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Background

For the approval of active substances and for the authorization of Plant Protection Products
(PPPs) in Europe (EU), it is necessary to test the active substances and products according
to the current state of science and technology to demonstrate that no unacceptable effects
on the natural environment will occur following their intended use (Regulation (EC) No
1107/2009 (EU 2009), PflschG 2012). The effects of active substances and/or PPPs on the
protection target are assessed by applying the criteria given in Regulation (EU 2011) No.
546/2011. The thorough derivation of the environmental concentration (Predicted
Environmental Concentration, PEC) of an applied PPP or active substance(s) in the soil or
water body is the crucial basis for the evaluation and assessment of possible detrimental
effects on the non-target organisms that are exposed to it. The recent process in the
development of guidelines and guidance documents (e.g. EFSA Guidance Documents and
EFSA PPR Scientific Opinions 2010a and 2010b, 2012 and 2017) indicates that fundamental
new strategies will be followed to derive environmental concentrations in soil in the future.

New conceptions and understandings of the ecological/ecotoxicological effects of PPP on
soil organisms and of the active substance’s fate and behaviour in soils should lead to a more
realistic and relevant calculation of the predicted environmental concentrations (PECs). At
the same time, it will result in a much more complex evaluation system than the one in
place nowadays. Two crucial issues have to be addressed in the future:

o The spatial correlation between the toxic agent and the effects on soil organisms
belonging to specific exposure types are not experimentally proven so far. The initial
hypothesis that the behaviour and life form type of soil organisms in respect of their
habitat preferences in the soil profile determine quality and duration of exposure is
not yet scientifically confirmed.

e The resulting protection level for non-target soil organism of an approach
differentiating for soil layers in comparison to the current practice is not
consequently analysed, nor are the consequences for the risk assessment outcome
acknowledged.

To support a national position for risk assessment of soil organisms in line with the new
scientific and regulatory developments, it has to be determined whether the assumed
connection between spatial distribution of soil organisms, the distribution of PPP in soil and
the ecotoxicological effects on soil organisms can be systematically observed. Moreover, it
is crucial to check out thoroughly the possibly arising testing-effort and the protection level
to develop the new strategy with clear questions and aims.

Aims
The aim of this project was to develop the technical basis in order to adapt the exposure

assessment and risk assessment of PPP in soil and for soil organisms according to newest
scientific developments.

In addition to recording the state of knowledge about the relationship between the location
of effects on soil organisms within the soil profile and the spatial and temporal distribution
of PPPs, in particular, experimental investigations were conducted under controlled
conditions, in order to provide a scientific basis for an adapted risk assessment strategy.

The project focussed on the following main questions:



e Can the assumed relationship between spatial distribution of a PPP in the soil profile
and the location of ecotoxicological effects be confirmed?

e |s the exposure level and consequently the extent of ecotoxicological effects modu-
lated by the preferred position and the behavior of soil organisms in the soil profile?

e Is the spatial transfer of the maximum concentration of a PPP into different soil layers
over time accompanied by a sequence of effects in organism groups with different
mode of exposure?

¢ Do active substances with different properties at a given time interfere with different
groups of organisms, each representing a typical mode of exposure?

The results of the experimental studies should help refining the input parameters for current
exposure models for soil organisms. The existing simulation models for exposure assessment
in environmental risk assessment are able to calculate PECs for discrete soil depths. The aim
of this project was to provide evidence on whether the average concentration of a PPP over
different soil layers can be used for risk assessment of soil organisms or whether the
concentration peak is determinative of the toxicity for soil organisms.

Finally, recommendations for the adaptation of risk assessment strategy for soil organisms
were developed. Here a systematic and comprehensive comparison of the results of a risk
assessment for soil organisms was performed with the currently established method and
according to the specifications of a new adapted strategy. The aim was to document the
achieved protection level of different strategies for the protection goal, that no unaccepta-
ble impacts on the subject of protection “soil and soil organisms” will occur, and to develop
specific recommendations for the adjustment of the risk assessment.

Methodological requirements

To meet the above mentioned challenges within one study, appropriate methods and an
adapted experimental design were required.

