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Linking exposure and effect 
models for soil risk 
assessment
– a potential tool to answer burning 

questions in soil risk assessment

T.G. Preuss, C. Oberdoerster, S. Oberdoerster, 
A. Gergs



New PECsoil guidance: More 
conservative exposure estimation, e.g. 
Soil layer (0-1 cm), wash-off, soil bulk 
density, PEC_liquid

Upcoming changes

Exposure profiles vary in both time and space. For these reasons, 
the following research needs are proposed:
• Reliable models of movement for endogenic earthworms, 

within the soil profile;
• Dynamic models of exposure providing soil and pore-water 

concentrations at all relevant soil depths and varying with time;
• TK/TD models capable of linking toxicological effects to internal 

body concentrations in time;
• Ideally, these three combined components would be integrated 

into the system model used to develop the population-modelling 
‘surrogate reference tier’.



A modular approach
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Exposure
• time
• space

Individual
• Behaviour (E)
• Physiology  (E, MTE, DEB)
• Autecology (E)

Population
• abundance
• structure

PEARL
PELMO
Hydrus
….

TKTD
models

Individual 
based 

population 
models

WeatherSoilGAP Migration

Each modules themselves should be validated for the purpose used!

Lethal effects:
• Concentration-response
• GUTS
Sublethal effects:
• Concentration-response
• DEB

E: Empirical
MTE: Metabolic theory ecology
DEB: Dynamic energy budget model



Problem homogenous vs heterogenous exposure 

Exposure modules
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Increasing complexity in 
application technologies:

• band application
• precision farming

• seed treatment
• drip applications



TKTD modules – linking exposure and effects
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Lethal effects  GUTS 

• generic model no species specific data needed

• calibration method standardised to get reliable compound 
specific parameters (EFSA SO TKTD models, 2018)

Sublethal effects  DEB

• species specific parameterisation needed (Add my pet 
database) 

• calibration method standardised to get reliable compound 
specific parameters (DEB Community) The physiological DEB part … needs to be 

evaluated separately from the TKTD part and this 
should be done ahead of submission … for 
regulatory use (e.g. by a group of experts at EU 
level). 

The current state of science in the GUTS 
framework is sufficient to facilitate the use of these
models in the aquatic risk assessment for 
pesticides ….



TKTD modules – linking exposure and effects
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Species specific DEB Models available in the Add 
my Pet database

Earthworms:
Eisenia fetida
Lumbricus terrestris
Dendrobaena octaedra
Octolasion cyaneum
Aporrectodea longa

Springtails:
Folsomia candida 
Isotoma viridis
Tomocerus minor 
Entomobrya nivalis
Orchesella cincta
Lepidocyrtus cyaneus

Mites:
Rhizoglyphus_robini

The physiological DEB part … needs to be 
evaluated by a group of experts at EU level… 



TKTD modules
Dose metrics
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external 
concentration 

(over time)
internal concentration

damage

effect model effect 
(over time)

Toxicokinetics Toxicodynamics

external 
concentration 

(over time)
scaled damage effect model effect 

(over time)

Toxicokinetics/ Toxicodynamics

Scaled damage

• Measured kinetics
• QSAR prediction
• prediction by physiological base toxicokinetic models



Behaviour module
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Spatial heterogenous exposure translate for soil organism 
which moves into the soil column into temporal 
heterogenous exposure.

Therefore realistic estimation of movement behaviour under 
different environmental conditions is key!

 Currently no standard module available



Earthworms

Movement models
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L. terrestris
(Johnston et al., 2018)

A. caliginosa
(Johnston et al., 2014b)

E. fetida
(Johnston et al., 2014a)

Random movement:
• Direction: -90 to 90 °
• Step length: 5 cm/day



Patch-by-patch movement 

• Distance [cm] drawn from a lognormal distribution12)

• Through scaling (patch 1x1cm) and iteration moving 
paths per day can be recorded

Decision making

• Probability for attraction ‘p-ges’ 
Organic matter content (15x)10,13), Temperature (3x)7), 
soilair (1x)9)

and pH (1x)11)

70% patch with highest attraction (probability) is 
chosen

Movement model
Collembola - Roeben et al. 2013

Movement
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Example FOLCAS Roeben et al. 2018

