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Abstract
The European environmental risk assessment (ERA) of plant protection products follows a tiered approach. The approach for

soil invertebrates currently consists of two steps, starting with a Tier 1 assessment based on reproduction toxicity tests with

earthworms, springtails, and predatory mites. In case an unacceptable risk is identified at Tier 1, field studies can be conducted

as a higher‐tier option. For soil invertebrates, intermediate tiers are not implemented. Hence, there is limited possibility to

include additional information for the ERA to address specific concerns when the Tier 1 fails, as an alternative to, for example, a

field study. Calibrated intermediate‐tier approaches could help to address risks for soil invertebrates with less time and resources

but also with sufficient certainty. A multistakeholder workshop was held on 2–4 March 2022 to discuss potential intermediate‐tier

options, focusing on four possible areas: (1) natural soil testing, (2) single‐species tests (other than standard species), (3) assessing

recovery in laboratory tests, and (4) the use of assembled soil multispecies test systems. The participants acknowledged a large

potential in the intermediate‐tier options but concluded that some issues need to be clarified before routine application of these

approaches in the ERA is possible, that is, sensitivity, reproducibility, reliability, and standardization of potential new test systems.

The definition of suitable assessment factors needed to calibrate the approaches to the protection goals was acknowledged.

The aims of the workshop were to foster scientific exchange and a data‐driven dialog, to discuss how the different approaches

could be used in the risk assessment, and to identify research priorities for future work to address uncertainties and strengthen

the tiered approach in the ERA for soil invertebrates. This article outlines the background, proposed methods, technical

challenges, difficulties and opportunities in the ERA, and conclusions of the workshop. Integr Environ Assess Manag 2024;20:

780–793. © 2023 The Authors. Integrated Environmental Assessment and Management published by Wiley Periodicals LLC on

behalf of Society of Environmental Toxicology & Chemistry (SETAC).

KEYWORDS: Calibration; Risk assessment; Soil organisms; Test development; Tiered approach

BACKGROUND
Soils represent the basis for agricultural production and

food security, and are a habitat for a multitude of soil or-

ganisms that contribute to various ecosystem services, for

example, nutrient cycling, water regulation, and carbon
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sequestration (Creamer et al., 2022; Reid et al., 2005). The

protection of soil health is highly important for humankind,

as the degradation of soils caused by, for example, erosion,

salinization, pollution, loss of organic matter (OM), and soil

sealing can have a direct and detrimental impact on agri-

cultural production. An environmental risk assessment (ERA)

is conducted prior to the authorization of plant protection

products (PPPs) to ensure that no unacceptable effects

occur on the environment (European Commission

[EC], 2009). In Europe, the current ERA scheme for soil in-

vertebrates assesses the risks for soil organisms in‐field and

follows mainly a two‐step approach. The Tier 1 ERA is

conducted using laboratory toxicity tests with the standard

soil invertebrate species Eisenia fetida or Eisenia andrei

(earthworm), Folsomia candida (springtail), and Hypoaspis

aculeifer (predatory mite) (EC, 2013a, 2013b). These labo-

ratory tests follow the standard Organization for Economic

Co‐operation and Development (OECD) test guidelines

222, 232, and 226 (Organization for Economic Co‐operation

and Development [OECD], 2004, 2008, 2009, respectively),

and are conducted in an artificial soil into which the test

substances are homogeneously mixed. The derived end-

points describe changes in survival, reproduction, and

growth of tested organisms (the latter only for earthworms),

exposed to the chemicals. For the ERA, the so‐called no

observed effect concentrations (NOECs) as well as the effect

concentration reducing the measured endpoint by 10%

(EC10) are compared to predicted environmental concen-

trations in soil (PECsoil). The PECsoil is derived from the

proposed application rate, and considering a soil layer of

0–5 cm thickness, a soil bulk density of 1.5 g/cm3, and it

includes interception values, corresponding to the intended

use and growth stage of the crop (FOCUS, 1997). Risks are

considered acceptable if the toxicity exposure ratio (TER)

equals or exceeds the assessment factor (AF) of 5 (TER

trigger value; EC, 2011). If in this first tier the relevant TER

trigger is not passed, a higher‐tier ERA is possible. Usually,

field studies with earthworm, springtail, and/or soil mite

communities are conducted as a refinement to address risks

identified at Tier 1. The current ERA scheme considers initial

effects in a field study acceptable if recovery can be dem-

onstrated at the latest one year after application. Whether

the TER trigger value of 5 is appropriate to achieve the

desired protection is the aim of a risk assessment calibra-

tion. An ERA calibration can be performed as described in a

scheme published by the EFSA Panel of the Plant Protection

Products and their Residues (EFSA PPR Panel) (2010, 2017).

According to this scheme, a “surrogate reference tier” needs

to be defined to link the different risk assessment tiers with

the specific protection goals and the general protection

goals laid down in the legislation (EC, 2009; European Food

Safety Authority [EFSA], 2010; EFSA PPR Panel, 2017). As

defined by the EFSA PPR Panel (2017), a surrogate reference

tier approximates the real situation in the field (e.g., repre-

sented by terrestrial model ecosystems [TMEs] or field

studies), while recognizing that a compromise is made be-

tween what is desirable and what is practical. In that regard,

Christl et al. (2016) as well as Kotschik et al. (2019) consid-

ered field study endpoints, derived from a large set of dif-

ferent environmental situations with different substances in

a Tier 1 earthworm calibration case study. In the future,

sources of uncertainty in ERA calibration could be ad-

dressed with effect and population modeling (Forbes

et al., 2021), once validation of population modeling has

been carried out.

For the ERA of soil organisms, new developments are ex-

pected on both the exposure and effects assessment. A new

guidance on exposure assessment was published by the EFSA

(2017). Changes compared to the current exposure pre-

dictions are driven by amendments in the exposure charac-

terization (lower soil bulk density, the inclusion of wash‐off

from the crop intercepted fraction, and the consideration of

the geomean DT50 for degradation of the active substances).

For a set of 56 randomly chosen active substances, Schimera

et al. (2022) concluded that the new exposure assessment

according to the EFSA (2017) will lead to higher PECsoils and

increased failure at the Tier 1 risk assessment, thereby in-

creasing the need for higher‐tier assessments.

In terms of effect assessments, a new OECD guideline

for earthworm field testing is expected in the near future,

replacing the current International Standard Organisation

(ISO) 11268‐3 guideline (International Standard Organ-

isation, 2014). It is expected that the new OECD guideline

will lead to more effort in conducting the study, driven by

amended test designs (e.g., higher number of plot replicates

and sampling effort per plot), more efforts on analytical

measurements (higher spatial and temporal resolution), and

different statistical methods (Römbke et al., 2020).

