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Past Activities on Chemical Mixtures in EFSA 
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METHODOLOGIES 

 Problem formulation 

 What to consider prior to a risk assessment (RA) 

 Relevance exposure/co-exposure/hazard/toxicity/population exposed 

 

 Exposure Assessment 

 Depending on data availability/ purpose of RA: Tiered Approach 

 From default values to full probabilistic models 

 

 Hazard Assessment 

 Depending on data availability/ purpose of RA: Tiered Approach 

  Whole mixture approach/component-based approach 

 Default values-probabilistic models : e.g.PB-TK / PB-TK-TD models 

 

 Risk characterisation/uncertainty analysis 

 Combine exposure and hazard assessment-sum risk estimates 

 Discuss uncertainties for each step (exposure, hazard, risk…) 
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 Panel on Plant Protection Products and their Residues 

 EFSA (2008) suitability of existing methodologies assessing 
cumulative and synergistic risks from pesticides to human 
health to set MRLs (Regulation (EC) 396/2005). 

 EFSA (2009) Risk assessment Cumulative Effects- Triazole 
fungicides 

 

 EFSA (2013)  

1.Identification of pesticides to be included in cumulative 
assessment groups on the basis of their toxicological profile. 

 2.Relevance of dissimilar mode of action and its appropriate 
application for cumulative risk assessment of pesticides 
residues in food. 

SCIENTIFIC OPINIONS-HUMAN RISK ASSESSMENT (I) 

Future Mixture RA EFSA 
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SCIENTIFIC OPINIONS -HUMAN RISK ASSESSMENT (II) 

 

 Panel on Contaminants in the Food Chain 

 

 EFSA (2008) Polycyclic Aromatic Hydrocarbons in Food 

 

 EFSA (2009) TEF approach-Non-ortho polybrominated biphenyls 

 

 Marine biotoxins –Saxitoxin Group Pectenotoxin Group 

 

  EFSA (2011) Whole mixture approach applied to Mineral Oil 
Saturated Hydrocarbons 

 

 EFSA (2012) dose addition approach- 

 Pyrrolizidine and Ergot alkaloids 

Harmonisation HRA ERA multiple chemicals 
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 Panel on Plant Protection Products and their Residues 
 

 EFSA (2012) Science behind the development of a risk 
assessment of Plant Protection Products on bees (Apis mellifera, 
Bombus spp. and solitary bees)  

 

o Methodologies to deal with mixture toxicity/synergistic effects of 
pesticides in honey bees, bumble bees and solitary bees 

 

o Key  Recommendations  

• Need dose responses: lethal/sub-lethal effects in adults/larvae to 
predict magnitude of interactions for honey bees, solitary bees 
and bumble bees- Lab work performed on 6 compounds and 6 
mixtures for 3 species-publication summer 2016. 

• Include multiple stressors in risk assessment (e.g  chemicals and 
bee diseases): MUST-BEE project on-going 2015-2019 

 

 

 

 

-SCIENTIFIC OPINIONS –ECOLOGICAL RISK ASSESSMENT- 
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Main title 
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WHO FRAMEWORKS 

 Modified from WHO (2011) 
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models) 
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Tiered Exposure Assessments 
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  Tier 0 

semi-quantitative 

estimates of exposure 

Tier 1 
Generic exposure 
scenarios using 

conservative point 
estimates 

Tier 2 

Tier 3 
Probabilistic exposure estimates 

Refined exposure assessment, 
increased use of actual 
measured data  

Tier 0 
Default dose 

addition for all 
components 

Tier 2 

More refined potency (RFP) 
and grouping based on MOA  

Tier 3 

PBPK or BBDR; probabilistic 
estimates of risk  

Tier 1 
Refined potency based 

on individual POD, 
refinement of POD 

 

Problem Formulation  
Nature of exposure? Is exposure likely? Co-exposure within a relevant timeframe? 

Rationale for considering compounds in an assessment group? 