Study design

The test design provided the possibility to measure toxicological effects on populations of
different soil communities and the fate and behaviour of the toxicant at the same time and
approximately at the same place. The test design enabled the analyses of different soil
layers over time. Additionally, it had to be ensured that the statistical needs were met, i.e.
that the sampling design and methods would take the sometimes high variability of soil
organisms into consideration in order to be able to detect statistically significant effects.
Furthermore, the test system should be stable and mirror realistic conditions as in the field
over a relevant period of time (at least one year).

Test items (PPP) and chemical analysis

The study was planned to study PPP with similar mode of action (insecticides), similar
persistency but different sorption properties. It was decided to select one agent with a KOC
> 500 and another one with a KOC < 500, assuming that one is retained in the upper soil
centimetres, while the other is expected to be transported to deeper soil layers. Since the
test items were to be measured in different soil layers, it had to be ensured that the
analytical methods were standardised and able to detect the assumed small amounts of the

agent in deeper soil layers.
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Since studies with unlabelled test substances rely on the analysis of extractable fractions
only, it was decided to establish studies with radiolabelled compounds in order to quantify
the amount of non-extractable residues (NER). More effort was deemed to be necessary to
identify the nature of such residues and their binding mode in the soil matrix. Recently, it
has been shown that NER comprise three different types, i.e., type | containing xenobiotic
residues entrapped in the voids of the inorganic and organic soil matter components, type Il
xenobiotic residues covalently bound to humic matter, and type Ill containing completely
metabolized residues not distinguishable from natural organic matter, i.e. peptides,
proteins, phospholipids etc. (biogenic residues) (Kastner et al., 2014). In the present project,
though, we restricted our investigations on the quantitative aspects of NER in order to
distinguish between readily and slowly desorbable and not bioavailable residues.

Investigated soil organisms

In the present study we aimed at considering representative groups of soil organisms of the
macro- and mesofauna. The selection criteria were based on the respective sensitivity of
the organism group to specific modes of actions of active substances in PPPs, the presence
of the group in arable land habitats and the knowledge and practicability in dealing with
these organisms in the process of risk assessment i.e. determination, classification of life
form-type etc. A further advantage would be to select groups of soil organisms that have
together a diverse structure - so that effects could be measured on different trophic levels
and in different ecological niches, i.e. different exposure scenarios. Therefore, the
populations of various animal groups, such as oribatid mites, collembolans, enchytraeids and
earthworms were recorded in controlled model terrestrial ecosystems (TMEs) on species
level and in different soil layers.

Exposure modelling

The experimental results with regard to the concentration gradient of the applied active
substances in the soil profile and the analysis of soil water budget should serve as a basis for
a model-based evaluation of the leaching behaviour of the active substances and of temporal
and spatial distribution of the applied chemicals in the soil profile.

The present project was divided into four work packages, which are drawn up in Figure 1.



AP | - State of Science (Chapter 2)

AP Il - Experimental Studies - fafe and Effect (Chapter 3-6)

TME Study [1] - Outdoor TME Study [2] - Indoor TME Study [3] - Outdoor
(Chapter 4) (Chapter 5) (Chapter 6)
Test-Substance: F}{m:’; Jest-Substance. @g Test-Substance.
- Lindane R | - Lindane ‘\"‘*— - Carbendazim
- Imidacloprid ‘ - Imidacloprid
Effects on: Radiolabelled Substances: Effects on-
Collembola - Bounded Residues Earthworms
Oribatida <
Enchytraeids
Earthworms ol
: AP lIl - Exposure Modelling -~ = Evaluation of Exposure and Effects
’ (Chapter 7) [ - (Chapter 8-9)

AP IV - Recommendations - Risk Assessment Strafegy  (Chapter 10)

Figure 1: Schematic description of the project and report structure

State of the art

Summarising the available information on the vertical distribution of soil invertebrates at
German crop sites it can be stated that:

Different soil invertebrate species prefer different soil layers, but are usually found
either in the litter layer (if present) or in the uppermost 5 - 10 cm of the mineral soil.
The most notable exceptions are anecic earthworms which can burrow several meters
deep.

