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Concepts for conducting
Assessment of Mixtures
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 Published by Meek et al., 2011

 Principles can be applied in very 
different contexts

 And regulatory frameworks
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The European Approach
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Discussions / Societal concerns
Studies and publications
Literature Reviews (combinations of „low dose exposures“
„Something from nothing“)
European Projects (Acropolis, Euromix, EDCmixrisk,…)

Possibly relevant exposure scenarios, e.g.

Water Food Agricultural 
applications

Possibly relevant regulatory areas

396/2005 MRL - Regulation

1107/2009 Pesticide Regulation
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Grouping Approach proposed / conducted by EFSA
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 CAG level 1: Toxicological target organ

 CAG level 2: Common specific phenomenological effect

 CAG level 3: Common mode of action

 CAG level 4: Common mechanism of action
Rarely data 

available

Chemicals with 
common target organ 
toxicity (any effects in 
any study, dose level 

or species)

Exclusion 

Only based on 
specific data

Huge data collection
DTU, 2012

First CAGs were proposed for the
Thyroid (chronic)
Nervous system (chronic and acute)

CAG – Cumulative Assessment Groups



N H 2

Cumulative Assessment Groups - Slide shown in 2017
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European Approach – Principles of Cumulative 
Dietary Risk assessment of pesticide residues
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Establish CAGs 
of ALL 

compounds 
(present in EU 
diets) and ALL 
relevant target 

organs / 
toxicities

Large 
groups

Probabilistic 
exposure 

assessment 
(several 

population 
groups from 

different 
countries, 

food 
commodities) 

Risk 
Assessment 

(MOET > 
100, 99.9th 
percentile 

considered 
safe)

REFINEMENT 
(EKE)

CAG – Cumulative assessment group
MOET – Total Margin Of Exposure
MOE – Reference value / estimated exposure
EKE – Expert Knowledge Elicitation

Overall assumption: Dose additivity in case of common toxicity

Calculation done by EFSA
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Work done in the field of Cumulative dietary risk assessment – 
2013 - 2021
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2009: 
1st 

tryout: 
Azoles

2013 – 2019: Development of CAGs

2018-2020: Probabilistic 
retrospective CRAs

EFSA / 
DG 

SANTE 
Action 
Plan

Cumulative Assessment Groups 
(CAGs)

 2 chronic thyroid groups

 4 acute nervous system groups

 5 chronic nervous system groups

Retrospective Cumulative Risk 
Assessments (CRAs)

 Chronic hypothyroidism

 Acute motor division and acute 
AChE inhibition

 Chronic AChE inhibition



N H 2

23.03.20268

Substance A

Substance C

Substance B

Overall 
scores

Cumulative Assessment Group – example chronic thyroid group
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Cumulative Assessment Group – example chronic thyroid group

23.03.20269

Group Overall Scores # of AIs
1 1502.56 – 2791.19 7
2 461.99 – 1154.98 11
3 176.63 – 294.89 27
4 73.09 – 122.02 22
5 13.09 – 54.44 24
6 6.04 – 9.75 18
7 1.38 – 4.03 23
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Relevant outcomes and learnings from the first retrospective 
cumulative dietary risk assessments

 In all cases, „cumulative exposure does not reach the thresholds for regulatory consideration 
for all the population groups considered.“

 In the worst-case scenarios, the impact of uncertainties has been identified and exposures and 
hazards have been refined (Expert Knowledge Elicitation (EKE) process). 

 Cumulative risk is driven by only few substances and commodities

 Acute cumulative risks is especially driven by non-compliant samples (i.e. showing MRL 
exceedances)

 Exposure refinement difficult due to lacking data (e.g. processing factors, use frequencies)

 Hazard refinements possible by deriving Benchmark Doses (BMDs)

23.03.202610
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EFSA / DG SANTE Action Plan

Prioritization and elaboration of new cumulative 
assessment groups (CAGs)

Retrospective cumulative risk assessments

Prospective cumulative risk assessments

Integration of non-dietary exposure

23.03.202611
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European Approach – cumulative dietary risk assessment of 
pesticide residues
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Establish CAGs 
of ALL 

compounds 
(present in EU 
diets) and ALL 
relevant target 

organs / 
toxicities

Large 
groups

Probabilistic 
exposure 

assessment 
(several 

population 
groups from 

different 
countries, 

food 
commodities) 

Risk 
Assessment 

(MOET > 
100, 99.9th 
percentile 

considered 
safe)

REFINEMENT 
(EKE)

CAG – Cumulative assessment group
MOET – Total Margin Of Exposure
EKE – Expert Knowledge Elicitation