The upcoming changes in terms of exposure and effect

assessments described above are expected to directly im-

pact the ERA of PPPs for soil invertebrates. The availability

of more options in the ERA framework in addition to the

standard laboratory testing and field assays could be a

substantial and valuable contribution to a more workable

and efficient tiered ERA approach by serving as a bridge

between Tier 1 and higher‐tier risk assessment as in other

areas of ERA. Introducing intermediate‐tier testing and risk

assessment options may help to reduce specific sources of

uncertainty, such as the test substrate (soil), interspecies

sensitivity differences, different life cycle traits, duration of

effects, and indirect effects, thereby increasing ecological

realism compared to the current simple Tier 1 ERA with

standard indicator species tests and strengthening the

tiered ERA approach for soil invertebrates.

The EFSA PPR Panel (2017) proposed a tiered risk as-

sessment approach by indicating which type of additional

assays can help address uncertainties in the ERA. Two po-

tential intermediate‐tier steps are described: (1) testing

of more species to address interspecies variability and

(2) assembled multispecies tests to cover uncertainty with

regard to additional stressors like predation and competi-

tion. Currently, it remains unclear how endpoints from ad-

ditional species can be evaluated in the ERA. Moreover, the

limited experience with assembled multispecies tests so far

Integr Environ Assess Manag 2024:780–793 © 2023 The AuthorsDOI: 10.1002/ieam.4825
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has hampered a wider application to soil risk assessment

(EFSA PPR Panel, 2017).

For an efficient risk assessment scheme, a simple and

conservative first assessment step (Tier 1) is needed, which

filters out low‐risk uses with minimal effort. Highly complex,

higher‐tier ERA should only be necessary for uses that

potentially pose a long‐term risk. Intermediate tiers can fill

the current gap between Tier 1 and field studies and refine

risks with reasonable effort and sufficient certainty if

calibrated properly.

PURPOSE AND OBJECTIVES
A multistakeholder workshop was held on 2–4 March

2022 to discuss potential intermediate‐tier options. Within

this three‐day workshop, discussions were held between

participants from academia, industry, regulatory author-

ities, and contract research organizations (see the list of

participants in Supporting information: Table S1) about the

potential of four different study types as intermediate‐

tiered options in the evaluation of risks to soil organisms:

(1) natural soil testing, (2) single‐species tests (other than

standard species), (3) assessing recovery in laboratory

studies (use of, for e.g., multigeneration/aged residue

studies to assess potential for recovery), and (4) the use of

soil multispecies test systems with assembled or natural

communities. The workshop was initiated to foster scien-

tific exchange and a data‐driven dialog; to review and

discuss the relevant studies and technical challenges for

each area; to discuss how the different approaches could

be used in the ERA; to assess which uncertainties can be

addressed in the different tiers; and to identify research

priorities for future work, in order to strengthen the tiered

approach in the ERA of PPPs.

Natural soil testing

Currently, Tier 1 laboratory toxicity tests following the

OECD guidelines are performed in artificial soils consisting

of 10% or 5% sphagnum peat, kaolin clay, quartz sand, and

calcium carbonate (to adjust the pH value); however, the

OECD guidelines for soil invertebrates offer the option to

use natural soil. The use of artificial soils in Tier 1 studies has

several benefits. For instance, the components are easily

obtainable, they are suitable for standard test organisms,

and the results obtained from the toxicity tests enable

comparisons between different laboratories and over time.

Drawbacks are their lack of realism, as evidenced by a dif-

ferent content and type of OM, mineral clay composition,

and a different soil texture, when compared with natural

soils. As a result, the bioavailability of test chemicals to soil

organisms can be different in natural soils compared to ar-

tificial soils. To address this issue in the ERA, the toxicity

endpoints are divided by a correction factor of 2 for lip-

ophilic substances (if log Kow> 2; SANCO, 2002), in-

dependent of the OM or peat content in the artificial soil, in

addition to the AF applied in the Tier 1 ERA. Currently, there

is a lack of clarity of the influence of different soil properties

on the toxicity of PPPs for soil invertebrates. Thus, testing

and understanding the impact of PPPs on soil organisms in

different natural soils could help to reduce the uncertainties

compared to Tier 1 ERA when extrapolating to field

situations.

Soil parameters influencing the toxicity to soil in-

vertebrates. Understanding which soil parameters influence

the toxicity of PPPs was also considered an important aspect

during the workshop. A literature review and subsequent

experiments, as presented by Kotschik et al. (2018 at SETAC

Europe Annual Conference), identified OM, cation ex-

change capacity, and pH as soil properties driving toxicity,

depending on the chemical properties of the test sub-

stances as well as tested organisms. The authors also

mention that other soil parameters are rarely measured and

thus their influence could not be determined. Hence, a

good characterization of natural soils is recommended

when used for ecotoxicological testing (OECD, 2008,

2009). Van Hall et al. (2023) conducted a literature review

and assessed the correlation between toxicity endpoints

and OM content. The correlation was chemical specific; for

example, phenmedipham toxicity showed a high correla-

tion with soil OM content, but correlations disappeared

when chemicals were grouped together based on their

lipophilicity. Additionally, when a correlation was present,

it was stronger for mortality than for reproduction end-

points. Van Hall et al. (2023) also noted that the influence

of soil OM content on chemical toxicity differed between

soft‐ and hard‐bodied invertebrates, as the toxicity was

reduced more in soils with high OM contents for soft‐

bodied than hard‐bodied invertebrates. This relationship

needs to be better understood prior to incorporating

testing of natural soils into risk assessment procedures. In

addition, as already pointed out by the EFSA (2017), it

throws into question the existing paradigm of adjusting

toxicity endpoints from Tier 1 laboratory studies for high‐

lipophilicity compounds by a default correction factor, as

no such consistent correlation is demonstrated in the lit-

erature data. Hence, it was stated in the workshop that the

grouping based on lipophilicity might not be fully appro-

priate to address the influence of OM content on PPP

toxicity. It was agreed by the participants that testing in

natural soils is possible; however, further standardization is

needed for routine testing, that is, regarding technical

suitability of the different soil types for the performance of

the test species and representativity in ERA.

Technical challenges. One of the major challenges of using

natural soils is the selection of a suitable soil from a testing

performance perspective and regarding representativity in

the ERA. European soils are diverse, both in terms of their

biological and physicochemical parameters. Several im-

portant aspects were identified for the use of natural soils for

ecotoxicological testing: (1) Selected soils should be rep-

resentative for the specific situation to be covered in the

ERA (regional aspect), (2) appropriate and realistic validity

criteria for the performance of the ecotoxicological study

Integr Environ Assess Manag 2024:780–793 © 2023 The Authorswileyonlinelibrary.com/journal/ieam
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should be available that contribute to the generation of

reliable endpoints, (3) soils should be clear of confounding

anthropogenic stressors such as contaminants, and (4) dif-

ferent standard soils should be categorized according to

their major soil properties to facilitate comparisons.