Species living in the same soil layer often have common physiological or
morphological properties, i.e. they can be classified into ecological groups. The best
known example is the classification of earthworms into three groups (epigeic,
endogeic and anecic species (Bouché 1977), but similar groups have also been defined
for Enchytraeidae and Collembola (EFSA 2010b).

Depending on the site properties (soil, climate, land use etc.) typical invertebrate
communities consisting of species or ecological groups can be identified.

Since species and, accordingly, ecological groups differ in their vertical distribution,
they might also be differently exposed towards PPPs. The possible movement of the
animals in the soil profile should however not be disregarded. PPPs are usually
sprayed on the soil surface or on crop plants, meaning that a vertical concentration
gradient of these chemicals is the normal exposure scenario.
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Soil invertebrates can be exposed towards PPPs via four pathways:
Pore water
Contact soil
Ingestion of food (living or dead matter) and soil particles
Inhalation of air present in the soil pores

In addition, direct contact with the spray is possible for organisms living on the soil surface,
in the litter layer or in vertical burrows (e.g. anecic earthworms).

The relative importance of each of these uptake routes is determined by morphological (e.g.
structure of the epidermis), physiological (e.g. mode of uptake of water [drinking versus
uptake via the skin], mode of uptake of oxygen, feeding habits) and behavioural properties.
A general sub-division may be made between so-called ‘soft-bodied’ organisms (like
nematodes, earthworms, enchytraeids and some insect larvae) and ‘hard-bodied’
invertebrates (arthropods like spiders, some mites, insects, some collembolans, millipedes,
centipedes, harvestman, isopods, and some other terrestrial crustaceans like some crab
species). ‘Hard-bodied’ organisms have evolved special organs for assimilation of oxygen and
water, while for ‘soft-bodied’ biota uptake via the skin is the most important route of uptake
of water and oxygen. Contaminants and nutrients may also be taken up via these distinct
exposure routes while uptake of contaminants via food is possible for all biota. In this context
also the uptake via “secondary poisoning”, i.e. predators feeding on contaminated prey (e.g.
predatory mites on worms). Consequently, soil dwelling organisms are exposed to chemicals
by a variety of pathways. Most organisms share the feature that the relative contribution of
each pathway varies. On top of ecological impacts, these contributions depend on factors
like the hydrophobicity of the chemical and variations in environmental conditions like soil
type, climate, etc.

Terrestrial model ecosystems

The present study was designed to assess the effects of pesticides on soil organisms under
realistic conditions and exposure in soil. The study was conducted by means of Terrestrial
Model Ecosystems (TMEs, Figure 2). These systems provide the possibility to study natural
soil communities under standard conditions over a period up to one year (Schaffer et al.,
2008; Scholz-Starke, 2013; Scholz-Starke et al., 2013). The advantage of these systems is
that there are replicable and it is generally possible to measure and investigate different
taxa at the same time (Sheppard, 1997). They provide the possibility to analyse the
behaviour of pesticides over time for different soil layers by using adequate soil sampling
approaches which are also suitable to link between laboratory (see study [2] with
radiolabelled substances or ecotoxicological single species testing in lower tier risk
assessment) and the real conditions in field (Odum, 1984, Scholz-Starke, 2013). In the
present study, we used open TMEs that were cored in grassland and contained an undisturbed
soil community typical for grassland habitats. For study [1] and [3] they were placed outside
(outdoor) for study [2] they were placed in the laboratory (indoor).
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Figure 2: left: Terrestrial Model Ecosystem (TME) @ 467 mm, height 400 mm; right: schematic picture of the study facility in
Aachen

Methods

In this project, three separate studies were conducted in order to assess the exposure and
effects of pesticides on soil organisms. We conducted two different outdoor studies in
Terrestrial Model Ecosystems (TMEs) to monitor (a) the movement of pesticides in soil over
time and (b) the exposure and effects on soil organisms during the same time. Additionally
it was conducted an indoor TME study to measure the fate of the radiolabelled pesticides
Lindane and Imidacloprid and the formation of non-extractable residues in soil.

Table 1 : Application rates of the two pesticides involved in the first outdoor TME study [1] and sampling of different soil
organisms

Orib., Coll.,
(Conc. g a.s./ha) Enchy.  Earthw. Leach.

