
2009b).

Risk assessment: “A process intended to calculate or estimate the risk to
a given target organism, system, or (sub)population, including the identifi-
cation of attendant uncertainties, following exposure to a particular agent,
taking into account the inherent characteristics of the agent of concern as well
as the characteristics of the specific target system” (WHO IPCS, 2004).

Risk characterisation: “The qualitative and, wherever possible, quanti-
tative determination, including attendant uncertainties, of the probability of
occurrence of known and potential adverse effects of an agent in a given
organism, system, or (sub)population, under defined exposure conditions”
(WHO IPCS, 2004).

Risk management: “Decision-making process involving considerations of
political, social, economic, and technical factors with relevant risk assessment
information relating to a hazard so as to develop, analyse, and compare
regulatory and non-regulatory options and to select and implement appro-
priate regulatory response to that hazard. Risk management comprises three
elements: risk evaluation; emission and exposure control; and risk moni-
toring” (WHO IPCS, 2004).

RNA-based pesticides mostly include dsRNA as the active ingredient;
dsRNA trigger RNAI, which is a naturally occurring process that involves
targeted RNA-directed gene silencing and hence suppression of protein
production. This elicits a specific effect, such as protection from viruses
or pests or the development of certain traits in the crop (for review of
dsRNA-based biochemical PPPs, see Fletcher et al., 2020; De Schutter
et al., 2022).

Semiochemicals are “substances or mixtures of substances emitted by
plants, animals, and other organisms that evoke a behavioural or physio-
logical response in individuals of the same or other species” (European
Commission, 2024a).

Similarity may be established based upon (amongst other aspects):
(1) “common functional group(s) (e.g. aldehyde, epoxide, ester, specific
metal ion)”, (2) “an incremental and constant change across the category (e.
g. a chain-length category)”; (3) “the likelihood of common precursors and/
or common breakdown products via physical or biological processes, which
result in structurally similar chemicals (e.g. the metabolic pathway approach
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of examining related chemicals such as acid/ester/salt)” (ECHA, 2008;
same wordings in OECD, 2014a).

Substance of concern “means any substance which has an inherent ca-
pacity to cause an adverse effect on humans, animals or the environment and
is present or is produced in a plant protection product in sufficient concen-
tration to present risks of such an effect. Such substances include, but are not
limited to, substances meeting the criteria to be classified as hazardous in
accordance with Regulation (EC) No 1272/2008 of the European Parlia-
ment and of the Council of 16 December 2008 on classification, labelling and
packaging of substances and mixtures [EP and Council 2008], and present
in the plant protection product at a concentration leading the product to be
regarded as dangerous within the meaning of Article 3 of Directive 1999/45/
EC [EP and Council, 1999]” (EP and Council, 2009b).

Technical grade (active substance) “produced from the defined source
(s) and by the described manufacturing processes, is the ‘active substance’ in
the sense of the EU PPP Regulation (EC) No 1107/2009" (European
Commission, 2014).

Technical material: May be one single active substance or represent a
complex mixture of components of which all or only some are biologi-
cally active; also, a combination of the components could be responsible
for the biological activity. In the former, the guidance SANCO/10597/
2003 on the assessment of the equivalence of technical material
(European Commission, 2012) applies. In the latter, the SANCO/11470/
2012 on botanical active substances used in PPPs (European Commis-
sion, 2014) applies.

Threshold of toxicological concern (TTC): “A pragmatic risk assess-
ment tool that is based on the principle of establishing a human exposure
threshold value for all chemicals, below which there is a very low probability
of an appreciable risk to human health” (Kroes et al., 2004; EFSA SC,
2019).

Weight-of-evidence (WoE): “The extent to which evidence supports
possible answers to a scientific question”. Accordingly, the WoE evaluation
is “a process in which evidence is integrated to determine the relative support
for possible answers to a scientific question” (EFSA SC, 2017).

Appendix B. Further details on the application of the
BiochemPPP-STAS

Appendix B presents further details on how the BiochemPPP-STAS
may be applied to support the approval procedure for biochemical
active substances and biochemical PPPs under the PPP Regulation (EP
and Council, 2009b). To facilitate applicability of the BiochemPPP-STAS
in the EU, these details include contents from the European Commission
guidance documents for botanical active substances used in PPPs and
semiochemical active substances and PPPs, respectively (European
Commission, 2014, 2024a), if applicable to other types of biochemicals
as well.

