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▪ Harmonised Guidance

▪ Whole Mixture approach

▪ Component-based approach

▪ Include interactions

▪ Problem Formulation

▪ Exposure and Hazard 
Assessment

▪ Risk Characterisation

▪ Reporting Table

▪ Human Health, Animal Health

▪ Environment

MIXTOX Guidance Document (2019)
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Harmonised Framework
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Tiering Principles

Relationships between tiers, data availability, uncertainty, accuracy and outcome
of a risk assessment. Solomon et al. (2006) and MIXTOX GD.
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Problem Formulation

Is mixture RA 
warranted?

What is the 
characteristics 
of the mixture?

Whole mixture 
or Component 

based?

Grouping 
criteria?

What to do with 
chemicals not in 

the group?

What risk 
metrics to use?
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Exposure Assessment

Tier 0

Tier 1

Occurrence data Consumption dataExposure estimate

Tier 2

Tier 3

Default values, 
permitted levels

Default values, 
portion sizes

Food balance sheet
food basket

Modelled and 
experimental data

Monitoring
Surveys

Individual co-
occurrence data

Summary statistics

Individual data

Semi-quantitative 
point estimates

Deterministic

Semi-probabilistic

Probabilistic

Note: Occurrence and consumption tiers often do not match. The resulting exposure tier will be 
determined by the available data including for the occurrence of different components of a mixture

o Amount of each chemical in
food

o How much food is consumed ?

o Combine the two together for
each chemical
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Hazard Assessment

Go to risk characterisation

Hazard Identification 
Hazard characterisation
Human/Sub-population(s) 
Farm/Companion Animals
Environmental Specie(s) 
Ecosystem(s)

Step 1: Confirm components of Assessment Group 
Criteria for grouping (hazard, exposure etc.)

Step 2: Collect available hazard information 
e.g. Toxicity data, reference points, reference values, mode of 
action, toxicokinetic information, potency information. Identify 
the relevant entry tier for the assessment.

Step 4: Hazard characterisation 
Derive reference points f and reference values for each component 
of the assessment group, identify appropriate uncertainty factors 
using relevant tier. 

Step 3: Evidence for combined toxicity
Assess evidence for combined toxicity,  including potential 
deviation from dose addition. Identify the most appropriate tool 
for risk characterisation

Step 5: Summarise Hazard characterisation for each 
component of AG
List assumptions (potency, dose addition, interaction) 
List uncertainties

o How toxic is each chemical ?

o Get the toxicity values for each
chemical

o Do they interact and become more
toxic together?
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Risk Characterisation

Risk characterisation
Human/Sub-population(s) 
Farm/Companion Animals
Environmental Specie(s) 
Ecosystem(s)

Step 1. Summary Exposure and Hazard metrics
Exposure and Hazard information: WMA/CBA
Decision points from analysis plan
Assumptions (dose addition, interaction) 

Refine 

Step 2. Confirm/Revise approach for risk 
characterisation 
Start with a fit for purpose methodology based on 
problem formulation and available data and (hazard 
index, margin of exposure etc).

Step 3. Summarise risk characterisation results
Associated assumptions (exposure, potency, DA, 
Interaction)
List uncertainties. 

Step 4. Interpretation of risk characterisation 
metric 
Combined risk is acceptable or not (e.g. hazard index 
>1)

Discuss with risk managers
Stop or refine to higher tier

o Combine exposure and toxicity data
for all chemicals to get risk values

o Is there a concern for human health
or for the environment ?

o If No, Stop!

o If Yes, Refine or discuss with risk
managers to reduce exposure ?
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Implementing MIXTOX in Practice



Hazardous 
mixture

Be Careful 
With This One !

+ +

=

Limoncello Bargnolino Nocino

Interactions:

The “Cocktail Effect” 
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TK Plate: Example of Open Source Models

Metabolic Interactions and Combined Toxicity

▪ Mixture Toxicity can involve interactions

➢Check interactions for the RA if occurs at current levels of exposure

➢Integrate in risk characterisation (extra uncertainty factor, biological-based model etc )