A European approach led to the definition of so‐called

EURO‐soils (Gawlik et al., 2004; Kuhnt & Muntau, 1994),

which are documenting the representativeness of the most

frequent and typical soil types for Europe. EURO‐soils

have been used, for example, in environmental fate re-

search, but they are not an “endless resource.” Therefore,

they cannot realistically be used for standard ecotoxico-

logical testing due to the large amounts of soils needed

for laboratory toxicity tests. However, it was agreed be-

tween participants that natural soils could be categorized

into “EURO‐soils” categories based on their main proper-

ties (i.e., soil type, OM content, pH, C/N ratio, texture). For

Germany and Portugal, Römbke and Amorim (2004) se-

lected 13 natural soils, of which 11 could be categorized

according to the EURO‐soils concept. As such, soils col-

lected regionally (e.g., Germany or Portugal) could still be

compared to each other if their characteristics are similar,

solving the “endless resource” problem. An interesting

example from Brazil was discussed in which the soil type

was matched with crop type, showing that more than 70%

of the soybean is grown on the same soil type (Ramon

et al., 2022). This was seen as a potential approach for the

European Union (EU) using relevant data sets (e.g., JRC

EFSA spatial data V1.2 and CAPRI or LUCAS topsoil) to

define potentially relevant natural soils for each regulatory

zone for the major crops. Accordingly, exposure assess-

ments following the new guidance document for calcu-

lating the PECsoil are based on such data sets (JRC,

PERSAM Tool for EFSA, 2017). However, it was considered

an important topic for future research whether the eco-

toxicological endpoints derived from studies with soils

from the same, for example, EURO‐soils category but

different sites show comparable results.

Although there have been many studies utilizing natural

soils, there should also be more comprehensive clarification

over whether natural soils are suitable for ecotoxicological

tests in the laboratory in terms of meeting the validity cri-

teria for the three standard OECD test species (E. fetida/

andrei, F. candida, and H. aculeifer) regarding mortality,

number of juveniles, and coefficient of variation (CV) for

reproduction in the control. A stable control performance is

a prerequisite for routine testing for the risk assessment of

PPPs and other chemicals. In the reviewed literature, the

validity criteria for E. fetida/andrei and F. candida were in

most cases met in tests using both artificial and natural

soils (Amorim et al., 2005; Chelinho et al., 2011; Domene

et al., 2011). However, some soils appeared not to be

suitable for earthworm testing and it is highly probable

that studies that did not meet the validity criteria were not

published. In this regard, Chelinho et al. (2011) recom-

mended to avoid extreme textures such as a high

content of sand (≥80%), strong acidity (pH < 4.2), or low

OM content (<2%). Not enough data are available for

H. aculeifer to give any recommendations.

Single‐species tests (other than standard species)

As surrogate species for soil organisms and more spe-

cifically for earthworms, springtails, and predatory mites in

the ERA of PPPs, the indicator species E. fetida/andrei,

F. candida/fimetaria, and H. aculeifer are tested according

to OECD test guidelines 222, 232, and 226 (OECD, 2004,

2008, 2009, respectively). Standard surrogate species are

not always present in all the natural soils or geographical

areas where the PPP is applied. They may not have the

same sensitivity toward chemicals compared to other

species and may not be representative of all ecological

categories within each group. As pointed out by the EFSA

(2017), the most relevant criteria to obtain a balanced test

battery are the representativeness of the species for the

ecosystems to protect and the representativeness of re-

sponses resulting from different routes of exposure. The

mentioned standard species are easy to rear in the labo-

ratory, and their performance and sensitivity have been ring‐

tested. Hence, the standard indicator species are well suited

for a simple and conservative Tier 1 ERA. If calibrated ap-

propriately, the ERA with the available test battery can be

indicative of effects and risks under field conditions.

However, it was agreed among the workshop participants

that it would be beneficial to have test methods available to

assess effects of a chemical on species other than the

standard ones. This can reduce uncertainties regarding

potential higher sensitivity of other (often locally more rel-

evant) species and may allow the estimation of more in-

tegrated toxicity values, for example, by means of assessing

species sensitivity distributions (SSDs).

Sensitivity differences for earthworms and springtails. Sev-

eral studies using nonstandard earthworm and springtail

species have been described in the literature. Some exam-

ples were reviewed during the workshop to provide a gen-

eral picture of the current knowledge regarding species

sensitivity differences toward PPPs:

Earthworms. Regarding acute effects (survival), E. fetida/

andrei overall seem less sensitive compared to other

earthworm species tested (De Silva et al., 2010; Pelosi at

al. 2013), confirming the conclusions from the EFSA PPR

Panel (2017). It is, however, not to be expected that non-

standard species will always be more sensitive than E. fetida

with regard to chronic endpoints (as shown by Carniel

[2019]). Sensitivity differences between different earthworm

species regarding the endpoint reproduction are in some

cases absent (e.g., Kreutzweiser et al., 2008), sometimes

visible, but were shown to be less than a factor of 10 for the

reviewed laboratory studies (Lumbricus terrestris, Aporrec-

todea caliginosa, Perionyx excavatus, Dendrobaena veneta;

for details, see Carniel [2019], Kreutzweiser et al. [2008],

De Silva et al. [2010], Pelosi et al. [2013]).
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Springtails. The comparisons of sensitivity of Collembola

species (i.e., F. candida, F. fimetaria, Sinella curviseta, Pro-

taphorura fimata, Proisotoma minuta, Heteromurus nitidus)

showed that F. candida tends to be among the most sen-

sitive species tested, but the relative sensitivity may vary

with the mode of action of the test substance (for details,

see Bandow, Coors, et al. [2014], Bandow, Karau, et al.

[2014], Carniel [2019], Ferreira et al. [2022], De Lima e Silva

et al. [2021]). This confirms the conclusions of the EFSA

(2017) that F. candida or F. fimetaria could be representative

of other springtails with regard to their toxicological sensi-

tivity. A higher sensitivity of Yuukianura szeptyckii to fe-

noxycarb compared to F. candida was shown by Lee et al.

(2020), but it is not clear if this is compound and/or mode of

action specific or indicates a general difference in sensitivity

between species. This finding should be discussed in the

context of considering the specificities of local species in the

ERA of PPPs.