B.1. General elements of the approval procedure

B.1.1. Pre-submission consultation with the competent authority

It is recommended that applicants request a pre-submission consul-
tation with the Competent Authority from the rapporteur member state.
This meeting also serves to discuss suggested adaptations to the general
data requirements and alternative approaches to fulfil specific data re-
quirements at an early stage. As an outcome of the pre-submission
consultation, the Competent Authority can advise on the data required
for dossier preparation and related risk assessments. Nonetheless, this
does not preclude that additional information to address specific ques-
tions can be requested to complement the dossier at later stages of the
peer review (European Commission, 2014).

The details on the pre-submission consultation provided in the
guidance document on botanical active substances used in PPPs

(European Commission, 2014) are equally applicable for biochemical
active substances: “Applicants are encouraged to request a pre-submission
consultation with the Competent Authority, particularly if they are not
familiar with the regulatory system. The main objective of pre-submission
meetings is to discuss the information requirements and regulatory
approach. Although the data requirements are laid down in legislative doc-
uments, applicants may need some guidance on how to interpret these data
requirements and whether studies, published literature and/or a reasoned
approach can be accepted. It is up to the applicant to submit the relevant
information” (European Commission, 2014).
“Information is recommended to include the following:

e The standard GAP (good agricultural practices) table for active sub-
stances [...] and a draft label,

e The specification of the ‘[biochemical] active substance’ [...],

e The composition of the product listing all the ingredients and their pro-
portions or amounts,

e A [...] description of manufacturing information (specific details on how
the product is made... [as well as consistency maintained and origin of
impurities]), and

e A summary on the health, environmental and efficacy data and related
risk assessments” (European Commission, 2014).

“Information that normally should be considered confidential is listed in
Article 63 of Regulation (EC) No 1107/2009” (European Commission,
2014).

“If applicable and when available, the information should also include:

o “International regulatory status,

“Other relevant information, such as summaries” of available evidence
and/or data on the potential human and animal health, product ef-
ficacy data and related risk assessments,

e “Historical use information including other established uses of the pro-
posed [biochemical] active substance (e.g. in food, animal feed, cos-
metics or medicines)”,

“Natural background levels in plants and the environment (e.g. in crop or
animal food items, in soil),

e “Safety Data Sheets (SDS)” (European Commission, 2014).

B.1.2. Fulfilment of data requirements and dossier preparation

Data requirements should be fulfilled in line with the outcome of the
pre-submission consultation, and a dossier should be prepared to request
approval of the biochemical active substance / biochemical PPP under
the PPP Regulation: “All information necessary for hazard identification
and exposure assessment should be provided... Applicants are advised to
follow up all action points agreed upon in any pre-submission meeting and
that the necessary information and assessments are included in the dossier”
(European Commission, 2024a).

“In general, data requirements can be fulfilled by submitting studies, a
reasoned approach and/or relevant literature. If applicants submit relevant
literature, they should make clear reference to the specific data requirements
which are... addressed by this literature. Where scientific literature is pro-
vided it should have been searched and selected without bias and determined
as 'reliable’. In this respect the EFSA guidance on submission of scientific peer
reviewed open literature applies (EFSA, 2011; see also Article 8(5) of
Regulation (EC) No 1107/2009)” (European Commission, 2024a).

“When providing technical reports/studies on the properties, [efficacy]
or safety of the [biochemical] active substance with respect to human or
animal health and the environment..., tests and analyses... in accordance
with the principles of Good Laboratory Practice (GLP) and Good Experi-
mental Practice (GEP) according to the provisions in Article 3(19)(20) of
Regulation (EC) No 1107/2009 [are preferred]. However, the GLP- and
GEP-[preference] does not apply to studies reported in literature”
(European Commission, 2014).

