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MERLIN-Expo and VERMEER – History

THE 2FUN EU PROJECT (2007-2010)

THE 4FUN EU PROJECT (2012-2015)

THE MERLIN-EXPO TOOL (2015-…)

LIFE-VERMEER (2017-2021)
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MERLIN-Expo – General objectives
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Objective 1: to integrate in a common software a library
of models for full-chain HEA and EEA

Region of the 
assessment

Transport model

Multimedia 
models

Exposure behaviour 
models

PBPK models (HEA)

Objective 2: to integrate in the software all the
functionalities for generic and/or site-specific
uncertainty/sensitivity analysis

Food-web models (EEA)
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MERLIN-Expo – Library of models

River model
Inputs/outputs from/to 

atmosphere
terrestrial system 
aquatic biota

Within River exchanges by
Sorption/desorption
Deposition/resuspension
Diffusion

Invertebrate/Fish models
Inputs/outputs from/to 

water
sediments
preys

Processes
Respiratory uptake and excretion
Uptake via food and egestion
Growth
Metabolism A
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MERLIN-Expo – Library of models
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Mammals model
Inputs/outputs from/to 

drinking water, 
food

Processes
 Digestion in GIT and excretion, 
Diffusion GIT-Blood, 
Blood circulation in muscle, liver, kidney and milk,
 Partioning Blood-Fat, 
Urinary elimination, 
Excretion of milk



MERLIN-Expo – Library of models
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Describe the human body in detail 
and the redistribution processes of a 
substance:

 2 routes for administration
(inhalation and ingestion)

 The substance is distributed in 
23 tissues or organs 

 3 sites of metabolism (lungs, 
liver and gut)

 3 sites of elimination (via faeces 
or urine, exhalation)  



MERLIN-Expo – Library of models
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+ Mammals



MERLIN-Expo – possible scenarios
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MERLIN-Expo – Material for end-users
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etc…



MERLIN-Expo – Material for end-users
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etc…



MERLIN-Expo – Improvements in Life-Vermeer (1)
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Partition coefficients Kd

Degradation half-lives lwater

Bioconcentration factors BCF

Metabolic half-lives lfish

Parameter requirements in MERLIN-Expo



MERLIN-Expo – Improvements in Life-Vermeer (1)
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Parameter requirements in MERLIN-Expo

Blood/Tissue Partition coefficients 

Kblood/tissue

Diffusion rates
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MERLIN-Expo – Improvements in Life-Vermeer (1)
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Generation of parameter values from
databases and/or QSAR

… with uncertainty margins



MERLIN-Expo – Improvements in Life-Vermeer (1)
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Concretely

Missing value for the targeted chemical

You can ‘call’ VEGA

VEGA simulation

The parameter value is now available!



MERLIN-Expo – Improvements in Life-Vermeer (2)
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Advantage of MERLIN-Expo: its FLEXIBILITY!

(you can build any scenario, for any chemical…)

But: flexibility is difficult to cope with because you have to define yourself the 
scenario, to define yourself the parameter values, etc…
 some end-users may be afraid of their freedom... 



MERLIN-Expo – Improvements in Life-Vermeer (2)
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 It was decided to propose pre-defined scenarios for some case studies 

• The relevant models are selected and connected in line with regulation recommendations;
• Default values are defined for the majority of parameters
• Only a small number of parameters (e.g. site-specific, meteorology, etc) have to be informed

by end-users

95% of the ‘scenario building’ work is already done!

 the VERMEER tools
• VERMEER Rodenticides
• VERMEER Solvents
• VERMEER Metals

• VERMEER FCM 
• VERMEER Dispersants
• VERMEER Oil

Risk assessment of chemicals released in freshwaters



MERLIN-Expo – Improvements in Life-Vermeer (3)
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EXPOSURE       X        HAZARD        =         RISK



What to do with VERMEER: an example
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VERMEER RODENTICIDES – REGULATORY CONTEXT

The VERMEER Rodenticides tool was designed to be fully aligned with 

ECHA approach and scenario



What to do with VERMEER: an example
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VERMEER RODENTICIDES – PRE-DEFINED EXPOSURE SCENARIO



What to do with VERMEER: an example
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VERMEER RODENTICIDES – PRE-DEFINED EXPOSURE SCENARIO

Sediment

Phytoplankton
Pelagic invertebrates 

(mysid-type)

Benthic invertebrates 

(oligochaete-type)

Small pelagic fish (golden shiner-type)

Small bentho-pelagic fish 

(bluntnose minnow-type)

Small carnivorous bentho-pelagic fish 

(yellow perch-type)

Big carnivorous 

bentho-pelagic fish 

(lake trout-type)



What to do with VERMEER: an example
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VERMEER RODENTICIDES – EXAMPLES OF RESULTS

Dynamics of rodenticide 

(brodifacoum) in Fish 

species following a Dirac 

input

Dynamics of rodenticide 

(brodifacoum) in Otter 

following a Dirac input



What to do with VERMEER: an example
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VERMEER RODENTICIDES – EXAMPLES OF RESULTS

Raking of rodenticides based on Area Under the Curve (AUC) (with uncertainty range)



What to do with VERMEER: an example
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VERMEER RODENTICIDES – EXAMPLES OF RESULTS

Reverse modelling: starting from monitoring data in the environment to reconstruct 

exposure levels

Ex: Rodenticides in fish liver  reverse modelling  Mean rodenticides concentrations 

in water

Concentration measured in fish (Queich river)

(from Regnery et al., 2020)

Estimated concentrations from reverse modelling 

with VERMEER Rodenticides

… can be compared to hazard predictions 

from VEGA



What to do with VERMEER: other examples
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VERMEER SOLVENTS

… Model parameterized for more than 300 solvents

Risk assessment of solvents released in surface waters

Ranking ‘Green solvents’ vs ‘Classical solvents’



What to do with VERMEER: other examples
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VERMEER METALS

Distribution of 

metals among

free metal Mz+

metal complexed with inorganic 

ligands (OH-, Cl-, CO3
2-, etc)

metal complexed with DOC

metal sorbed onto POC

metal sorbed onto oxides

metal sorbed onto clay



https://www.life-vermeer.eu/
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