Standardization. Several nonstandard species have been

considered in international test guidelines (e.g., added to

annexes to ISO, OECD, Environment and Climate Change

Canada; see Table 1). So far, ring‐testing has not been

performed with all the newly proposed species. Additional

literature data as well as potentially nonpublished data on,

for example, control performance should be compiled, and

comparative measurements between different laboratories

should be conducted that can contribute to an evaluation of

the reproducibility and a validation of the test guideline.

Further guidance on the evaluation of nonstandard soil in-

vertebrate tests would help to judge on the suitability of

their use in ERA.

Species sensitivity distribution. Species sensitivity dis-

tribution is a statistical evaluation method that integrates

toxicity data for species with different sensitivities toward a

chemical in one evaluation. With an SSD, the concentration

at which a certain proportion of taxa are affected (e.g.,

hazardous concentration HC5 for 5%) can be estimated and

used in ERA. It is an approach that is already used within the

EU for ERA of other wildlife groups, for example, aquatic

organisms and nontarget terrestrial plants and in other risk

assessment guidance documents (e.g., EFSA PPR Panel,

2021). The SSD could be used in an intermediate‐tier risk

assessment approach for PPPs by comparing, for example,

the HC5 value with a PEC value and derive a TER. A critical

TER trigger value is not yet available for soil organisms,

which has to be calibrated by means of the surrogate ref-

erence tier considering agreed protection goals (see the

EFSA PPR Panel, 2010, 2017).

Workshop participants discussed how many species

should be included in an SSD. A low number of species in an

SSD might limit its quality and increase uncertainty in the

risk assessment. Six species as a minimum number was

proposed as a prerequisite to perform a robust and reliable

SSD (besides SSD quality criteria, e.g., goodness of fit). On

the other hand, Frampton et al. (2006) suggested that, for

soil organisms, SSDs based on five species might be suffi-

cient; this was based, however, on the fact that at the time of

their publication, for 96% of PPPs, no toxicity data for more

than five test species were available. In any case, the defi-

nition of a minimum number of species for an SSD will re-

quire a trade‐off between being statistically and technically

robust and being practical. Available experiences and

guidance from other compartments, for example, aquatic

organisms (including sediment; Diepens, 2015; EFSA PPR

Panel, 2013, 2021; Maltby et al., 2005) or nontarget terres-

trial plants (Kwak et al., 2018; Silva et al., 2014), should be

used to develop such quality criteria.

The selection of endpoints and species that can be in-

cluded in an SSD was a major point of discussion. In-

tegrating clearly nonsensitive species in an SSD or by using,

for example, the highest tested concentration as proxies for

EC10 or EC50 in SSD for nonsensitive species, can create a

multimodal distribution. Although there are several options

to statistically deal with multimodality (Fox et al., 2021), the

inclusion of nonsensitive species in the SSD may lead to

higher uncertainty, while it increases variability, possibly

Integr Environ Assess Manag 2024:780–793 © 2023 The Authorswileyonlinelibrary.com/journal/ieam

TABLE 1 Additional soil invertebrate test species that are already implemented in test guidelines or are foreseen to be added to annexes of
internationally standardized toxicity test guidelines

OECD ISO ECCC

Earthworms,
Enchytraeids

OECD 220, Enchytraeus albidus:
E. crypticus, E. buchholzi, E. luxuriosus,
E. bulbosos.

ISO 11268‐2, Eisenia fetida/andrei:
Dendrodrilus rubidus, Aporrectodea
caliginosa, Perionyx excavatus.

STB 1/RM/43—(2):
New guideline for
E. andrei and
D. rubidus.

Springtails OECD 232, Folsomia candida, Folsomia
fimetaria: Proisotoma minuta, Isotoma
viridis, Isotoma anglicana, Orchesella
cincta, Sinella curviseta, Paronychiurus
kimi, Orthonychiurus folsomi,
Mesaphorura macrochaeta.

ISO 11267, F. candida/fimetaria:
Onychiurus yodai, O. folsomi,
P. minuta, Protaphorura fimata, Sinella
curviseta, Allonychiurus kimi,
Yuukianura szeptyckii, Heteromurus
nitidus, Onychiurus armatus, O. cincta,
Hypogastrura assimilis, M.
macrochaeta.

EPS 1/RM/47—(4),
F. candida,
F. fimetaria:
O. folsomi,
P. minuta.

Abbreviations: ECCC, Environment and Climate Change Canada; ISO, International Organization for Standardization; OECD, Organization for Economic
Co‐operation and Development.
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leading to lower HC5 values and an overestimation of the

potential risk.

The question of which organism groups should be con-

sidered in an SSD was also discussed. There are different

possibilities to run an SSD, for example, (a) focus on the

most sensitive group that needs to be addressed or

(b) include other trophic levels, like plants and soil micro-

organisms, depending on the purpose of the SSD. Species

sensitivity distributions for soil invertebrates were calcu-

lated for chlorothalonil by Carniel (2019), separately for

Oligochaetes and Collembolans (tested in tropical artificial

soil). Other authors calculated SSDs for a wider range of

species, including other trophic levels like plants and mi-

croorganisms (Kwak et al., 2018; Silva et al., 2014). Using

different trophic levels in an SSD could be helpful in case it

aims to describe effects on a food web or on the total soil

community. Using such a full community SSD in a risk as-

sessment may require a different AF than if focus is set on

the most sensitive group. In a scenario where the SSD is

used to refine risk, for example, soil microarthropods only,

the SSD should be restricted to this group as it aims to

reduce the uncertainty related to sensitivity difference of

species within the group.

It was mentioned that SSDs should be calculated using

comparable endpoints (e.g., EC10, reproduction) generated

under similar conditions (e.g., same soil type). Including

endpoints from tests with different soils introduces an ad-

ditional source of uncertainty. It was also mentioned that

combining endpoints from active substances and, for ex-

ample, monoformulations, can lead to increased uncertainty

and/or wrong interpretation and thus requires careful inter-

pretation. Therefore, the use of both different soils and

different test items in one SSD should be avoided (if pos-

sible), unless evidence can be presented that no significant

impacts on the effects observed are to be expected. Using

endpoints that are normalized on the bioavailable fraction

(e.g., OM normalized data or endpoints expressed as pore

water concentration) might have the potential to overcome

the issue of different test substrates. Any uncertainties

should be discussed and considered in the conclusions and

it should be clarified under which circumstances bridging

would be possible.

Technical challenges. The rearing of single species other

than the standard ones requires optimization of breeding

conditions due to their specific ecological and biological

properties and requirements (especially earthworms; Lokke

& Van Gestel, 1998). Some earthworm species might need

deep soil, large amounts of food, accept only low pop-

ulation densities, and/or have long life cycles, which may

impede the production of sufficient numbers of juveniles for

an ecotoxicological reproduction test within a manageable

test period. For Collembola species, it was discussed in the

workshop that rearing of different species is feasible with

relatively small adaptations.