- Relevance of CAGs
- No. of compounds in CAGs
- Dose at which effect occurs

- Realistic retrosp. & prosp. 
exposure assessments
- Risk Drivers
- Selective uses
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Critical appraisal of the EKE to identify uncertainties in hazard-
based grouping
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1 – Evidence for similar mechanisms / 
same key events, e.g. craniofacial  
malformation AOPs (check e.g. relevant key 
events e.g. Cyp26 + IVIVE, or 
triglyceride accumulation + IVIVE)

2 – see examples for liver grouping (Foster 
et al., 2020), suggested kidney grouping 
(EFSA SO, kidney)

https://doi.org/10.1016/j.reprotox.2024.108753
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EKE appraisal for the CAG on 
craniofacial malformations

 Identification of lines of evidence to 
determine uncertainties in likelihood of 
(truly) belonging to the group

 Identification of specific indicators for 
grouping into CAG-DAC (abnormal skeletal 
development) and CAG-DAH (head soft 
tissue alterations and brain neural tube 
defects)

23.03.202614

https://doi.org/10.1016/j.reprotox.2024.108753
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Results from the evaluation of CAG-DAC membership probability 
assessment

23.03.202615

Large probability ranges are 
not useful for decision taking

ECHA RAC decision should
be taken into consideration

Compounds with low proba-
bility ranges could be 
removed from the CAG

Usefulness of the EKE me-
thodology can be questioned

https://doi.org/10.1016/j.reprotox.2024.108753
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EFSA Prioritization

 2-step prioritization analysis

Monitoring cycle 2019 – 2021
 Consumption of 36 raw primary 

commodities
 Total of 371 substances  350 were used 

for analysis

 Conduct probabilistic exposure calculations 
for acute and chronic exposure (on selected 
occurrence and consumption data)

23.03.202616
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EFSA Prioritization for substances

 Hazard quotients (HQ) have been assessed for each of the 350 substances

 HQ below 0.1 at the 99.9th percentile were considered having a marginal contribution to 
cumulative exposure

 Final priority list of substances is composed by 67 substances (out of 350) fulfill the criteria of 
HQ ≥ 0.1

23.03.202617

Exposure of the individual substance
Individual HBGVHQ =

HBGV = Health based guidance value, e.g. ADI
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Hazard Index (HI) calculations for specific organ systems

23.03.202618

HI = ∑ HQs
Organ-specific 

Organs with 
HI ≥ 1 (at the 99.9th 
percentile)
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EFSA Prioritization for Cumulative Assessment Groups (CAGs)

 Prioritized CAGs:
 KID
 LIV
 MRS
 RDT
 HAS (from acute 

scenarios)

 5 out of 16

23.03.202619

Chronic
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Since the prioritization exercise…

23.03.202620
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Comments on the Reproduction 
/ Dev tox CAG / CRA

 Only very few substances have LOAELs 
below 10 mg/kg bw

 Table does not reflect the individual margin 
of exposure between overall LOAEL and 
effect-specific LOAEL

 It could be considered to remove 
substances which show reproduction effects 
at doses >10 above the overall LOAEL 
(used for reference level derivation)

23.03.202621
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Apply lead effect

 Using the lead effect concept would reduce 
numbers of substances in a Cumulative 
Assessment Group

 Factors of e.g. 10 could be considered

Makes the probabilistic exposure 
assessment more transparent and less 
complex

23.03.202622
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Dose [mg/kg bw]

Critical 
effect/Lead 

effect

Other target 
organ 
effects

Reference dose

Estimated human 
exposure levels

LOAEL

NOAEL
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Proposed flow scheme for more stringent criteria application

23.03.202623

NOAELCTE – lowest NOAEL for the Common Toxic Effect
**NOAELLead – NOAEL used for ADI, ARfD

Colnot et al., 2020

no

no
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Unsolved issues and areas for further work

 Aggregate cumulative exposures / risk assessment
 Cumulative exposure via different routes of exposure (e.g. dietary and non-dietary pesticide)

 Prospective cumulative risk assessments
 Relevant for MRL applications

 Combination of data / assessments across regulatory areas – identify relevant exposure scenarios

 Smart combination with biomonitoring data (PARC – Real-life-mixtures; prioritized mixtures)

 Exposome (Home - The European Human Exposome Network (EHEN))

 Do we need more exposure data?

 How to do Risk Management in case of exceedance of risks?

23.03.202624

https://www.humanexposome.eu/
https://www.humanexposome.eu/
https://www.humanexposome.eu/
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