Tiered Hazard Assessments 
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 RECOMMENDATIONS: EXPOSURE ASSESSMENT 

o Occurrence Data collection for multiple priority 
chemicals in food samples  

 Monitoring/ total diet studies for priority chemicals id using either 
exposure/hazard-based criteria, susceptible populations, legislation (MRLs) 

 Multi-agency collaboration gather exposure data via other routes  

 Investigation co-occurrence multiple substances in individual food samples 

and correlations of co-occurrence for acute/chronic exposure 
(mean/95thpercentiles) 

 

o Develop case /training sets comparing deterministic 
vs probabilistic methods 

 Characterise dietary exposure for chemicals of priority: occurrence data 
and existing/other databases/tools (EFSA Databases, total diet studies, 
monitoring…). 

 Methods/guidelines adapted to co-occurrence of chemicals and need of 

exposure assessment (left-censored data, acute/chronic exposure, 
regulated versus contaminants) 

 

o Develop methods for aggregate exposure assessment 
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Support harmonisation of Hazard assessment methodologies 

 

o Scientific basis for whole mixture approach 

 Methods whole mixtures (WM): large fraction un-id chemicals  

 Evidence (stat/chem/tox) for similar WM as surrogates for others 

 

o Scientific basis for setting assessment groups 

 Explore criteria for settings Assessment groups (AGs) e.g. MOA 
(TK and TD aspects (interspecies diff/ human variability)  

 Methods to set AGs-criteria/WoE for different scenarios (common, 
unknown, different MOA…) 

 

o Data Collection TK/TD  

 Sum stats TK TD interactions of chemical mixtures for human RA: 
summary statistics in vitro/in vivo data humans/test species for 
chemicals of relevance to EFSA- published 2015 

 Summary stats toxicity mixtures animal and ecology-June 2015. 

 

 

 

 

 

 

 RECOMMENDATIONS: HAZARD ASSESSMENT 
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Main title 
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Main title 
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Scientific Basis of Uncertainty Factors 

 OpenFoodTox: EFSA’s Open 
Source Hazards Database 
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DATA/EVIDENCE AVAILABLE IN CHEMICAL RA 

Tier 
Exposure Assessment 

 

Hazard 
identification 
 

Hazard 
characterisation 
 

Risk 
Characterisation 

  
  

Occurence Consumption TK TD TK TD 

0 
Semi-Q 

  
Default values No data No data 

in silico  
Read 

across 

Default 
values 
TTC 

Read across 
In silico 

Default UF 

e.g. Default values 
Qualitative 

  

1 
Point 

estimates 
  

Point estimates 
in food 

categories 

In silico 
Limited 

data 
Semi-Q 

In silico 
Limited data 
Read across 

in silico  
Basic TK 

Read 
across 

  

in silico 
Read across 

NOAEL 
Default UF 

e.g. Semi-
quantitative 

2 
Measured 

data 
  

Measured in 
some food 
categories 

Dossier 
data 
Qttve  

Dossier Data 

in silico  
ADME 
data 

  

NOAEL/ 
BMDL 

Default  
in silico  

UF 

e.g. Quantitative 
Deterministic/ 
Probabilistic 

  

3 
Large 
measured 
dataset   

Full patterns -
food categories 

Dossier  
and/or 
lit. (in 
vitro, in 
vivo) 

Data in 
dossier  
and/or  lit. 
(in vitro, 
OMICs, epi) 

MoA/AOP, Epi  data, 
PB-PK model, BBDR, 
BMDL 
Chemical specific 
adjustment factor 
(CSAF) 

e.g. Quantitative 
Full probabilistic 
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 Catalogue of EFSA’s chemical toxicity data since creation 

 -Contaminants (Human and Animal health) 

 -Vitamins and minerals (Human health) (NDA),  

 -Food additives and Nutrient Sources, Food contact materials, Flavourings 
and processing aids (Human Health) 

  -Feed Additives (Human and Animal Health, Ecotoxicology) 

 -Pesticides (Human and Animal health, Ecotoxicology) 

 

 Easy Reference and Crisis 

 -One reference DB Chemical Hazards: Search easily and efficiently 

 -Crisis: Quick and Easy access to all EFSA’s Hazard Data 

 

 International Harmonisation 

 - Use OECD Harmonised Templates (OHT) for data model (ECHA/OECD) 

compatible with IUCLID/ ECHA-OECD QSAR toolbox  

 -Search compounds by name, CAS number on e-chem portal 

 -Generate data sheet as summary of hazard id and charact (June 2016) 

