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Four pillars of Chemical Risk Assessment

Identify toxic effects

Quantify toxic effects: 
- Dose response
- Reference Point
- Reference value : Safe 

levels

Occurrence 
x Consumption

Hazard vs Exposure: 
Risk

Step 1

Hazard Identification

Step 2

Hazard Characterisation

Step 3

Exposure Assessment

Step 4

Risk Characterisation 

Risk assessment
– Fit for purpose

– Uses tiered approaches depending on data available, time and 
resources



Hazardous 
mixture

Be Careful With 
This One !

+ +

=

Limoncello Bargnolino Nocino

The “Cocktail Effect” 
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MIXTOX GD



Content of Guidance

Chapter General
Considerations

Whole 
mixture

Component-
based

Tiering
Principles

Stepwise
Guidance

Problem Formulation ✓ ✓ ✓ ✓ ✓

Exposure Assessment ✓ ✓ ✓ ✓ ✓

Hazard
Assessment

✓ ✓ ✓ ✓ ✓

Risk Characterisation
Uncertainty

✓ ✓ ✓ ✓ ✓

Reporting table ✓ ✓ ✓ ✓

Case studies
Humans ( RA contaminants)
Animals ( RA essential oils)
Bees (Hazard Synergy Pesticides)

✓ ✓ ✓
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Harmonised Framework



7

Tiering Principles

Relationships between tiers, data availability, uncertainty,
accuracy and outcome of a risk assessment.
From: Solomon et al. (2006).
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PROBLEM FORMULATIONStep 1 : Description of the mixture
Characterisation of the composition 
Data availability for components or whole mixture
Is co-exposure and/or co-effect Likely ?
(if No then stop)

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

Step 2 : Conceptual Model
Question/Terms of reference
Source of the chemicals, exposure pathways
Species/sub-population
Regulatory framework
Other ?

Update/
Modify :
Iterative 
manner

Proceed with
Risk Assessment

Step 3 : Methodological Approach
Overview of available data
Whole mixture approach, component based 
approach or both 
Assessment group 
Other ?

Step 4 : Analysis Plan

PROBLEM FORMULATION
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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



10

HAZARD ASSESSMENT-COMPONENT-BASED APPROACH

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
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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
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REPORTING SUMMARY

Problem formulation

Description of the mixture Simple or complex mixture, Composition, Data

availability for components or whole mixture

Conceptual Model Question/Terms of reference, Source, exposure

pathways, Species/sub-population, Regulatory

framework, Other ?

Methodology Overview of available data Whole mixture or

component based approach or a mixture of the

two.

Assessment group, Other ?

Analysis Plan

Exposure assessment Characterisation Whole Mixture

Components Assessment group

Summary Occurrence (concentration)

data

Summary exposure Assumptions, Exposure metrics

Hazard Assessment

Mixture Composition WMA/CBA

Reference points

Reference values

Summary Hazard metrics Assumptions combined toxicity (DA, RA), hazard

metrics

Uncertainties

Risk Characterisation

Summary Exposure and hazard

metrics

Risk characterisation Approach

Summary Risk Metrics Associated Assumptions (DA, RA, interactions),

Risk metrics

Uncertainties
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Relevant questions: Current examples@EFSA

Human Health 

Pesticides

Contaminants

Ecological Risk Assessment
MUST-B : Multiple Stressors in bees

Animal Health

Essential oils in feed 
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IMPLEMENTATION OF MIXTOX IN PRACTICE
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PARACELSUS (1493-1541)

“All things are toxic and there is nothing 

without poisonous qualities: it is only the dose 

which makes something a poison”

Pharmaco/Toxicokinetics

How the chemical is eliminated

from the body or activated into a

toxic species (ADME )

Pharmaco/Toxicodynamics

How the chemical exerts its

pharmacological effect/ toxicity

Target receptor/cell/organ

EXAMPLES AND 

TOXICOLOGICAL TOOLS



External 

dose

Internal

dose

Target organ

responses

Toxic

Effect

Target organ

metabolism

Target organ

dose

External 

dose

Toxic

Effect

External 

dose

Internal

dose

Toxic

Effect

External 

dose

Internal

dose

Toxic

Effect

Target organ

Dose 

External 

dose

Internal

dose

Toxic

Effect

Target organ

metabolism

Target organ

Dose 

What the chemical does to 
the body

Toxicokinetics Toxicodynamics

What the body does to the chemical
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CONTAMINANT: MELAMINE