Imidacloprid

Conc. low 750 X X

Conc. high 000 0« x
Lindan

Conc. low 7500 X X

Conc. high 20000 x x

Conc. Earthw.= Concentratlon used for earthworm TME;
Leach. = Concentratlon used for Leached Water TME

Study [1] The first outdoor study was conducted with two different pesticides with different
physico-chemical properties, Lindane (log Kow > 3) and Imidacloprid (log Kow < 1), to assess
the effects on soil organisms under realistic conditions. The application rates were
0.75 kg/ha and 2 kg/ha for Imidacloprid and 7.5 kg/ha and 20 kg/ha for Lindane (Table 1).

Study [2] The second study was conducted in the laboratory with the same two but
radiolabelled pesticides and with the same applied concentrations to assess the fate of the
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active substances but also the formation of non-extractable residues as part of the total
exposition to soil organisms.

Study [3] The third study was additionally conducted as an outdoor experiment to assess the
toxic effects on earthworms because acute effects could not be measured in the first study.
In this third study it was used the agent Carbendazim which is known as earthworm toxic.
The application rates were 7.5 kg/ha and 15 kg/ha. The application rates were chosen with
the aim to produce significant effects on earthworms - while total erasure of the population
should be avoided.

Qutdoor |ndloor
Terrestrial Model Ecosystems
Bology Chemical Analysis
Held Sanples unlabelled | radiolabelled
Layer A 0-2.5cm ol L 81 [l 81| 8 g _____
. e ) 5 o)
B:2.5-5cm §—~.§—§— @g _Q-gg—
C510cm 6 é Sél é’g é‘-% 'g L
2 g = %
D 10- 20 cm & & £ 5
E 20- 40 cm

Figure 3: Link of analytical and biological data out of the field (outdoor study [1] and indoor laboratory study [2] by sampling
in Terrestrial Model Ecosystems (TMEs).

All three have in common that during the study the pesticide concentration and the toxic
effect on different soil animal taxa were measured in different soil layers over time (Figure
3) as well as the water inputs (precipitation) and outputs (leachate water, Figure 4) for the
whole TME. This approach should provide the possibility to merge the specific data with one
another and with the approaches and calculations that were made in the registration process
for pesticides at present time.
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Figure 4: Schematic profile (left) and picture of the facility for measurement of leachate water (right)

Results

Field study 1 TME: Concentrations of the test substances Lindane and Imidacloprid

Concentrations of Lindane (20 kg/ha) in the top soil layer (0-2.5 cm) were 61.5 mg/kg at day
1 and decreased to 13.0 mg/kg after one year; more than about 90 % of the extracted
substance remained in this layer for half a year, and after one year still 71 % were present
in this layer. The next layer (2.5-5 cm) contained 23 % of the extracted amount after one
year (3.2 mg/kg), whereas the lower layers had concentrations way below 1% of the
extracted amount. Imidacloprid (2 kg/ha) was only slightly more mobile with 9.1 mg/kg at
day 1 and 0.75 mg/kg after one year in the top layer (97 % and 56 % of the extracted amount,
respectively) and 0.28 mg/kg (day 1) and 0.49 mg/kg (day 365), equivalent to 3 % and 37 %
of the extracted amount in the layer 2.5-5 cm. Concentrations in lower layers were below
about 0.1 mg/kg.

Laboratory study 2: Concentrations using 14C-labelled pesticide

Lindane equivalent concentrations in the first cm layer were 168.2 mg/kg at day 1 and 74.9
mg/kg at day 180, and in the second layer (1-2.5 cm) 0.62 mg/kg and 39.52 mg/kg at day 1
and day 180, respectively. Concentrations in the next two layers (2.5-5 cm and 5-10 cm)
were each 2.87 mg/kg after 180 days; the bottom layer (10-20 cm) contained below 0.1
mg/kg Lindane equivalents at day 180. Also Imidacloprid equivalents had the highest
concentrations in the first cm of soil with 17.35 mg/kg (day 1) and 4.48 mg/kg (day 180),
respectively. Corresponding values in the second layer (1-2.5 cm) were 0.11 mg/kg (day 1)
and 1.86 mg/kg (day 180). The layer below contained less than 1 mg/kg (2.5-5 cm) and less
than about 0.1 mg/kg in the bottom layer (10-20 cm) after 180 days.

