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Overview of All Training Videos

DoE 1) Basic Concepts and Principles in Exposure Science

DoE 2) Fundamentals of Environmental Chemistry and (Eco)Toxicology

DoE 3)   Exposure Modelling

DoE 4) Exposure Monitoring

DoE 5) Exposure Assessment and Risk Characterisation

DoE 6) Risk Management and Sustainability Assessment

DoE 7) Relevant Legislative Frameworks

DoE 8) Risk Communication and Stakeholder Engagement

DoE 9) Statistics and Epidemiology

Access all videos via: https://ises-europe.org/



Domain of Expertise (DoE) 3:
Exposure Modelling

Module 1

Module 2 Human exposure modelling: General concepts and worker

Introduction, context&regulation, concepts for exposure modelling 

Module 3 Human exposure modelling for the general population

Module 5 Validation&evaluation, advantages&limitations, conclusions

Module 4 Environmental exposure modelling
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Context and Disclaimers

About This Lecture

This lecture provides an introductory framework, with some topics simplified for

ease of understanding.

Disclaimer

• The content presented herein does not necessarily reflect the opinions, views, or positions of the

presenters' employer or any affiliated organizations.

• References to specific organizations, tools, or entities are for illustrative purposes only and do not
imply endorsement or critique.

• While every effort has been made to ensure the accuracy of the information presented, errors or
omissions may occur.



Learning Objectives

• Understand principles of environmental exposure modelling

• Understand the concept of compartment models and their use

• Describe tiered approaches in environmental exposure modelling

• Explain environmental exposure modelling for pesticides



Content

1. General principles

2. Describing environmental processes  

3. Environmental exposure modelling under REACH

4. Environmental exposure modelling for pesticides

5. Summary



General Principles

• Degradation, metabolisation

• Partitioning

• Transport

- Dose-Effect Relationships

see DoE 2

Exposure modelling for environmental risk assessment focusses on 
environmental compartments and representative organisms



Environmental Media = Env. Compartments 

Picture: BASF, 2007
PEC: Predicted Environmental Concentration
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Compartment Models for Degradation

Degradation, metabolism 

Assumption: degradation follows first order 

rate law
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Degradation: Graphical Representation
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Compartment Models for Partitioning

Csoil, Cwater: concentration in soil, water 

fOC: fraction of organic carbon in soil

kads: kinetic constant adsorption

kdes: kinetic constant desorption

KOC:  distribution coefficient,

Normed by organic carbon (oc) fraction

(also sorption coefficient)

kad

s

kdes

SoilWater

Further sorption models: Freundlich and Langmuir-isotherms 

Assumption: linear 

sorption

In 

equilibrium



Compartment Models for the “Real World”

Multimedia models

Air A

Source Q Soil, Dust S

Water W

Henry’s law

Biological 

tissue B 

Human, 

Animal ...

OC: organic carbon

Image credit: Hollander et al., 2008, JEM https://doi.org/10.1039/B803760D 



Multimedia Models: Definition and Examples

Definition 

Multimedia models are based on the subdivision of a 'unit-world' into representative 

fractions of relevant media, such as the air, surface and groundwaters, soil and biota. 

Chemicals are distributed between the media according to certain physico-chemical 

properties 

Some examples include

• SimpleBox

• RAIDAR (used by US EPA)

• BETR-Global 

• CliMoChem

European Environment Agency (EEA) https://eea.europe.eu

Can be used to describe transport via air
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European REACH legislation

- Regulation on the registration, evaluation, authorisation and 
restriction of chemicals (REACH)

- Entered into force 2007

- Applicable to industrial substances 

- Applicable to substances for end users when no separate 
legislation applies (e.g. food, cosmetics, food contact materials)

- Responsible Agency: European Chemicals Agency (ECHA)

See also DoE7



Multimedia Modelling under REACH

Primary focus on surface water

• Calculation Clokal

• PECregional

(Multi-media Model Level III)

• C-continent only as input to 

Multimedia Model

Assumptions:

• Immediate, complete mixing

• Disregard evaporation, degradation, sedimentation in first Tier

ECHA 2016 Guidance on information requirements and Chemical Safety Assessment  

Chapter R.16: Environmental exposure assessment https://www.echa.europa.eu



Model Equations for PEC under REACH

PEClocal,water: PEClocal for surface water

Clocal,water: Concentration in water during emission (mg/l)

Clocal,effluent: Concentration in effluent of treatment plant (mg/l)

Ksolid-water: distribution coefficient for suspended matter distributed between 

solid matter and water (l/kg) 

Csolids: Concentration suspended matter in water body (mg/l), Default-value:15

fdilution: dilution factor (-)          Default-value: 1/10 (0.1)