«...Test methods should be those specified in Commission Communica-
tions 2013/C 95/01 and 2013/C 95/02 [for active substances and PPPs,
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respectively; European Commission, 2013c, 2013d]. Any other methods
used or deviations from the methods should be justified. Where the identity of
the test substance or material has not been adequately specified, or its stability
in dosing vehicles or solvents used is questionable, the impact on the validity/
reliability and usefulness of the test or study has to be assessed” (European
Commission, 2014).

The conditions for data waiving laid down in Point 1.5 of the
Introduction to the Annex to Regulation 283/2013 (European Com-
mission, 2013a; Box 1) may be particularly relevant for biochemical
active substances. “If argumentation (i.e. a scientific rationale [for data
waiving]) is based on historical — and documented — use, a comparison
should be provided of the exposure for the intended use compared to the
documented use. The chemical composition of the [biochemical] active
substance should be comparable to those historically used taking into
consideration natural variation” (European Commission, 2014); see Sec-
tion B.1.3 below for further details on consideration of documented uses
and exposure.

“For [biochemical] active substances lacking a substantially reported
history of use or for [biochemical] active substances whose intended use
levels will significantly exceed historical use or background exposure levels,
the assessment has to rely on basically the same set of data as for synthesised
chemical active substances in PPPs (default approach) with options for
scientifically justified deviations from data requirements” (European Com-
mission, 2014).

Special considerations may be relevant when fulfilling data re-
quirements for complex biochemical active substances: “Studies shall
usually be conducted with the technical grade although use of single com-
ponents where more appropriate for a study can also be considered. Studies
conducted with single components of concern could be useful for supporting
the evaluation to predict how the [complex biochemical] active substance
might behave” (European Commission, 2014).

“Extrapolating from one [complex biochemical] active substance to
another with respect to the same or similar component(s) of (eco)toxico-
logical concern (read-across [ECHA, 2017]) can only be considered when
accompanied by evidence of their composition with respect to the particular
substance of concern. Application of non-testing methods (e.g. the use of
validated (Q)SAR models [OECD, 2023a] and TTC models [Kroes et al.,
2004; EFSA SC, 2019]) could also be taken into account when doing the
assessment. Since it is often not possible to radiolabel [complex biochem-
ical] active substances, it may not be technically feasible to perform studies
based on radioactive detection” (European Commission, 2014). Studies
using radiolabelled biochemicals are likely only required in exceptional
cases, i.e. where data on the route of metabolism are needed for the risk
assessment. In such exceptional cases, the study design may need to be
adapted to the specific type of biochemical to enable the generation of
relevant scientific data.

B.1.3. Consideration of documented uses and exposure

The recommendations to consider documented uses of biochemical
active substances and exposure to these are aligned with the corre-
sponding section in the guidance document for botanical active sub-
stances used in PPPs (European Commission, 2014).

Since many biochemical active substances are of natural occurrence,
“human and environmental exposure to many of them is frequent in the
natural environment. Quantification of this exposure may be complex.
However, there are some substances, for which there are [...] documented
exposure assessments.

“To consider what levels of exposure are common for humans and the
environment, the following types of questions should be addressed:

“What is the nature and the level of 'common background exposure’,
“Is there a history of safe use, if so for what use and how is it documented,
e “Reported adverse effects and nature and level of exposure in the reported
incidents,

o [..]

“It is proposed that the history of use of a [biochemical active sub-
stance] in plant protection or for other purposes, and which is documented,
shall be adequately considered. This includes the use of information from the
‘peer reviewed’ open literature and from other reliable public sources. Ac-
count should be taken for comparability of [source] and manufacturing
process; if these are not similar, a justification should be made to explain why
an extrapolation is reasonable. Details of exposure from natural and other
background levels such as the concentration and duration of exposure must be
considered (e.g. environmental, cosmetic and nutritional uses). Bridging of
information from similar [biochemicals] should be encouraged, but the
relevance must be justified by the applicant in each case. Reference to natural
or historical exposures may need to take into account the source or specifi-
cation of the material to consider possible differences in the nature of the
proposed [biochemical] material and the material which has a natural (or
other form of background) exposure. Reasoned cases should be based on
comparability of exposure related to dose, natural concentrations (e.g. in
food), background levels, and application pattern. Which data requirements
can be fulfilled by such data should be discussed in a pre-submission meeting
with evaluators of a competent authority.