The validity criteria for tests with nonstandard species

might need revision: whereas the criterion on control mor-

tality might not cause problems, the available criteria for one

species may not be appropriate for other species, for ex-

ample, regarding the minimum number of juveniles

and/or the corresponding acceptable CV (e.g., 30%) in

the control. For nonstandard species, this CV can be higher

due to the higher relative variability related to lower re-

productive rates compared to the standard species. How-

ever, facilitating routine testing of nonstandard species by

implementing less strict validity criteria needs to be carefully

balanced with the risk of losing experimental precision, stat-

istical sensitivity and/or robustness, and therefore certainty in

the ERA.

For use in the ERA of PPPs, ecotoxicological tests should

show a high degree of reproducibility. The tests with the

same species in the same soils should lead to similar eco-

toxicological results independent of the test facility, region,

and season. An optimization of the test conditions with re-

gard to temperature, soil moisture content, variability,

control mortality, conditions for growth and reproduction,

and food quality and quantity, as well as an unequivocal

taxonomic identification of the test species, can be taken

into consideration to increase the reproducibility of the

tests. Practical experimentation has shown that the number

of adults per replicate, the number of replicates per treat-

ment, the test temperature, and the amount of soil per

replicate are aspects that often require adaptation in testing

earthworms other than the standard species. However, the

number of adults per replicate and the need to distinguish

males from females for the selection of adults prior to be-

ginning the experiments are issues mainly associated with

collembolan testing. Ring‐testing procedures are recom-

mended before the implementation of additional species in

testing guidelines or ERA guidance documents. This contrib-

utes to a higher reproducibility, thus allowing for a more ro-

bust test system and a higher acceptability for its use in ERA.

Assessing recovery in laboratory studies

In general, recovery can be defined in relation to health

status (return to health from sickness) or in relation to a pre-

vious condition that was lost due to a stressor (return or regain

a former or better state of condition). Laboratory tests as-

sessing recovery after PPP exposure may relate to internal

(population growth) or external (recolonization) recovery. The

different assessments of recovery require different ap-

proaches, for example, in the laboratory that can be:

(1) Laboratory studies with exposure, followed by in-

cubation in clean soil.

Such an approach may assess if affected organisms are

capable of recovering from the impact of exposure, for

example, by investigating EC50 increase over time or

return to normal growth, reproductive output, or bio-

chemical endpoints in affected organisms (e.g., Feng

et al., 2015; Van Gestel et al., 1989). As the PPPs are

usually not completely degraded during the test period,

the approach of transferring organisms to clean soil

(immediate stop of exposure) may not be realistic for

Integr Environ Assess Manag 2024:780–793 © 2023 The AuthorsDOI: 10.1002/ieam.4825
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field conditions and hence not suitable to assess the

effects and risks of PPPs.

(2) Laboratory studies with population development moni-

tored over longer periods.

Prolonging the test duration is sometimes helpful in

identifying the cause of effects (e.g., due to delayed

hatching of cocoons), as was shown for enchytraeids

(Kovacevic et al., 2020). This may be indicative of long‐

term development of a population (by observation of

population growth rate) for certain species. However, in

laboratory tests, the sensitivity to chemical exposure can

be influenced by crowding (density‐dependent effects;

Noël et al., 2006). Further, density limitation in the labo-

ratory test can have an impact on recovery assessment. In

case the population size in the control reaches a plateau

due to crowding or food limitation (e.g., as it does under

field conditions), the population in the exposed groups

could reach the numbers in the control more easily than

under density‐independent growth. Moreover, natural

species might show different population dynamics and

observed effects on standard species in the laboratory

might not be directly relevant to natural species or or-

ganism communities.

(3) Multigeneration studies combined with aging of residues.

The approach to assess the potential for external recovery

in a laboratory test system is an agreed risk assessment

approach for nontarget arthropods when evaluating ef-

fects in‐field following the risk assessment guidance for

nontarget arthropods (ESCORT 2; Candolfi et al., 2001). In

the proposed multigeneration approach for soil organ-

isms, aged residue studies are performed with standard

indicator species in which juveniles from the first test are

introduced in a second (or third) test with soil containing

aged residues. The individuals are constantly exposed to

the potentially continuously degrading and dissipating

test substance in soil. The aim is to assess after which time

period the individuals are no longer affected by the

chemical. Decrease in toxicity was shown for lindane and

chlorpyrifos in two‐generation tests with F. candida (Ernst

et al., 2016) and in three‐generation tests with F. candida

exposed to the fast‐degrading thiacloprid, but not for the

more persistent imidacloprid (Van Gestel et al., 2017).

Recovery (recolonization; external recovery) from off‐field

areas (which is a valid approach for nontarget arthropods

with higher mobility) may be limited for soil organisms,

such as Collembola, as not all species are mobile; there-

fore, internal recovery is assessed with this test (pop-

ulation growth). Two‐ or three‐generation studies can

demonstrate intrinsic potential for recovery for the tested

species from the treated area itself. As different species

show different generation cycles, observed dynamics of

surrogate species might not cover realistic effects in ag-

ricultural fields.

Technical challenges. Multigeneration exposures are fea-

sible for organisms with a relatively short life cycle like many

springtails and enchytraeids (Guimarães et al., 2023), but

not for earthworms that have much longer generation times.

Proper assessment of the duration of exposure of the dif-

ferent generations as well as selection of the right cohort of

juveniles produced for transfer into next‐generation ex-

posures are points to be standardized. Another challenge is

the possible increase in variation over generations, making it

harder to meet validity criteria set for control performance.

Larger differences in the age of the parental generation of

second (or third) test generations in a multigeneration study

can cause larger control variability for reproduction (Ernst

et al., 2016).

Different designs for a multigeneration test with F. can-

dida were tested by Ernst et al. (2016) to find the best way to

reduce uncertainty (optimization of control performance to

meet the validity criteria). This was obtained with a design

including an intermediate period between exposed gen-

erations. This reduced the variability in juvenile numbers as

the different age of the transferred individuals no longer

causes variability in reproduction (all individuals mature).

From a practical perspective, it was concluded that the se-

lection of individuals with the same age or size for different

exposure generations can introduce a bias, as larger in-

dividuals could be less sensitive to the chemical in the

following test run.

