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Exposure to many different substances –
mixtures 
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EuroMix methodology and tools

EuroMix handbook
• Methodology and tools for mixture 

risk assessment
• Examples

EuroMix toolbox
• Web based toolbox for mixture risk 

assessment
• Data repository

EuroMix handbook and the EuroMix toolbox provide practical support 
to apply the recent OECD and EFSA guidance documents in mixture 
risk assessment
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Recent international guidance on 
mixture risk assessment

OECD: Considerations for Assessing 
the Risks of Combined Exposure to 
Multiple Chemicals, 2018

EFSA: Guidance on harmonised 
methodologies for human health, 
animal health and ecological risk 
assessment of combined exposure to 
multiple chemicals, 2019

EuroMix handbook is in line with the 
recent documents
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Risk assessment of mixtures of 
substances 

Whole mixture approach
§ Toxicity and exposure data on whole mixture
§ Many possible mixtures
§ Mixtures change composition

Component-based approach
§ Toxicity and exposure data on individual substances in the mixture
§ Predict toxicity of mixture

§ EuroMix is using the component-based approach
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Combine toxicities of substances in a mixture
• Dose addition

• Substances with similar toxicity
• Substances in mixtures treated as dilutions of each other scaled for the 

potencies
• Default, conservative model

• Response addition
• Toxicologically independent substances
• Joint probability of independent events

• Interactions
• Synergistic: 1 + 1 > 2
• Antagonistic: 1 + 1 < 2
• Rare, handled case by case

• Dose addition is the default model in the EuroMix tools
• EuroMix mixture experiments to identify possible interactions
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Dose addition using relative potency 
factors (RPFs)

The toxic potency of each substance is combined using dose addition

Exposure of each substance is multiplied with the relative potency factor 
(RPF)

Potency scaled exposure added to get the potency scaled exposure 
expressed as index substance equivalents

EuroMix toolbox is based on the RPF methodology
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Dose addition using relative potency 
factors (RPFs)

• Toxicity of index substance (Point of departure (POD), NOAEL/BMD): 
PODindex

• Toxicity of each substance in mixture (Point of departure, NOAEL/BMD): 
POD1, POD2, POD3, POD4 …

• Calculate Relative potency factor (RPF) for each substance: 
RPF1 = PODindex / POD1

• Exposure to mixture is scaled based on RPFs
• Expmix = Exp1 x RPF1 + Exp2 x RPF2 + …

• Margin of Exposure (MOE) is calculated:
• MOE = PODindex/Expmix

• MOE > assessment factors, combined risk of mixture is usually considered 
acceptable
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Grouping of substances

Group of substances included in the mixture risk assessment
Grouping based on e.g.:
• Common exposure source
• Structural similarities
• Toxicological considerations

EuroMix developed methods for grouping based on toxicological 
considerations
EuroMix toolbox can also be used for other types of grouping

Grouping can be done at different levels
• Organ
• Specific effect (adverse outcome)
• Specific mode of action/adverse outcome pathway
Grouping at level of specific effect will probably be most common
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EuroMix methodology and tools

• Component-based approach

• Grouping based on toxicological considerations

• Dose addition as default model

• Relative potency factors (RPF) approach

• Probabilistic exposure assessment

• Mainly dietary exposure

Very flexible

• Also applicable for other grouping principles (structure, exposure…)

• Any type of substance

• RPFs based on ADI/TDI, NOAEL/BMD for critical or specific effect or 

same potency for all substances

• Methodology to handle data poor substances 
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EuroMix handbook for mixture risk 
assessment

Practical handbook with templates, 
instructions and examples:
• Problem formulation
• Hazard assessment
• Exposure assessment
• Risk characterisation

EuroMix handbook and the EuroMix 
toolbox provide practical support to 
apply the OECD and EFSA guidances

Problem 
formulation

Exposure 
assessment

Hazard 
assessment

Risk 
characterisation

EuroMix toolbox
Tiering

Uncertainty
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EuroMix handbook – sections (1)

• Abbreviations
• Introduction
• EuroMix toolbox
• Problem formulation
• Hazard assessment