“The following provides an indication how information from existing use
could be considered in risk assessment:

e Documented use in human nutrition (food or food additives [...]) at
similar [or higher] concentrations may provide justifications to replace
some or all oral toxicity and residue studies.

Documented use in animal feeding at similar [or higher] concentrations
may provide justifications to replace some or all oral toxicity and residue
studies.

Documented use in cosmetics may provide justifications to replace some
or all dermal irritation/sensitisation and oral toxicity studies.

[...]

Documented use in pharmacopoeia (called 'original use’ in this context)
may provide justifications to replace studies on a case-by-case basis.
Documented use as a biocide may provide justifications to replace studies
on a case-by-case basis.

Documented technical use (e.g. oils) may provide justifications to
replace studies on a case-by-case basis.

Documented use in traditional gardening and agriculture may provide
justifications to replace some or all residues, ecotoxicology and environ-
mental fate studies, but these need to be verified case-by-case” (European
Commission, 2014).

Further, documented use from a structurally similar but func-
tionally identical biochemical active substance may provide justifi-
cations to replace some or all studies, e.g. if structures of RNA- or
peptide-based active substances were slightly altered to mitigate
resistance.

B.2. Identity and physico-chemical properties of the biochemical active
substance

The standard data requirements to describe the identity of an active
substance and its physico-chemical properties are laid down in Sections
1 and 2 of Part A of the Annex to Regulation 283/2013 (European
Commission, 2013a). The below considerations on how these standard
requirements may be adapted to specific biochemical active substances
are aligned with the corresponding sections in the guidance documents
on botanical active substances and semiochemicals, respectively
(European Commission, 2014, 2024a).

“For all submissions, data requirements on [substance] identity should be
addressed. Physical and chemical properties should be addressed as far as
needed for the specific purpose (e.g. analytical methods, to perform a risk
assessment, classification and labelling” (European Commission, 2024a). A
sufficient characterisation of the biochemical active substance is
important to determine how specific (eco)toxicological data re-
quirements may be fulfilled (e.g. by literature reviews, read-across and
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WoE approaches).

For plant extracts, Regulation 283/2013 explicitly allows for de-
viations from the standard requirements for substance identification,
and these deviations are equally applicable for biochemical active sub-
stances. Specifically, the qualification “for plant extracts, a different
approach may be taken and adequately justified “ is included in these points
in Section 1 of Part A of the Annex to Regulation 283/2013 (European
Commission, 2013a):

e Point 1.7: “The molecular formula, molar mass and structural formula of
the active substance, and where relevant, the structural formula of each
isomer present in the active substance, shall be provided”,

Point 1.9: “The minimum content in g/kg of pure active substance in the
manufactured material used for production of plant protection products,
shall be reported”,

Point 1.10: “The minimum and maximum content in g/kg of each ad-
ditive shall be provided. The maximum content in g/kg of each further
component other than additives shall also be provided”, with details on
significant and relevant impurities provided in Point 1.10.2 and 1.10.3,
respectively.

“In addition, under Point 1.11 [Analytical profile of batches], it is
stated that at least ‘five representative batches from recent and current
industrial scale production’ of the active substance shall be analysed for
content of pure active substance, impurities, additives and each further
component other than additives, as appropriate. ‘For plant extracts and
semiochemicals’ [...], justified exemptions can be made. In the framework
of this document the term “batches” is generally replaced by “sample” to take
into account situations, when the production process does not allow sampling
of distinct batches (e.g. continuous production). Also, regarding Point 6.2
(metabolism, distribution and expression of residues) for plant extracts, a
different approach may be taken and adequately justified”
(EuropeanCommission, 2014).

Finally, detailed information on the manufacturing process also
forms part of the specification of the biochemical active substance.
Relevant information on the method(s) of manufacture of the
biochemical active substance may include:

e Information on raw materials and technologies entering the
manufacturing process,

e Details of the extraction processes, if relevant,

e Details of any purification/concentration processes,

e Details on any by-products of manufacturing process,

e Information on quality control procedures and contaminants
(adapted from European Commission, 2014).

Since confidentiality in accordance with Article 63 of the PPP
Regulation (EP and Council, 2009b) may apply, relevant information
should be provided in the confidential sections of the dossiers.