ECHA 2016 Guidance on information requirements and Chemical Safety Assessment  

Chapter R.16: Environmental exposure assessment https://www.echa.europa.eu
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European pesticide legislation

- Currently based on regulation EC/1107/2009

- Pesticide legislation has a long history, dates back to the 
1970s

- Applicable to pesticides

- Responsibility: DG SANTE and European Food Safety 
Agency (EFSA)



Pesticide Exposure Modelling

PECini Initial predicted environmental concentration 

(directly after spraying). For lower Tier assessment

A Applied amount of pesticide

fint interception by crop

d mixing depth, matrix-dependent 
(e.g. 30 cm for surface water, 1 or 5 cm for soil)

⍴ density of matrix 
(e.g. 1.5 kg/dm3 for soil, 1 kg/dm3 for water)

PECtwa Time-weighted average PEC (sum exposures divided by 

days of exposure � area under curve) 
For higher Tier assessment

DT50 Half-life: Time when 50% of parent is degraded

twa Assumed duration of exposure (matches ecotox test for 
risk assessment)

PEC
act

actual PEC at a specific time point

All environmental compartments assessed



Risk Assessment: 
Comparing Exposure and Effect

→ Tiered approach



Modelling Pesticides in Surface Water

Drift, runoff, drainage and/or erosion 

Models used in regulation see FOCUS DG Santé

https://esdac.jrc.ec.europa.eu/projects/focus-dg-sante

Step 1: All entry paths are 

added up

Step 2 calculation Spraydrift, 4 

days later input via runoff, 

drainage, erosion

Drainage

Run off

Drift

BASF, 2007



Groundwater Modelling

KOC-value DT50-

value

Substance 

data

Scenario-

Data

Soil

soil profile 

soil properties

Weather

rain,

temperature

Mean concentration in 1 m depth (20 years simulated)

Total amount of pesticide in total percolated water 

Models used in regulation see FOCUS DG Santé

https://esdac.jrc.ec.europa.eu/projects/focus-dg-sante

Models based on differential 

equations for the water- and 

heat flux in soil, eg. the 

Richards equation



9 FOCUS-groundwater-scenarios of real places in 

the EU (with known soil- and weather parameters)

Geographical 

situation

Mean 

Temp (°C)

Yearly rainfall 

(mm)

soil OM 

(%)

Chateaudun 11.3 648+I Ltu 2.4

Hamburg 9 786 Ls 2.6

Jokioinen 4.1 638 Sl 7

Kremsmünster 8.6 900 L/Lu 3.6

Okehampton 10.2 1038 L 3.8

Piacenza 13.2 857+I L 1.7

Porto 14.8 1150 L 6.6

Sevilla 17.9 493+I Lu 1.6

Thiva 16.2 500+I L 1.3

Exposure Scenarios for Pesticides

Final report FOCUS Groundwater, Sanco/13144/2010, v.3, 2014, https://esdac.jrc.ec.europa.eu/public_path/projects_data/focus/gw/NewDocs/focusGWReportOct2014.pdf



Final report FOCUS Groundwater, Sanco/13144/2010, v.3, 2014, https://esdac.jrc.ec.europa.eu/public_path/projects_data/focus/gw/NewDocs/focusGWReportOct2014.pdf

Tiered Approach
Example: Pesticides in Groundwater
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Summary

• Models for environmental exposure are based on general 

principles that often assume steady state for simplification

• Depending on the legislation (e.g. pesticides, REACH) 

different data sets are available for modelling and the 
models have different levels of detail

• Different legislations may focus on different environmental 

compartments depending on the emission scenario



Consequent Modules

Module 5:

• Validation & evaluation, advantages & limitations, conclusions

Future training videos:

• Additional details may be covered by ISES Europe in specialized 
training videos.



Thank You!

We appreciate your participation and attention

We encourage you to explore other ISES Europe training 

videos for deeper insights and broader understanding

Access all videos via: https://ises-europe.org/



Further Reading

A review of multimedia transport and fate models for chemicals: Principles, features and applicability

Su C, Zhang H, Cridge C, et al.

https://doi.org/10.1016/j.scitotenv.2019.02.456

The state of multimedia mass-balance modeling in environmental science and decision-making

MacLeod M, Scheringer M, McKone TE, et al.

https://doi.org/10.1021/es100968w

Guidance on information requirements and Chemical Safety Assessment under REACH

Chapter R.16: Environmental exposure assessment

European Chemicals Agency (ECHA)

https://www.echa.europa.eu

Environmental Risk Assessment for Pesticides

European Food Safety Agency

https://www.efsa.europa.eu/en/topics/environmental-risk-assessment-pesticides

https://doi.org/10.1016/j.scitotenv.2019.02.456
https://www.bohs.org/information-guidance/