• Identification and assessment of AOP networks
• Collection and assessment of toxicity data from literature
• Tiered testing strategies
• Grouping of substances based on toxicological considerations
• Relative potency factors
• Mixture experiments
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EuroMix handbook – sections (2)

• Exposure assessment
• Probabilistic exposure assessment
• Absence of measured concentration data
• Non-dietary exposure assessment

• Risk characterisation
• Dose addition
• Margin of exposure
• Selection of main mixtures based on exposure and hazard data

• Tiering approaches
• Uncertainty analysis
• References
• Glossary
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EuroMix handbook – sections (3)

Annexes
• Detailed methodology and templates
• Examples
• Training material for EuroMix toolbox
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EuroMix handbook – sections (1)

• Abbreviations
• Introduction
• EuroMix toolbox
• Problem formulation
• Hazard assessment

• Identification and assessment of AOP networks
• Collection and assessment of toxicity data from literature
• Tiered testing strategies
• Grouping of substances based on toxicological considerations
• Relative potency factors
• Mixture experiments
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EuroMix toolbox

Web-based toolbox for mixture risk assessment
Based on previous MCRA tool
Upload toxicity and exposure data
Calculate exposure levels, relative potency factors, risk levels
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EuroMix toolbox-modules
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EuroMix toolbox-modules
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EuroMix toolbox user manual

Web-based user manual
• Descriptions of each module
• Settings
• Data formats
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Examples: Relative potency factors

Calculate relative potency factors (RPF) based on
• NOAELs/BMDs from literature
• In vitro or in vivo dose response data using dose response modelling
• TTC values
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Example: Active substances/
Assessment groups

Specify substances included in an assessment group
• List of substances
• Calculate based on in silico models
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Example: Combined dietary exposure 

Calculate combined dietary exposure and margin of exposure (MOE) using
• Consumption data
• Concentration data
• Relative potency factors (RPF)
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Example: Aggregate exposure

Calculate aggregate exposure and margin of exposure (MOE) using
• Dietary exposure
• Non-dietary exposure
• Relative potency factors (RPF)
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EuroMix handbook – sections (1)

• Abbreviations
• Introduction
• EuroMix toolbox
• Problem formulation
• Hazard assessment

• Identification and assessment of AOP networks
• Collection and assessment of toxicity data from literature
• Tiered testing strategies
• Grouping of substances based on toxicological considerations
• Relative potency factors
• Mixture experiments
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Problem formulation for mixture risk 
assessment

• Risk assessment question
• Description of the mixture
• Conceptual model
• Methodological approach
• Analysis plan 

• EuroMix developed a template 
for the problem formulation and 
analysis plan
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Problem formulation-example
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Problem formulation-example
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EuroMix handbook – sections (1)

• Abbreviations
• Introduction
• EuroMix toolbox
• Problem formulation
• Hazard assessment

• Identification and assessment of AOP networks
• Collection and assessment of toxicity data from literature
• Tiered testing strategies
• Grouping of substances based on toxicological considerations
• Relative potency factors
• Mixture experiments
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Toxicity data for mixture risk 
assessment
Toxicity data needed for 
• Grouping into assessment groups
• Relative potency factors

• In vivo data
• Not always available or feasible to produce for all substances

• In vitro data
• Inform grouping
• Relative potency factors using in vitro to in vivo extrapolation (IVIVE)
• Tiered testing strategies and set priorities for in vivo testing

• In silico data
• Inform grouping
• Tiered testing strategies and set priorities for in vitro testing

• TTC values
• Lack of in vitro or in vivo data
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Adverse outcome pathway (AOP) 
networks
• Adverse outcome pathway (AOP) networks can be used as basis for 

grouping of substances and to identify suitable assays for testing toxicity 

in vitro

• However, mixture risk assessment in the EuroMix toolbox does not 

require any information from AOPs, only one effect has to be specified 

for the assessment.