B.2.1. Technical equivalence

Technical material may be one single active substance, or it may
represent a complex mixture of components of which all or only some
are biologically active; also, a combination of the components could be
responsible for the biological activity. If the technical material is a single
active substance, the European Commission SANCO/10597/2003
Guidance Document on the assessment of the equivalence of technical ma-
terials of substances regulated under Regulation (EC) No 1107/2009
(European Commission, 2012) applies. If it is a complex mixture, the
guidance on botanical active substances used in PPPs (European Com-
mission, 2014) applies (Section B.2.2).

Assessments of the technical equivalence of technical material as
compared to the reference source should be considered if any of the
following conditions apply:

1. When technical material comes from a new/different manufacturer
other than the applicant of the reference specification.

2. When the production is switched from a pilot scale to an industrial
scale commercial production [...]

3. “When there is a change of the manufacturing location”, when one or
more alternative manufacturing locations (production sites) are
added, or when there is a change in the manufacturing process
(adapted from European Commission, 2014).

“By the comparison of the specification(s) which have been concluded
and agreed on for the reference source(s) with the corresponding specifica-
tions for new sources or changes to those already assessed, technical materials
can be considered as equivalent or not equivalent regarding their hazard
potential or certain data gaps can be identified where further toxicological
and ecotoxicological testing is needed” (European Commission, 2012).

B.2.2. Composition of technical material representing a complex
biochemical active substance

Biochemical technical material consisting of e.g. dead cells and
fermentation material are likely (more or less) complex mixtures, which
may further exhibit sample-to-sample variability regarding the range of
compounds present in the mixture: “Any combination of these components
could be responsible for the biological activity of a [biochemical] PPP. To
assure consistent quality and to define” the dead-cell and fermentation
material active substance, the composition of the technical grade should
be analysed and determined by a suitable methodology (see Appendix B,
Section B.4, for details on analytical methods). Where applicable, the
content should be specified based on biological activity. “This charac-
teristic profile is then the [chemical or] genomic fingerprint of the technical
grade” (adapted from Section Composition of the botanical material in
European Commission, 2014).

Since confidentiality in accordance with Article 63 of the PPP
Regulation (EP and Council, 2009b) may apply, relevant information
should be provided in the confidential sections of the dossiers.

B.3. Biological properties and data on application

The information on the biological properties and application of the
biochemical active substance addresses its intended use, its function and
effects on harmful organisms as well as its MoA. This information cor-
responds to the data requirements set out in Section 3 (Further infor-
mation on the active substance) of Part A of the Annex to Regulation
283/2013 (European Commission, 2013a), and it is crucial to support
the identification of those (eco)toxicological data requirements that are
necessary to conclude on the safety of the biochemical active substance.

The MoA of a biochemical active substance should be explained in
terms of its function against the target organism. “The biology of the target
organism(s), including information on the nature and specificity” of the
activity against the target organism, and information on “possible effects
or their absence on non-target organisms” (European Commission, 2024a)
should be fully described and used to justify the risk assessment strategy.
Additional data can be required, alternative approaches can be
accepted, and studies can be required or waived depending on the
specificity of the MoA. Also, “details on the product, the method of appli-
cation and factors affecting the way the PPP should be used (e.g. weather,
landscape, adjacent fields/structures) should be fully described” (European
Commission, 2024a); see Section B.1.2 for further details on the fulfil-
ment of data requirements.

B.4. Analytical methods

In line with Section 4 of Part A of the Annex to Regulation 283/2013
setting out data requirements for active substances (European Com-
mission, 2013a), analytical methods include (1) methods used for the
generation of pre-approval data such as the setup of specification and
identification; (2) methods for risk assessment; and (3) methods for post-
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approval control and monitoring purposes. Below, the considerations for
biochemical active substances are aligned with the corresponding sec-
tion in the guidance document on semiochemicals (European Commis-
sion, 2024a):

“With regards to the analytical methods for the active substance in the
technical grade [...] and in the formulation, the data requirements (Regu-
lation (EU) No 283/2013 and (EU) No 284/2013 [European Commission,
2013a, 2013b]) apply. Where the exposure (by the same route) from the use
of the PPP is similar (within one order of magnitude) to natural exposure
levels of the [biochemical active substance], the risk characterisation is
concluded. For that compartment no further information as regards analyt-
ical methods for post-authorisation monitoring purposes is needed, though
analytical methods supporting any pre-authorisation experiments provided in
submissions apply” (European Commission, 2024a).