Soil multispecies systems

In soil multispecies systems (SMS), a defined number of

preselected species are introduced into a test system in

which the impact of a stressor (chemical, climate, etc.) is

assessed on total population sizes of the different species

under assessment or on the total soil organism community

for a defined test period. In SMS, the interactions between

different species, that is, competition and predation, lead to

a more realistic situation compared to single‐species test

systems. Interactions between species with different eco-

logical traits in an SMS might lead to higher sensitivity

compared to single‐species tests. Soil multispecies systems

have a nonrandom species composition, being based on

field surveys to represent a more realistic scenario, but with

the ability to change the experimental setup. Structural

(species abundance), species distribution (top, middle, and

bottom soil layer), functional (e.g., OM degradation), and

explanatory (e.g., biomarkers) endpoints can be inves-

tigated. Soil multispecies systems are done under controlled

conditions, for instance, a defined amount of (defaunated

natural) soil (e.g., 1 kg per replicate); selected species with a

defined number per replicate; controlled temperature, light,

and water regime; single‐dose or dose–response design

with flexible replication (n≥ 5); various sampling dates; fate

measures (timely and spatial resolution) in soil; and defined

test duration(s) (e.g., 28, 56, and 84 days; see, e.g., Jensen

and Scott‐Fordsmand [2012], Mendes et al. [2019], Scott‐

Fordsmand et al. [2008]). To meet different field relevant

scenarios, different soil types and various application

methods can be chosen (e.g., surface spray or in‐soil mixing)

or other relevant parameters can be simulated. Depending

Integr Environ Assess Manag 2024:780–793 © 2023 The Authorswileyonlinelibrary.com/journal/ieam
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on the experimental design adopted, SMS data can be an-

alyzed using univariate statistics to estimate concentration at

which x % effect is observed (ECx) or NOEC for single

endpoints, for example, abundance of a species, or multi-

variate statistics (e.g., principal response curve [PRC]) to

assess effects on community structure. Depending on the

number of species introduced, the calculation of an SSD is

also possible.

In an SMS, the use of species from different trophic levels

can provide insight into direct as well as indirect effects of

the applied stressor (e.g., predator–prey interactions and

contaminated food) that are difficult to interpret. However,

by attempting to mimic the field situation, an SMS provides

a quantitative measure of the interaction (Schnug et al.,

2014). The inclusion of these interactions might be a source

of variability; however, use of an SMS provides more in-

formation than if the same species were tested separately in

single‐species tests. Including plants in an SMS was seen as

an option to increase realism; however, it was realized that

the representativity may not be given if just one plant in a

small system is included without much space. The inclusion

of plants would be best in an adapted version of the SMS,

for example, used a larger size of test vessels. Having a

standard set of species and gaining a better knowledge

about typical species interactions in this setup would facili-

tate designing the test and the interpretation of the results.

The use of natural communities from the field instead of

built communities (i.e., SMS) is also a possibility in laboratory

tests with spiked soils (e.g., Chelinho et al., 2014). The use

of natural communities increases the ecological relevance of

the experiment, but other factors (e.g., seasonality and

higher intersample variability) may influence the outcome of

the tests, making test results more difficult to interpret.

However, results showing a dose–response relationship of

carbofuran on different feeding guilds of soil Collembola

and mites, as a result of both direct and indirect effects (i.e.,

competition and shortage of prey), were clearly observed by

Chelinho et al. (2014). Also, by using multivariate analysis,

this approach allows the derivation of an ECx‐community

endpoint (Renaud et al., 2021).

Technical challenges. The reproducibility of SMS tests will be

different compared to single‐species tests due to interactions

between species (competition and predation, facilitation),

which could lead to higher variation between tests. A variation

in predation efficiency will affect other species, which will be

more difficult to standardize. Hence, the precision and re-

producibility may be lower (the random variation may be

higher) but the ecological relevance will be higher. Therefore,

more work is needed to understand the predictive ability of

SMS regarding the protection goal in the field.

The selection of test concentrations is considered a

challenge due to different sensitivities of single species.

However, delayed intoxication (via poisoned prey, for ex-

ample) may also happen. Hence, predictions from single‐

species tests might not give a correct prediction of the ef-

fects on a community. A limitation of an SMS is that it may

not be possible to see a reasonable response for all species

in one system, depending on the range and spacing of the

test concentrations. This limits the possibilities to calculate,

for example, SSDs. With a proper number of replicates and

concentrations (which is more time and labor intensive), the

SMS may provide a response for a sufficient number of spe-

cies to be used in an SSD. The workload, however, might be

less than if a comparable number of single‐species tests is

conducted, and species interactions are taken into account.

The choice of the test duration and sampling times in an

SMS is important and may vary between species and the

purpose of the test. However, the stability of such test sys-

tems can represent a challenge in relation to community

development. The test duration can have an impact on

possible side effects through, for example, fungal growth,

which could be indicative of an unstable test system.

Other lower‐tier refinement options

In addition to the approaches mentioned above, other

options could be considered as further refinements in the

ERA of PPPs. Laboratory tests could be performed using

more realistic exposure conditions for specific intended uses

(e.g., application of seed treatments, drip applications,

granules, spray application instead of mixing the PPP with

the soil). Following more realistic types of applications,

spatiotemporal heterogeneous exposure profiles can lead

to different effects due to movement and potential avoid-

ance of the organisms. In this regard, ecological modeling in

combination with analytical measurements of chemical res-

idues over the test period can help to understand the actual

exposure that is experienced by the organism under inves-

tigation, once ecological models have been validated. The

specific exposure of organisms to contaminants could be

refined through simulation of realistic movement of the or-

ganisms in the soil profile over time and using toxicokinetic

toxicodynamic modeling on the individual level (Forbes

et al., 2021; Gergs et al., 2022; Roeben et al., 2020). How-

ever, Toschki et al. (2020) showed long‐lasting effects of

chemicals persisting after surface spray application on soil

organisms living also in deeper soil layers. Therefore, re-

finement of exposure in relation to the occurrence of or-

ganisms may be hampered as movements of organisms are

difficult to predict. Hence, the reciprocity and magnitude of

effects when soil organisms are exposed to spatially and

temporally variable concentrations, as well as the vertical

and horizontal movement of soil organisms need to be

better understood.