Comparison of experimental findings and modelling of exposure
Lindane, application rate 20 kg/ha (Example 1)

Initial concentrations (day 1) in the top 2.5 cm layer were 61.5 mg/kg (field study) and 55.1
mg/kg calculated by inverse modelling. In the lab study Lindane initial concentration in the
first cm layer (0-1 cm) was 168.2 mg/kg and the modelled concentration in this layer at that
time was 133.3 mg/kg.



After one year in the field experiment the concentration in the 0-2.5 cm decreased to 13.0
mg/kg (= 71 % of the applied amount); modelling resulted in a concentration of 14.8 mg/kg
after that time. In the first cm layer after one year, experimental concentrations (obtained
in the lab study) was 74.9 mg/kg, the modelled concentration was 50.7 mg/kg.

The next soil layer (2.5-5 cm) after one year contained 3.2 mg/kg in the field TMEs, whereas
inverse modelling resulted in a concentration of 0.3 mg/kg. After one year 0.34 mg/kg were
detected in the field TMEs (5-10 cm layer), but only 0.001 mg/kg were modelled. Only minor
(experimental) or zero amounts (modelled) were detected and expected in the lower soil
layers below 10 cm.

Thus, experimental findings and modelled concentrations were quite similar showing that
Lindane remained mainly in the top soil layers even one year after application. However,
modelling underestimated the concentration of Lindane in lower soil layers.

Imidacloprid, application rate 2 kg/ha (Example 2)

Initial concentrations (day 1) in the top 2.5 cm layer were 9.1 mg/kg (field study) and 8.5
mg/kg calculated by inverse modelling. In the lab study Imidacloprid initial concentration in
the first cm layer (0-1 cm) was 17.4 mg/kg and the modelled concentration in this layer at
that time was 21 mg/kg.

After one year in the field experiment the concentration in the 0-2.5 cm decreased to 0.75
mg/kg (= 56% of the applied amount); modelling resulted in a concentration of 0.1 mg/kg
after that time. In the first cm layer after one year, experimental concentrations (obtained
in the lab study) was 4.5 mg/kg, the modelled concentration was 1.2 mg/kg.

The next soil layer (2.5-5 cm) after one year contained 0.49 mg/kg in the field TMEs, whereas
inverse modelling resulted in a concentration of 0.14 mg/kg. Only minor (experimental and
modelled, < 0.1 mg/kg) amounts were detected and expected in the lower soil layers below
5cm.

Thus, experimental findings and modelled concentrations were quite similar showing that
Imidacloprid - despite a much lower Kow - remained mainly in the top soil layers even one
year after application.

Effects of the tested substances on soil organisms

All four observed organism groups (Collembola, Oribatida, Enchytraeidae, and Lumbricidae)
showed group and species specific vertical distribution patterns in the soil. These
distribution patterns were found to be also species-specific, but in each group the individual
species could be classified accordingly into three groups (e.g. the well-known epigeic,
endogeic and anecic earthworm groups). Consequently, different exposure patterns of
species/ecological groups to the respective pesticide could be in principle assumed. The
highest numbers of individuals were found in the uppermost soil layer (0-2.5 cm) for all
organism groups (Collembola, 68 %; Oribatida, 91 %; Enchytraeidae, 60 %; Lumbricidae,
36 %). Except of lumbricids, more than 80 % of all individuals were observed in the uppermost
5cm (Collembola, 92 %; Oribatida, 91 %; Enchytraeidae, 88 %). Effects of the three
pesticides on soil organisms could be detected in every soil layer (0-10 cm soil depth for
Collembola, Oribatida, and Enchytraeidae and 0-40 cm soil depth for Lumbricidae). They
were found to be species and substance specific, (e.g. collembolans were affected especially
by the insecticides). Both, acute effects (14 days after application) as well as long lasting
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effects (up to one year) were observed in the uppermost soil layer, as expected, due to the
high application rates chosen, to affect all groups. In the case of Lindane, the deliberately
chosen high concentrations remained high during the experiment in the upper soil layers;
the measured concentrations in the upper soil layers remained above the lethal values
derived from laboratory tests with the corresponding standard test species (i.e. Folsomia
candida for collembolans) over the course of the study.