MIE KE KE KE KE AO

MIE

MIE

KE

KE KE
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Identification and assessment of AOP 
networks

Methodology based on OECD AOP methodology and handbook (2018)

• Identify any existing AOPs
• Develop new AOP starting from Adverse outcome (AO)
• Identify key events (KE) and KE relationships
• Focus on easily measured KEs
• Complete AOP not necessary
• Assess the postulated AOP
• Describe the AOP in the tables for use in EuroMix toolbox



molecular/cellular tissue/organ

FA influx
increase

(115, 
460, 
465)

De novo FA 
synthesis
(89, 458)

Triglyceride
accumulation

(291, 454, 881)

PPARγ-
activatio

n
(1028)

LXR 
activation
(167,438, 

1421)

Liver steatosis
(345, 459, 1418)

Endoplasmatic
reticulum
stress*

Fatty
liver 

cells**
CD36 

increase
(54)

AhR
activation

(18)

GR 
activation
(122, 494, 

1396)

RAR 
activation

*

FXR 
activatio

n
(1304)

PXR 
activation
(245, 239)

CAR 
activation
(71, 715)

PPARα-
antagonism
(231, 468)

Peroxisomal
AOX 

decrease*

Decrease of 
microsomal 

beta-oxidation 
(859) 

ChREBP
increase (66)

SREBP-1c 
increase

(264,1301, 
457)

FAS increase
(116, 463)

SCD-1 
increase (258, 

462)

Mitochondria
disruption (176)

Cytoplasm
displacement*,**

Nucleus
distortion*,**

AOP network for liver steatosis
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Modules for hazard data
AOP network
(e. g. steatosis) 

Effect 
(=key event) 
e.g. triglyceride 
accumulation

Effect 
(=key event) 
e.g. disruption of 
mitochondria

Effect 
relation

Test system
e.g. HepaRG cell line

Response
e.g. AdipoRed assay 
in HepaRG cells 

Effect 
representation

Dose-response experiment
e.g. experiment number 1

Substances
e.g. imazalil
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AOP network in EuroMix toolbox 

Coding of Effects (key events) and Effect relations (key event relationships) 
according to AOP wiki
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EuroMix toolbox-modules
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Collection and assessment of toxicity 
data from literature

Toxicity data for grouping of substances and for calculation of RPFs
Methodology based on systematic review and weight of evidence 
methodology

• Purpose of data collection
• Search for studies from reports, scientific publications
• Select the studies that contain relevant data
• Collect data from the studies
• Assess the data for reliability and relevance

Template for data collection using EuroMix toolbox data format
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Tiered testing strategy based on 
AOP networks

In vitro In vivoIn silico
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Tiered testing strategy based on AOP 
networks
Methodology
• Identify KEs that can provide info for grouping or RPFs in the AOP network
• Identify in silico, in vitro and in vivo assays for the KEs
• Assess the 

• relevance of the assays
• reliability of the assays
• availability and feasibility in terms of costs and resources
• information provided for grouping, RPFs, prioritisation for further testing

• Select assays to be included based on the assessments
• Describe the assays (test systems and responses) in the tables for use in 

EuroMix toolbox

• Template for description of tiered testing strategy



molecular/cellular tissue/organ

FA influx 
increase 

De novo FA 
synthesis 

Triglyceride 
accumulation

PPARγ-
activation

LXR 
activation

Liver 
steatosis

Endoplasmatic
reticulum 
stress

Fatty 
liver 
cells

CD36 
increase 

AhR
activation

GR 
activation RAR 

activation

FXR 
activation

PXR 
activation

CAR 
activation

PPARα-
antagonism

Peroxisomal 
AOX 

decrease

Decrease of 
microsomal 

beta-oxidation 

ChREBP
increase 

SREBP-1c 
increase 

FAS 
increase 

SCD-1 
increase 

Mitochondria 
disruption

Cytoplasm 
displacement

Nucleus 
distortion

AOP based testing strategy for liver steatosis
Green = in silico and in vitro
Orange = in vitro
Red = in silico
Blue = not measured
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Template for tiered testing strategy
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Modules for hazard data
AOP network
(e. g. steatosis) 

Effect 
(=key event) 
e.g. triglyceride 
accumulation

Effect 
(=key event) 
e.g. disruption of 
mitochondria

Effect 
relation

Test system
e.g. HepaRG cell line

Response
e.g. AdipoRed assay 
in HepaRG cells 

Effect 
representation

Dose-response experiment
e.g. experiment number 1

Substances
e.g. imazalil
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Assays (test systems and responses 
in EuroMix toolbox
Coding of test systems, responses and effect representations (connecting 
response and effect)
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EuroMix toolbox-modules
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Grouping of substances