DISCUSSION ON THE TIERED RISK ASSESSMENT
APPROACH
The workshop participants considered the introduction of

intermediate tiers as a potential improvement of the ERA of

PPPs. Intermediate tiers can help to reduce uncertainties in

ERA by providing more data on toxicity under more realistic

exposure conditions, sensitivity differences between spe-

cies, duration of effects, species interactions, and indirect

effects (Table 2). In general, ERA is done by comparing

Integr Environ Assess Manag 2024:780–793 © 2023 The AuthorsDOI: 10.1002/ieam.4825
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effect endpoints, for example, NOECs or ECx values with

exposure values (PECsoil) and using AFs to account for

various sources of uncertainty. It was highlighted that the

new soil exposure framework (EFSA, 2017) uses soil sce-

narios (i.e., soil bulk density, OM content, and crop inter-

ception) that lead to realistic worst case exposure estimation

in the EU, and can lead to substantially increased PECsoil

values. Some participants questioned the agronomical

relevance and representativity of the underlying soil pa-

rameters. However, in this regard, the intermediate‐tier

options can be seen as a possibility to better link exposure

and effect assessment. In general, the uptake routes of PPPs

in different soil invertebrates are diverse due to physio-

logical and ecological differences and depend on the bio-

availability of PPP, driven by chemical properties of actives

as well as soil composition. The question on which metric

the risk assessment should be based (total soil concen-

trations, OM normalized endpoints, or pore water concen-

trations, as discussed by the EFSA PPR Panel [2017]) is

relevant for all ERA tiers and should be taken up in the

context of risk assessment calibration by designing an ap-

propriately conservative tiered risk assessment framework. A

higher degree of realism (e.g., more precise expression of

exposure metric in ERA) and less uncertainty due to addi-

tional data provided (e.g., on sensitivity of different species

and communities, species interactions, as well as recovery

potential) may justify changing AFs compared to those

currently used for Tier 1, if the ERA calibration against a

suitable reference tier and to the protection goals allows.

Testing of natural soils instead of artificial soils can add

realism and reduce uncertainty in the risk assessment of

PPPs. Natural soils are in principle considered suitable for

use in ecotoxicological tests and considered in ERA. The

workshop revealed two different opinions on how ecotox-

icity studies with natural soils should be considered in the

ERA: Some participants stated that the current AF (AF= 5) in

Tier 1 may not be protective with artificial soil tests, as the

tests with natural soils represent a more realistic scenario

and can lead to lower endpoints. Therefore, the results

obtained with the testing in natural soils should be known to

calibrate the Tier 1 assessment step. Other participants ar-

gued that for the calibration of the Tier 1 ERA, the surrogate

reference tier (e.g., a set of field data) is decisive, and hence,

a calibration can be done with any soil type in the Tier 1

study, that is, artificial soil. Therefore, a Tier 1 calibration (if

relying on tests performed in artificial soil) could be done

Integr Environ Assess Manag 2024:780–793 © 2023 The Authorswileyonlinelibrary.com/journal/ieam

TABLE 2 Overview of options for intermediate‐tier testing and ERA for soil organisms exposed to pesticides, showing the specific aspect
that can be addressed with the test system, the estimated level of experience (ranging from a low [+] to a high level [+++]), potential

assessment endpoints, and the technical and regulatory challenges

Test system
Specific aspect
addressed

Level of
experience

Potential assessment
endpoints

Technical
challenges

Regulatory
challenges

Realistic application
scenario in a
standard study

More realistic
exposure

+++ No‐observed effect
concentration, ECx

– Environmental
risk assessment
calibration

Natural soil tests More realistic sorption
properties and
bioavailability

++ No‐observed effect
concentration, ECx

Validity criteria,
reproducibility,
soil variability

Environmental
risk assessment
calibration,
representativity
of natural soils

Nonstandard
species tests

Sensitivity differences
between different
species

++ No‐observed effect
concentration, ECx,
Geomean NOEC or
ECx, HC5 (SSD based
on ECx or NOEC)

Validity criteria,
reproducibility

Environmental
risk assessment
calibration,
species to
consider in
an SSD

Multigeneration
tests

Internal recovery,
multiple
applications,
transgenerational
effects

++ No‐observed effect
concentration

Validity criteria Representativity
of tested
species with
regard to
recovery traits,
ERA calibration

Soil multispecies
systems

Species interactions,
indirect effects

+ No‐observed effect
concentration, ECx,
Geomean NOEC or
ECx, HC5 (SSD based
on ECx or NOEC)

Test stability,
reproducibility,
interpretation

Representativity,
ERA calibration

Abbreviations: ECx, concentration at which x % effect is observed; ERA, environmental risk assessment; Geomean NOEC or ECx, Geomean from an available
set of endpoints from, for example, different species tested; HC5, hazardous concentration at which 5% of the species in the SSD show lower endpoints and
95% of the species show higher endpoints; NOAEC, no‐observed adverse effect concentration, including population recovery in, for example, a multi-
generation test; NOEC, no‐observed effect concentration; SSD, species sensitivity distribution.
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independently from results generated with natural soils.

Hence, there was no consensus on this point. Christl et al.

(2016) validated the current Tier 1 for earthworms with

laboratory data generated with OECD artificial soil against a

set of field studies covering a wide range of different soil

types, different substances, and climates (surrogate refer-

ence tier). The data showed that the AF of 5 is appropriate

and that the protection at Tier 1 with standard indicator

species tested in artificial soil is achieved for this data set

and the selected Specific Protection Goal. Furthermore,

some participants pointed out that the protection level at

the current Tier 1 ERA is not achieved, by referring to

Kotschik et al. (2019; presentation at SETAC EUROPE

29th annual meeting, Helsinki). The discussion on the con-

servativeness of the Tier 1 risk assessment should also

consider the upcoming changes at the exposure side (new

guidance document on PECsoil estimation; EFSA, 2017). It

was indicated that assuming higher PECsoil compared to

past assessments would enhance the protection level at Tier

1 compared to the current assessment scheme, in-

dependently from the soil that is used in an ecotoxicological

test. The new exposure guidance (EFSA, 2017) includes soil

scenarios to cover realistic worst‐case PECsoil values for

different regulatory zones in the EU. These scenarios are

partly characterized by extreme soil conditions, for example,

very high OM content leading to low soil bulk density

(recalculated via pedotransfer function; Tiktak et al., 2002)

and therefore high exposure concentrations. High OM

content in ecotoxicological tests with soil organisms can

lead to lower bioavailability of PPPs; however, as discussed

above, this is not clear cut. In such environmental con-

ditions, toxicity and risk to soil organisms can potentially be

much lower (e.g., if such a soil would be used in ecotox-

icological tests). It was pointed out at the workshop that the

inconsistency between soil scenarios in ecotoxicological tests

and those used for exposure estimation can lead to an un-

realistic combination of worst‐case situations and an overly

conservative Tier 1 risk assessment, as from both sides (effect

and exposure), worst‐case situations are considered (Schimera

et al., 2022). As stated above, it needs to be scientifically

unraveled which parameters drive bioavailability of different

PPPs, followed by the development of an appropriately

conservative and consistent tiered ERA scheme.

The question on how to use data from tests with non-

standard single species in the ERA was discussed intensely.