The further details on analytical methods are aligned with relevant
provisions from the section Identification, characterisation and analyses
(subsection Composition of the botanical material) of the guidance docu-
ment on botanical active substances (European Commission, 2014).
Biochemical active substances based on mixtures of naturally occurring
components “may be expected to be variable [in wider range] in compo-
sition.... To assure consistent quality and to define” the biochemical active
substance, the composition of the technical grade should be analysed
and determined “by a justified suitable method such as chromatographic
techniques in combination with spectroscopic techniques using a suitable
reference sample or standard” [footnote citing European Commission,
2019]. The purity of active components should be stated. “New analytical
methodology and modifications to existing methodology should be used when
they are considered to offer additional quality. This characteristic profile is
then the chemical fingerprint of the technical grade. If required, in accordance
with Article 12(3) of Regulation (EC) No 1107/2009, an applicant will need
to provide reference samples and analytical standards used for the
biochemical active substance identification to a Community reference labo-
ratory” (European Commission, 2014).

B.5. Exposure assessment: operator, worker, bystander, resident safety

The considerations regarding exposure assessment are aligned with
the corresponding section of the guidance document on botanical active
substances used in PPPs (European Commission, 2014): “The exposure
assessment for operators, workers, bystanders and residents is always
necessary. An assessment of potential occupational and bystander exposure
during and following application of a product will be based on the proposed
use pattern. The information required includes:

i) description of typical practices for individuals applying the product,
such as the amount of active substance handled and the site, timing,
and method of mixing/loading and application [estimating the
exposure];

ii) description of the type, frequency and duration of any activities where
post-application exposure could occur; and
iii) description of the potential for exposure to bystanders, particularly in
nearby residential communities, schools or recreational areas.

“In principle the standard approaches outlined in the relevant regulations
should be followed” or adapted accordingly. When appropriate, specific
exposure assessment models may be used with justified input parame-
ters to assess the risks to operators, workers, bystanders and residents.

B.6. Mammalian toxicology

The general data requirements related to toxicological and meta-
bolism studies for active substances are laid down in Section 5 of Part A
of the Annex to Regulation 283/2013 (European Commission, 2013a).
Below, the specific considerations on the hazard identification of
biochemical active substances are aligned with the corresponding sec-
tion of the guidance document on botanical active substances used in

PPPs (European Commission, 2014); see Appendix B, Section B.1.2, for
general aspects related to the fulfilment of data requirements.

Depending on the biochemical active substance and its uses
(Appendix B, Section B.1.3 and B.3), there may be “sufficient documented
knowledge” to inform hazard, and this information “should be used to
avoid unnecessary animal testing”. Potentially relevant information may
include information from epidemiological studies or food consumption
studies documenting that “similar exposures to known levels of the... active
substance by the same routes have occurred in large population groups
[historically] without adverse effects” (European Commission, 2014).

If the biochemical active substance has already been evaluated under
other regulatory frameworks, “it may be possible to use data derived from
biocidal use, medical use or epidemiological studies, or any other data on
possible adverse health effects, either anecdotal or on the basis of case reports
of” [poisoning] (e.g. data related to toxicity on livestock animals). Refer-
ence values and good quality assessments from other regulatory frameworks
may be taken into account if the basis for the derivation of these thresholds
can be assessed” (European Commission, 2014). Similarly, data re-
quirements may be fulfilled using relevant information from the pub-
lished literature.

In most jurisdictions, “limitations regarding the use of human data”
apply. In general, “no tests and studies involving the deliberate adminis-
tration of the active substance or the PPP to humans with the purpose of
determining a human ‘no observed effect level’ of an active substance should
be contained in the dossier. However, this should not prevent the use of
available data from e.g. clinical studies if the [...] active substance is used in
human medicine" (European Commission, 2014).

Appendix C. Supplementary material

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.envint.2025.109675.
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