Effect on total abundance relative to control [%] Effect on total abundance relative to control [%]
-150 -100 -50 0 50 100 -100 -50 0 50 100
. . \ . . . \ .
o-1cm | 16 days o-1cm { 114 days ]-
A I % %
0-2.5cm A ' ‘ 0-2.5cm 1 J " A @
2 255cm A A9 5 2.5-5cm A 1é
- g
8 * = *
5-10 cm a (] & s1cmq A L )
* *
10-20 cm A A (] 10-20 cm A AN (]
*
20-40cm { @ 20-40 cm A o
0 5 0 5 20 25 0 5 10 B 20 25
Mean measured concentration [mg/kg] Mean measured concentration [ mg/ kg]
Effect on total abundance relative to control [%]
-100 -50 0 50 100
0-1cm 7 148 days
* *
0-2.5cm - ' A0
— *
g 2.5-5cm o ‘
©
.55 * *
5-10 cm o Al Q
10-20 cm (<} A 0
* %
20-40 cm L.
T T
-5 0 5 0 15 20 25

Mean measured concentration [mg/ kg]

I Measured concentration (Carbendazim 15 kg/ ha)
1 Measured concentration (Carbendazim 7.5 kg/ ha)
. Inhibition [%] of total abundance (Carbendazim 15 kg/ ha)
A Inhibition [%] of total abundance (Carbendazim 7.5 kg/ha)
] Minimum detectable difference MDD (Wlliams t-test)

Figure 5: Decrease of total abundance of lumbricid species in the Carbendazim-treatments 7.5 kg a.s./haand 15 kg a.s. /ha
(5 replicates each) for the different soil layers in comparison to the control (5 replicates). Columns showing the measured
concentration for the two application rates at the respective sampling date. *: significant difference according to Williams t-
test; bars showing the minimum detectable difference (MDD) as value for the statistical power. MDD values higher than 100 %

are not shown.
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For all substances investigated, effects were observed in deeper soil layers even if the
measured concentrations were below the no observed effect concentrations known from
literature. This was found for collembolans exposed to Imidacloprid and Lindane as well as
for earthworms exposed to Imidacloprid and Carbendazim. An example is given for the
effects on earthworms in different soil layers of TMEs treated with Carbendazim (Figure 5).
These effects, e.g. on deep-digging earthworms, can be explained by the vertical movement
of these organisms within the soil column reaching upper layers with higher pesticide
concentrations.

Conclusions

General conclusions are given by answering the questions asked in the beginning of the
project:

¢ Can the assumed functional relationships between spatial distribution of a PPP in the
soil profile and the location of ecotoxicological effects be confirmed?

In the most cases the applied amount of pesticides led to high concentrations in the different
soil layers, as foreseen at the beginning of the experiment. Thus, the allover occurrence of
measured effects was expected according to the applied amounts of the different pesticides.
The main research questions of the experiment, though, regarded the distribution in the soil
profile of the applied chemicals and the respective ecotoxicological effects on different soil
organisms.

The results showed that effects of the applied chemicals were measured in the uppermost
soil layers as to be expected, but that especially in deeper soil layers effects were detected
that could not be explained or could not have been assumed by the related measured low
concentration of the pesticide.

e Is the exposure level and consequently the extent of ecotoxicological effects
modulated by the preferred position and the behaviour of soil organisms in the soil
profile?