Toxicokinetics Toxicodynamics

External Internal

Metabolism

Elimination

Detoxification

Bioactivation

Excretion

Food

Chemical A

Toxicokinetics Toxicodynamics

External Internal

Metabolism

Target organ

Elimination

Detoxification

Combined Toxicity

Potentiation

Synergism

Antagonism
Bioactivation

Excretion

Elimination

Inhibition

InductionFood

Chemical B

Integrate magnitude

in Risk Assessment



Dealing with Interactions
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Hazard characterisation of interactions between two chemicals in worker honey bees: Comparison of
effect prediction using concentration addition and experimental data (observed mixture) for the
characterisation of Model Deviation Ratio (MDR)
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MIXTOX2: Scientific criteria for 
grouping chemicals into assessment 
groups for Human Risk Assessment



Background  
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▪ May 2019-EFSA request for a scientific opinion on criteria for
grouping chemicals for human RA of mixtures

▪ Key element for setting cumulative assessment groups for human RA of 

pesticides as requested by DG-SANTE

▪ Relevance to CONTAM for grouping contaminants (PFAs, brominated FR etc)

▪ Relevance to FEEDAP in mixture RA of essential oils/botanicals

▪ Relevance to GD from FAF Panel for smoke flavourings and grouping. 

Includes chemical properties (e.g. structure, class, functional group etc). 

Use ECHA read across GD and OECD QSAR toolbox.

▪ Overall support all panels dealing with chemical RA



Grouping of chemicals into assessment 
groups
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▪ Scientific principles and relevant 

cross-cutting guidance

▪ Context of risk assessment (priorities, 

urgent, pre- and post-market)

▪ Tiering and fit for purpose scenarios 

consider available data

▪ Prioritisation approaches: Risk-based 

and exposure-driven

▪ Relevant EFSA areas and international 

activities 

▪ Harmonisation, avoid duplication

▪ Publication for public consultation



Mode of Action and 
Adverse Outcome Pathways
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External 
dose

Internal 
dose

Target Organ 
Concentrations

Molecular 
Initiating 

Event

Adverse 
Outcome

Key events

Toxicokinetics Toxicodynamics

Mode of Action

Adverse Outcome Pathway 



Hazard-Driven Criteria for groupin chemicals 
into assessment groups
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Top-down hierarchical process for grouping chemicals into Assessment Groups using hazard-
driven criteria

Common MoA/AOP 

Common Toxicological Effect
(Adverse Outcome) 

Common Target 
Organ/ System

Yes

Include in 
assessment group

In
cr

e
a
si

n
g
 u

n
ce

rt
a
in

ty

No

Exclude from 
assessment group

Unknown/No

Unknown

Unknown

Yes

Yes

No

Chemicals under Consideration
Defined from terms of reference 

AND Passing the gate keeper step



Prioritisation Methods: 
Risk-based and Exposure driven
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Assessment Group
Defined from Hazard-driven 

criteria (Figure 3)

Contribution to combined risk
➢ Pre-defined threshold ?

(e.g 10%) (2)

Contribution to single chemical risk 
> Pre-defined threshold ? (e.g. 

10%)(2)

Probability of co-exposure
> Pre-defined threshold ?

Hazard metrics for 
common effect or 

organ/system? (1) 

Hazard metrics for
critical effects? (1) 

Combined Risk metrics

Risk metrics for
single chemicals

Exposure-driven approach

Yes

Yes

Low-priority 
chemicals

Ye
s

No

Yes

No

Yes

No

No

No

Chemicals under consideration
Defined from terms of reference AND Passing the 

gate keeper step

Exclude 
from Grouping

Assessment Groups

Final Assessment 
Group

Refine using
Hazard-Driven 

Criteria  



Conclusions and Future perspectives
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▪ MIXTOX provides Harmonised GD for RA of multiple chemicals 

Incl. Frameworks for each RA step and reporting Table to summarise results of RA

▪ Scientific criteria for grouping Public consultation Draft Guidance (May 2021)

▪ Experience with Pesticide Residues: towards faster implementation and 

cooperation with Member States Organisations

▪ Future work in this area includes 

• New Approach Methodologies (NAMS) for RA of multiple chemicals 

• Dealing with interactions

• Physiologically-based models and other biologically-based models

▪ Environmental RA: Multiple stressors for bees (MUST-B opinion-May 2021)



Thank you for listening!

https://efsa.gitlab.io/multimedia/mixtox/index.htm#group-2-exposure-lfzctm4STc
https://efsa.gitlab.io/multimedia/mixtox/index.htm#group-2-exposure-lfzctm4STc