One option could be to select the lowest endpoint from a

set of species and reduce the AF to account for less un-

certainty, that is, in the case of limited data availability. The

majority of the participants were in favor of using an SSD

approach as an intermediate risk assessment tier, for ex-

ample, by comparing an HC5 with the PEC.

The EFSA aquatic guidance (EFSA PPR Panel, 2013) was

highlighted as providing background on approaches for

using SSDs in the ERA. It sets out details on numbers of

relevant species needed for SSD derivation depending on

the organism group in focus, for example, algae/plants, in-

vertebrates, and fish. Based on the sensitivity of different

groups, it also provides guidance on which group to focus

on, for example, for insecticides, the focus could be on In-

secta or Crustacea. However, it was noted that aquatic risk is

evaluated only for off‐field communities as opposed to in‐

field for soil organisms. Hence, protection goals and AFs

might differ between aquatic and soil compartments. The

SSD approach is also used in other areas of chemical in-

dustry regulations, for example, metals or industrial chem-

icals. As such, it was mentioned that a precedent is in place

for the use of the SSD approach for soil organisms as an

intermediate‐tier refinement. Experience with these com-

pounds could be reviewed, as, for example, done in the

EFSA PPR statement on transition metals (EFSA PPR

Panel, 2021).

Assessing recovery in laboratory studies for risk assess-

ment is regarded as a challenge. It was agreed by the

workshop participants that, for example, multigeneration

tests with soil organisms can provide evidence on the in-

trinsic recovery potential of the tested indicator species.

However, using this approach in risk assessment to assess

potential for recovery from PPP use may pose the risk that

the recovery is overestimated (compared to the field sit-

uation) while using fast‐reproducing indicator species. Re-

covery of one standard species like F. candida—which is

selected due to the short generation time and not re-

producing sexually—in laboratory tests is difficult to corre-

late with recovery traits of communities in the field. Some

species may not recover as fast as F. candida does, and it

should be assessed whether the AF used in the risk as-

sessment may need to increase for such type of studies.

However, the aspect of univoltism (i.e., only one generation

per year) is seen for Collembola mainly in arctic and boreal

regions (Hale, 1965; Potapow, 2001) and might not be so

common in temperate and warmer regions (Vegter, 1987).

Hence, comparisons with field data could provide more

clarity on this.

The possibility to apply the test chemical(s) multiple times

and with this, to simulate a specific use pattern, was discussed

as a potential refinement option. Using natural test soils in

multigeneration tests can add another level of realism on the

exposure profile over time. It remained unclear whether using

natural soils would represent a worst case (in the case of low

OM content) or a best case (considering possible stronger

microbiological degradation of test items).

The different designs discussed above may be used in a

flexible way to address different questions or uncertainties

in the risk assessment, for example, potential delayed ef-

fects, multiple applications of the same or different PPPs, or

assessment of the duration of effects of PPPs. Multi-

generation tests were shown to be able to discriminate

between compounds with short‐ and long‐term effects

(Amorim et al., 2016; Bicho et al., 2017; Van Gestel

et al., 2017). It was agreed that the test can provide useful

information for the ERA of PPPs. The generation of more

data from this ERA approach (i.e., comparison of recovery

times in, for example, multigeneration studies and field

studies) could help to better understand whether the

Integr Environ Assess Manag 2024:780–793 © 2023 The AuthorsDOI: 10.1002/ieam.4825
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potential for recovery from multigeneration tests does

in fact correlate with actual field recovery of species with

different traits.

Soil multispecies systems were seen as an option by the

participants to refine risks seen at lower tiers by including

interactions between species. Additional factors, such as

competition and predation, the inclusion of potential in-

direct effects, and exposure via contaminated prey, increase

ecological realism of this test system compared to available

standard tests. Depending on the test design (number of

species and tested concentrations), various endpoints could

be derived (e.g., NOEC, ECx, output of SSD, or PRC). As this

test system is more complex, and includes interactions be-

tween different species, standardization was regarded as a

huge challenge. However, a step toward standardization of

the species composition represents an opportunity to better

understand the dynamics of the expected species inter-

actions in tests with different compounds. Although there is

some limited experience with this test system in some sci-

entific working groups, it was agreed that further research is

necessary with regard to standardization, reproducibility,

interpretation, and risk assessment calibration (Table 2). An

ERA calibration exercise is necessary to determine if or how

the AF can be adjusted to account for the increased realism

in an SMS (e.g., predator–prey interactions, competition,

indirect effects) compared to single‐species tests. It should

also be clarified how the results of tests with different spe-

cies or trophic levels impact the relationship between test

outcome and possible field responses.

The participants agreed on how SMS relate to semifield

TMEs (Schäffer et al., 2010), which work with intact soil

cores. Terrestrial model ecosystems are considered to be

closer to a field study, showing higher realism, but with

issues of possible larger variability and associated stat-

istical challenges, compared to laboratory‐based ap-

proaches. Terrestrial model ecosystems assess effects on

natural soil organism communities, including more com-

plex interactions. In comparison to artificially constructed

communities, the responses of TME systems to PPP

application are deemed more realistic, as species inter-

actions are naturally present and pre‐established. Com-

pared to the field situation, TMEs represent an isolated

system and the population stability of the test system may

be reduced due its limited size and ecological context

compared to the field situation. Field studies allow more

flexibility with regard to soil management practices and

number of organism groups to be investigated. Some

participants argued that TMEs are similar in complexity,

costs, and in particular time effort compared to field

studies. Some participants highlighted the higher stat-

istical power of TME studies compared to field tests.

However, other participants pointed out that the possible

number of subplot replication is limited in a TME and also

the capacities for indoor and outdoor TME in the test

facilities can be a limiting factor.

Participants agreed that the availability of additional op-

tions to integrate knowledge on the impact of PPPs on soil

organisms would be very valuable, and the implementation

of intermediate‐tiered steps should be further considered in

the ERA of PPPs. According to the EFSA PPR Panel (2017), a

tiered approach needs to be appropriately protective, in-

ternally consistent, and cost‐effective. The options dis-

cussed above have the potential to reduce uncertainties and

add realism to ERA, while in some cases, specific technical

and regulatory challenges exist (Table 2).

Further research is necessary in the context of stand-

ardization, reproducibility of new test guidelines, and

risk assessment calibration of potential intermediate‐tier

approaches. The generation of case studies (including

studies from Tier 1, different intermediate‐tier options, and

higher‐tier studies with the same compound) is necessary

to better understand the relationship between the out-

come of the different test options and the specific and

general protection goals. If evidence is available to support

specific approaches, these could potentially be taken up by

regulatory authorities.
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