According to the high amounts of pesticides applied in our experiment, that was chosen in
order to elicit effects on soil organisms deliberately, only in a few cases the concentration
in the uppermost soil layer was lower than the assumed NOECs derived from standard
laboratory tests. Thus, only in these cases a decoupling of exposure and effect was observed
already in the first centimetres of the TMEs. Regarding lower soil layers in the TMEs, often
the concentrations were at all times lower than the NOEC reported in the literature, but
effects could be nevertheless be observed already at the first sampling dates. This can be
most plausibly explained by vertical movement of the soil organisms. The vertical movement
is known for different soil organisms, e.g., earthworms that burrow deep in the soil but
regularly move to the soil surface for feeding. Consequently it can be stated that soil
organisms were affected, sometimes decoupled from the exposure derived from their
preferred position in soil, especially in the case of species preferring deeper soil layers. In
addition to the exposure measured in the preferred position in soil, the “real exposure” is
triggered by the behaviour i.e. vertical movement of the soil organisms, hence both factors
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will influence the extent of ecotoxicological effects. This means, that the assessment
approach has to be extended by inclusion of the migration behaviour of organisms. This is
particularly relevant for soils in which pesticides are distributed heterogeneously displaying
a concentration gradient.

¢ Is the spatial transfer of the maximum concentration of a PPP into different soil layers
over time accompanied by a sequence of effects in organism groups with different
mode of exposure?

For none of the three PPP a time-dependent shift of relevant proportions of the applied
amounts in deeper soil layers was observed. Only small shares of the applied amounts were
measured in deeper soil layers for both the lipophilic Lindane and the much less lipophilic
Imidacloprid. These amounts did probably not cause delayed effects in deeper soil layers,
since these concentrations were below no observed effect concentrations reported in the
literature. At the same time, in some cases a recovery could be observed later in the
experiments in the uppermost soil layers.

¢ Do active substances with different properties at a given time interfere with different
groups of organisms, each representing a typical mode of exposure?

In the soil type chosen for our experiments, the used pesticides did not behave very
differently with regards to their movement in soil. Consequently, the active substances
affected more or less the same organism groups at each individual point in time. This means
that effects were detected in deeper soil layers - in organisms also preferring those layers -
even if concentrations of pesticides with different properties were not high enough there to
elicit the observed effects. Derived from the present study, it seems that the
behaviour/mobility of the soil organisms plays a more important role in the overall effect
pattern than the distribution of the substance in the different soil layers.

Recommendations
Based on these results the following recommendations can be given:

Recommendation 1: Protection Goals

For the use of Terrestrial Model Ecosystems, field tests or ecological models e.g. as a higher
tier options in risk assessment, it is mandatory to develop operational, spatially explicit
protection goals.

Recommendation 2: Environmental chemisty

Regarding pesticide exposure, further research is needed to address the (partly not
expected) behavior of the three PPPs of the present studies in the soil profiles.

Recommendation 3: Exposure Modelling

The reliability of mechanistic computer models like PELMO has to be improved for
simulating loss processes at the soil surface such as photo- or microbial degradation and
volatilisation.
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Recommendation 4: TME Performance

A TME or field study to determine the effects of pesticides on the soil community should
mirror the (field) conditions of the target system and should be representative for the
regional circumstances i.e. climatic conditions or soil properties. The organism groups to
be monitored should be selected according to the special mode of action of the pesticide
and the results of available laboratory tests.

Recommendation 5:

For the performance of TME or field studies in the context of risk assessment it is not
necessary to differentiate between different soil layers. To assess effects of pesticides on
soil organisms, a representative capture of abundance of the different species of the
respective organism group must be guaranteed (and thus a certain soil depth has to be
sampled). The recommended soil depth for sampling of the four soil organism groups
studied here is 0-5 cm for Collembola, Oribatida, and Enchytraeidae as well as 0-40 cm for
Lumbricidae and corresponds to a number of more than 80 % of their total abundance.

Recommendation 6:

To get a thorough evaluation of the protection level of lower tiers using calculated
predicted environmental concentrations (PEC values) for different soil layers, it is
recommended to compare the effect concentrations derived from lower tier studies with
the effect concentrations derived from higher tiers, e.g. (semi-) field studies. A review on
the comparison of the different assessment steps for different pesticides is desirable.

Recommendation 7:

For Environmental Risk Assessment schemes, the predicted environmental concentrations
in soils (PECsiiinitiat) Should be derived from the calculation of the concentration of the
uppermost centimetre(s) and compared with the determined Effect Concentration.

Recommendation 8:

Basic soil ecological questions have to be answered in order to improve the environmental
risk assessment of plant protection products (PPP) for the soil compartment, especially for
the evaluation of higher-tier tests such as TMEs or field studies.
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