Group of substances included in the mixture risk assessment
Grouping based on e.g.:
• Common exposure source
• Structural similarities
• Toxicological considerations

EuroMix developed methods for grouping based on toxicological 
considerations
EuroMix toolbox can also be used for other types of grouping

Grouping can be done at different levels
• Target organ
• Specific effect (adverse outcome)
• Specific mode of action/AOP
Grouping at level of specific effect will probably be most common
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Grouping of substances based on 
toxicological considerations

Methodology
• Level of grouping (target organ, common effect/AO, common specific 

mode of action /AOP)
• AOP network
• Substance category
• Collect toxicity data (in silico, in vitro, in vivo, human)
• Organise data in lines of evidence
• Assess data for relevance and reliability
• Decide on group membership using weight of evidence approach
• Report group membership in table for use in EuroMix toolbox (either 0 

(not included) or 1 (included) or a value between 0-1 indicating the 
probability for belonging to the assessment group)
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Template for organising data for 
grouping
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EuroMix toolbox-modules
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Dose addition using relative potency 
factors (RPFs)

• Toxicity of index substance (Point of departure (POD), NOAEL/BMD): 
PODindex

• Toxicity of each substance in mixture (Point of departure, NOAEL/BMD): 
POD1, POD2, POD3, POD4 …

• Calculate Relative potency factor (RPF) for each chemical: 
• RPF1 = PODindex / POD1

• Exposure to mixture is scaled based on RPFs
• Expmix = Exp1 x RPF1 + Exp2 x RPF2 + …
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Relative potency factors

• Point of departure (PoD) = NOAEL or BMD for each substance in 
assessment group

• Relative potency factor (RPF) = PoD of index substance/ PoD substance

Substance PoD RPF

Index substance 10 10/10 = 1
Substance 1 20 10/20 = 0.5
Substance 2 5 10/ 5 = 2
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Sources for Relative potency factors

• RPFs based on 
• ADI/TDI
• NOAEL/BMD for critical effect
• NOAEL/BMD for specific effect
• same RPF for all substances

• Data sources for RPFs
• RPF data from literature
• NOAELs from literature
• Experimental dose response data
• TTC values when no in vitro or in vivo data is available
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Benchmark dose response modelling

Benchmark response 
(BMR)

Benchmark dose (BMD)

Benchmark dose software Proast integrated into EuroMix toolbox
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Benchmark dose response modelling

Two scenarios for RPFs using Benchmark dose method:

• Purpose to derive BMDs to calculate RPFs for a group of substances, 

but the BMDs will not be used as a POD for the risk assessment

BMR selected anywhere on dose response curve

• Purpose to derive BMDs to be used as PODs in a risk assessment, e.g. 

for index substance

BMR should be chosen to reflect a no effect level, according to the 

EFSA guidance
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Index substance

Criteria for selection of index substance

• confidence that the substance is representative for the specific 

assessment group

• confidence that the substance causes the effect that is the basis for the 

risk assessment 

• the POD is derived from an in vivo study for the effect in focus for the 

mixture risk assessment

• quality and quantity of toxicity data, resulting in a high confidence in the 

POD

The index substance does not have to be the most toxic substance (i.e. 

lowest POD) in the assessment group
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Selection of point of departure (POD)

Several PODs available from several studies measuring same or different 
responses

• Comparability within the assessment group
• Same response for all substances

• Responses from different KEs in the AOP network
• Relevance of response, downstream in AOP

• Several PODs for same response
• Most reliable, conservative, overall POD

• Selection of POD in the EuroMix toolbox
• Lowest or mean
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In vitro to in vivo extrapolation (IVIVE)

• RPFs calculated using in vitro data, at the level of the in vitro system, the 
cell

• Dietary exposure data is expressed as external exposure, intake
• In vitro to in vivo extrapolation (IVIVE) is needed to use the in vitro RPFs 

in the dietary exposure assessment
• Two options to extrapolate are implemented in the EuroMix toolbox:

• Inverse dosimetry using absorption factors
• Inverse dosimetry using PBK models