 

 

 

  

 

 d 

OPENFOODTOX: EFSA' S CHEMICAL HAZARDS DATABASE 
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WHAT DOES OPENFOODTOX CONTAIN ? 

oChemical Information 
Information on chemical nomenclature (EU nomenclature, IUPAC, CAS... ), 

trade name, chemical group/panel (i.e. pesticide), chemical use (i.e 
fungicide), chemical structure (i.e triazoles, organophosphates….).  
 

 
oDocument descriptors 
Information on EFSA’s opinion for the specific chemical  or group of 

chemicals. Info from EFSA ‘s RAW system (question number, mandate, 
number), link to the document 
 

 
oToxicity Endpoint/ Hazard identification 
Information on critical toxicity study using OECD picklists when possible 

(species, dose, target organ…) 
 
oCritical study to demonstrate genotoxicity status 

Providing essential information of critical genotoxicity study when assessed 
 
oHazard /Risk characterisation 

Information for health based guidance values (ADI/TDI) uncertainty factors… 
 

Future Mixture RA EFSA 
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CONTENT 

1,479 Scientific 
outputs (metadata 

+ DOI) 

4,185 Substances 
(chemical 
identifiers 

including SMILES) 

8,400 Toxicological 
endpoint studies 

133 Positive 
genotoxicity 

studies 

11,818 risk 
assessment 
summaries 

Future Mixture RA EFSA 
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 Explore Case studies to develop in silico tools e.g. QSAR 

 

• Explore use of metabolism and TK data and tox 

 

• Combined toxicity mixtures (dose addition assumption/ 
synergistic etc…) 

 

• Tools for RA mixtures with little data (e.g emerging 
contaminants –new mycotoxins etc..) 

 

 

 

 

OPENFOODTOX AND IN SILICO TOOLS 
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Main title Biologically-based models: 

Integrating variability from 
Biological Processes in RA 
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-Biologically-Based models and OMICs-    
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INTEGRATED TESTING STRATEGIES 

Structure Clusters 
Chemical Categories/ (Q)SAR 

In vitro  
Assays 

Adverse  
Outcome 

Toxicokinetics 
PB-TK 

In Vitro-In Vivo Signatures 

Toxicokinetics 
In vitro measurements id isoforms phase I, II, transporters in human cells 

Consequences of metabolism id of toxic moiety(ies) 
TK parameters (Vm,Km, Clint, CLm, proetin binding, free/bound fractions) 
Measure inhibition/induction on Clearances in vitro and/or metabolic CL isof 

Use human Variability in TK from historical databases and software 

Historical Tox data 
Toxcast Data 
TK data 

Margin of 
Exposure 

Exposure 

Future Mixture RA EFSA 
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MAJOR METABOLIC/EXCRETION ROUTES IN HUMANS 

Phase I enzymes 
Cytochrome P-450,  
ADH, Esterases… 

CYP2D6 CYP1A2 

CYP2A6 

CYP3A4/CYP3A5 

CYP2C9 

CYP2C19 

CYP2E1 

Phase II enzymes  
Conjugation reactions 
 
UDP-Glucuronyltransferases, 
Sulphotransferases  
Glutathione-s-transferases 
Methyl-transferases 
N-acetyltransferases 
Amino acid conjugation 

 

Renal excretion 

Transporters  
Phase 0- Uptake transporters:  
e.g OATPs, OCTs. 
 
Phase III-Efflux pumps:  
e.g ABCs (P-glycoproteins and 
MRPs) 
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-HUMAN VARIABILITY IN TOXICOKINETICS - 

 From pharmaceutical database human variability in 
TK available for many drugs /enzyme isoforms in 

different subgroups of the population.  
 
Rationale  for meta-analysis of TK data to derive  

metabolism variability distributions 
 
Can be combined with in vitro data and used in 

QIVIVE 
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-Pathway-related uncertainty Factors- 
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TK AND MULTIPLE CHEMICALS : DATA AND MODELS 

 Integrating TK in Human, animal, environmental RA  

 

 Objective 1:   

Review model/ Tools in each area human, animal, Env RA 

 

 Objective 2: Collect physiological/ biological parameters 

- Develop TK tools and models for single compounds (from 
simple tools to generic PB-PK models).  