Testing movement models
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Example Earthworms – cooperation BAYER and INRA ongoing

Testing movement models
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Experiments conducted Y. Capowiez



Example Earthworm

Behaviour model
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Application of the behaviour of L. terrestris simulated with Johnston model (Johnston, 2018) and the 
exposure calculated with PEARL

Exposure Individual Population
PEARL Metabolic scaling theory

individual based 
population modelConcentration-response



Example Earthworm

Behaviour model
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Example Earthworm

Behaviour model
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Earthworm (L. terrestris) movement
from Johnston (2018) model

Related (total) soil concentrations
from FOCUS PEARL calculations



Example Earthworms – Thorbek & Johnston (2017)

Linking exposure and effects

A. caliginosaL. terrestris

0.1333 mg/kg

Current RA:
PEC 5 in 50 cm

0.1333 mg/kg

PEC 5 in 5 cm

0.0667 mg/kg

PEC 10 in 10 cm

0.0133 mg/kg

PEC 50 in 50 cm

FOCUS scenarios

Simplified exposure scenarios

 Worst case-exposure scenario is different 
for different species

 Results differ markedly between 
simplified exposure and FOCUS scenarios

 Since no worst-case can be defined risk 
assessment should be conducted as 

realistic as possible
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FOCUS Scenarios

Results
I. FOCUS Scenarios

1 Châteaudun

2 Hamburg

3 Piacenza

21.95 %

16.07 %

31.91 %

23.08 %

36.11 %

47.06 %

4 Porto

Sugarbeet
21 Wintercereals

32.05 % 5.45 %

1 Châteaudun

2 Hamburg

3 Piacenza

21.95 %

16.07 %

31.91 %

23.08 %

36.11 %

47.06 %

4 Porto

Sugarbeet
21 Wintercereals

32.05 % 5.45 %

/// Bayer 16:9 Template /// June 2018

Exposure Individual Population
PEARL Empirical individual based population modelConcentration-response
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FOCUS Scenarios

Results
I. FOCUS Scenarios

 No correlation 
between PECsoilinit and 
observed maximum 
effect
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 Scenario and crop selection influence the extent of the effect 
on collembolan populations 

 No correlation of effects with PECsoil



A modular approach
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Exposure
• time
• space

Individual
• Behaviour (E)
• Physiology  (E, MTE, DEB)
• Autecology (E)

Population
• abundance
• structure

PEARL
PELMO
Hydrus
….

TKTD
models

Individual 
based 

population 
models

WeatherSoilGAP Migration

Each modules themselves should be validated for the purpose used!

Lethal effects:
• Concentration-response
• GUTS
Sublethal effects:
• Concentration-response
• DEB

E: Empirical
MTE: Metabolic theory ecology
DEB: Dynamic energy budget model

? ?
?



Conclusion
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 Exposure of soil organism emerge from spatial exposure pattern and movement behaviour

 Effects differ markedly between simplified exposure and detailed calculated scenarios

 Since no worst-case can be defined risk assessment should be conducted as realistic as possible

 Integrated risk assessment of using a modular model approach to link exposure and effect models will 
allow a conservative risk assessment and thereby reducing the uncertainty of our current approach

 In future we might not have political discussions about 1 or 5 cm depth (for neither being a scientific 
rational) 

 Instead we will discuss things which are measurable and have a true and realistic distribution (e.g. 
the behaviour of earthworms, dynamics of OC in the soil scenario)

 A lot of tools are already available, some well tested, some already accepted in regulatory frameworks

 Let use this tools in a modular approach and focus future research on the missing parts (for this 
question it is autecology and behaviour of soil organisms)



///////////

Thank you!

Bye-Bye



Example Earthworm

Behaviour model
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One day of life of L. terrestris in Châteaudun…
Earthworm movement simulated
by Johnston (2018) model,
environmental conditions (soil
temperature, moisture, OM) taken
from depth profile of FOCUS 
PEARL calculations

To which soil concentrations of Imidacloprid (1 x 117 g/ha, March 25) is one individual exposed during 
one season?

Simulated (total) soil concentration
profiles taken from FOCUS PEARL 
calculations:
Imidacloprid, 1 x 117 g/ha at March 
25 (DOY 84) in sugar beet