• In both options is the in vitro BMD for each substance multiplied by a factor 
to extrapolate to the external BMD
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Imputation of missing point of 
departure data

POD based on Munro collection of TTC values

• Database of NOAEL values compiled by Munro et al 1996 can be used

• NOAELs can be divided into Cramer classes

• 5th percentile of the NOAELs in each class can be calculated and used 

as a conservative estimate of NOAEL

• Mean value or uncertainty sampling of all values also possible

POD based on existing PODs in the assessment group

• 5th percentile, mean or uncertainty sampling of all values 



This project is funded by the Horizon 
2020 Framework Programme of the 
European Union

EuroMix toolbox-modules
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Mixture testing

test substances

single substances binary mixtures

§ dose response curves
§ Relative Potency Factors (RPF) 

§ equipotent mixtures
§ dose additivity?
§ interactions?
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Mixture testing

Methodology
• Equal potency of substances
• RPFs of individual substances needed
• Several doses of individual substances and 

binary mixture
• Results analysed using benchmark dose 

method

Black 
triangles and 
red crosses: 
single 
substances 
Green 
diamonds: 
mixture
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EuroMix handbook – sections (2)

• Exposure assessment
• Probabilistic exposure assessment
• Absence of measured concentration data
• Non-dietary exposure assessment

• Risk characterisation
• Dose addition
• Margin of exposure
• Selection of main mixtures based on exposure and hazard data

• Tiering approaches
• Uncertainty analysis
• References
• Glossary
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Probabilistic dietary exposure 
assessment
Probabilistic exposure assessment in EuroMix toolbox is based on previous 
MCRA tool and in line with EFSA guidance
Distribution of exposure and quantification of uncertainty

Acute - effect caused by a short time or single exposure
Chronic - effect caused by a longer time exposure

Food consumption data from consumption surveys
Concentration data from measurement of levels of substances in food
Conversion of food-as-eaten to foods-as-measured
Processing factors
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EuroMix toolbox-modules
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Absence of measured concentration 
data

• Extrapolation from other foods
• Use of legal limits in food 
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EuroMix toolbox-modules
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Non-dietary exposure assessment

• Model non-dietary exposures in external programmes
• Import non-dietary exposure into EuroMix toolbox
• Combine with dietary exposure
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EuroMix toolbox-modules
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EuroMix handbook – sections (2)

• Exposure assessment
• Probabilistic exposure assessment
• Absence of measured concentration data
• Non-dietary exposure assessment

• Risk characterisation
• Dose addition
• Margin of exposure
• Selection of main mixtures based on exposure and hazard data

• Tiering approaches
• Uncertainty analysis
• References
• Glossary



This project is funded by the Horizon 
2020 Framework Programme of the 
European Union

Risk characterisation

Dose addition default model

Margin of exposure (MOE)

MOE = PODindex/Expmix

MOE > assessment factors, combined risk of mixture is usually considered 
acceptable
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Margin of exposure-example
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EuroMix toolbox-modules
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Selection of main mixtures

• Selection of most common mixtures based on food consumption 
patterns, concentration data and RPFs

• Statistical method Sparse Nonnegative Matrix Underapproximation 
(SNMU)

• Can be used for prioritisation for refinement and mixture testing

Crépet et al 2019. Int J Hyg Environ Health. 222:291-306
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EuroMix toolbox-modules
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Tiering approches
Conservative approach at low tier
If MOE is sufficiently protective, refinement and higher tiers are not needed

Different tiers are available in the EuroMix methodology and toolbox
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Uncertainty analysis

Uncertainties related to the different steps the mixture risk assessment
• Identify and describe uncertainties
• Quantify uncertainties if possible
Template for uncertainty analysis
EuroMix toolbox provides many possibilities for uncertainty analysis
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Conclusions

• EuroMix handbook and EuroMix toolbox provides practical support to 
perform mixture risk assessment and testing of substances in line with 
recent OECD and EFSA guidance

Problem 
formulation

Exposure 
assessment

Hazard 
assessment

Risk 
characterisation

EuroMix toolbox
Tiering

Uncertainty
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EuroMix participants
22 beneficiaries from 16 countries linked to international organisations including WHO, FAO and EFSA. 

EuroMix is coordinated by RIVM.