- Case studies 10 compounds relevant to food and feed 
safety combining TK and TD 

 

 Objective 3: Develop TK tools and models for multiple 
chemicals (from simple tools to generic PB-PK models).  

- Case studies 10 compounds relevant to food/feed safety 
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What is DEB? 

Quantitative theory for metabolic 
organisation from ‘first principles’ 

– time, energy and mass balance 

 

Life-cycle of the individual 

– links levels of organisation: 
molecule  ecosystems 
 

 
 

Kooijman (2000) 

Kooijman (2010) 

DEB MODELS 
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maturity maintenance 1- 

reproduction 

maturity buffer 
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reserve 
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system can be scaled to 
remove dimension ‘energy’ 

 What are DEB MODELS ? 



hazard rate 
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DYNAMIC ENERGY BUDGET MODELS  
FOR TERRESTRIAL AND AQUATIC ORGANISMS 

  
TK IN RISK ASSESSMENT:  EFSA ‘S STRATEGY  Objective 1: Review  DEB models (Dec 2015) 

 

 Objective 2: Collect physiological/ biological 
parameters- calibration of models single compounds incl 
DEB (Jan 2016-April 2017) 

- Develop  generic/specific models for aquatic and terrestrial 
organisms for single compounds-Endocrine case study  

 

 Objective 3: Develop tools and models for multiple 
chemicals  (Jan 2016-Jan 2018).  

 

 All tools in R and as Open sources on EFSA website 

 

  

Integration of TK testing and RA of  Endocrine Disrupters 
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 INTEGRATED RA METHODOLOGIES FOR MIXTURES: 

MYCOTOXINS: FROM SYNTHESIS TO EFFECTS ON ORGANISMS  
TK IN RISK ASSESSMENT:  EFSA ‘S STRATEGY 
 Objective 1: Extensive literature searches and structured 

data collection on biochemical, genetic and 
environmental variables and impact on mycotoxin 
production 

 

 Objective 2: Extensive literature searches and structured 
data collection on realistic occurrence of mycotoxin 
mixtures, TK and combined toxicity in animals and 
humans 

 

 Objective 3: An integrated approach to the risk 
assessment of mycotoxin mixtures using modelling  

Combine environmental variables, TK , toxicity data for RA using 
whole food chain approach (from environment to internal dose 
incl. carry over in farm animals and toxicity) plus comparative 
approach to mycotoxin toxicity in vertebrates.  
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Harmonisation of Human and Ecological  

Risk Assessment of multiple Chemicals 
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Main title 
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-TERMS OF REFERENCE- 

 SC to develop GD: Harmonisation of HRA and ERA combined 
exposure to multiple chemicals.  

 High relevance to panels dealing with chemical RA 

 

 Develop frameworks using tiered approaches for relevant steps 
i.e. pb formulation, hazard id/ charact, exposure assessment, 
risk characterisation/uncertainty analysis  

 Tiered approaches, circumstances under which harmonisation 
may not be possible discussed.   

 

 Case studies for human/ecological RA: annex -fit for purpose  

 

 Take into account EFSA, European, international activities.  

 

 EFSA’s initiative on Transparency and Engagement in RA 
(TERA): Publication Consultation on Terms of Reference  
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CONCLUSIONS AND TIMELINES 

 

 Mixture as priority topic for previous and current SC (Sep-Dec 
2015) 

 Harmonisation of methodologies for human and Ecological RA risk 
to multiple chemicals –start spring 2016 (May-June) 

 

 Public consultation on ToR optional 

 

 WG expertise balanced between human RA and ERA 

 

 Activities/summary report colloquium as support material for WG 

 

 Use Tiered approaches –International-WHO, EPA (time, data, 
resources/ contexts (data poor/ data rich, prioritisation etc…) 

 

 Scientific reports to bring case studies in Human and Eco area 

 Incl. harmonised use of mechanistic data 
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-SUMMARY- 

Human 
Ecological 

Future Mixture RA EFSA 
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THANK YOU 
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