Tier
Exposure Assessment

Hazard 
identification

Hazard 
characterisation

Risk
Characterisation

Occurence Consumption TK TD TK TD

2
Measured 

data
Measured in 
some food 
categories

Dossier 
data
Qttve 

Dossier 
Data: 

genotox, 
tox

in silico
ADME 
data

NOAEL/
BMDL

Default 
UF

e.g. Quantitative 
Deterministic/ 
Probabilistic

Case studies in chemical risk assessment

Food Fraud: The 

melamine case study
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MELAMINE: WHAT HAPPENED ?

o Melamine acutely toxic: complex with uric acid kidney toxicity

o Used for manufacture of plastics/ approved as food contact material-
Deliberate addition to food not allowed. Used illegally to increase apparent
content of protein.

o 2007 US crisis: pet food imported from China adulterated with scrap melamine
(melamine/cyanuric acid) 1000s of pets/animals with severe health effects.

o September 2008: app. 500,000 cases of infants/children hospitalised with
kidney stones, reported deaths from adulterated milk powder used for infant
formula.

o 2009-2010 RA: WHO and EFSA Tolerable Daily Intake 0.2 mg/kg b.w per
day melamine alone for humans
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Kobayashi et al. (2010) 
Scanning electron microscope x 7000 and x 14000
A control group day 7
B group m 24 mg/kg/day at 7  reddish brown, 
smooth surfaces
C small irregularities on surface yellow - significant 
changes in weight

MELAMINE

URATE CYANURATE

stones crystalskidney

Renal Tubular/Glomerular Injury

Serum/Urine Biomarkers (e.g., BUN/KIM-1)
Renal Gene Expression (e.g., Kim-1/Havcr1)
Pathological Lesions

Kidney Failure
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Mode of action of Melamine-Cyanuric Acid toxicity

Melamine and cyanuric acid Synergistic
toxicity : Covalent complex
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◼ Environmental variables and
their impact on mycotoxin
production

◼ Influence of climate change,
temperature, season, pests,
nutrient Comparative toxicity
and kinetics in farm animals
and humans

◼ Occurrence data in Cereals
(Maize, rice, wheat etc…)

◼ Risk characterisation using
Relative potency factors and
Margin of exposure

MYCOTOXIN MIXTURES AND CLIMATE CHANGE – 2017-2019

Climate change
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Digital Workshop 
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Towards harmonised methodologies for the RA of multiple 
chemicals in Honey bees and Wild Bee Species 

Chronic oral Toxicity

Acute contact Toxicity

▪ Interactions/Synergism in bees

Mostly due to inhibition of CYP metabolism

▪ From limited data (oral) magnitude interactions
acute contact toxicity > acute oral/chronic oral

▪ Few acute oral and chronic oral tox data

▪ Addressing (co)-exposure dimension

▪ Mortality as common metrics for risk
characterisation (starting point)
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Towards harmonised methodologies for the RA of multiple 
chemicals in Honey bees and Wild Bee Species 

▪ QSAR models predicting the nature of 
combined toxicity and binary mixture toxicity

(Acute contact toxicity)
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Other models to combine toxicity data for RA

• Response addition
✓ Not used very often in human RA since evidence limited 
✓ Sometimes used in ecological RA for mortality data 
✓ Dose addition is the consensus model around the world

• Interactions

✓ MIXTOX GD set basis for assessing TK/TD interactions
✓ Synergy: very limited evidence in human RA : low levels in 

food. Evidence in eco RA for mortality data (bees) most often TK 
(inhibition metabolism)

✓ Models for binary mixtures

✓ Antagonism ? Lots of evidence from food detoxifying chemicals 
(e.g. cabbage, garlic etc.) 

Risk Benefit ? NDA Remit (novel food/health claims)
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Tools for TK TD MODELLING

• Models in development at EFSA
➢ Generic models for humans, farm animals and Eco submitted to OECD PBPK GD 

➢ Platform under construction for models: TKplate (2020)

➢ Link with NOAEL/BMDL based on internal dose
➢ Future link AOP/MoA: in vitro in vivo extrapolation 
➢ TKTD Modelling for mortality in ecotox (DEB)
➢ Further models + update launch June 2020

• Refining mixture RA using internal dose for each compound and applying 
dose addition is feasible

• EUROMIX Toolbox: set of useful models 
but tox only liver and neurodevelopmental
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MIXTOX2 : Scientific criteria for grouping chemicals 

• Focus on Human Health
• On going mandate on scientific criteria for setting assessment 

groups (due Dec 2020 for public consultation )

➢ Consider 
• Toxicological effects (MoA/AOP/Target organ etc..)
• Mechanistic data AOP MoA (human relevance)
• TK aspects (persistence, correct for body burden, CONTAM)
• Exposure and risk-based tools for prioritisation
• WoE Methodology
• International activities (WHO, OECD, US-EPA etc)
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Conclusion :Integrating State Of The Art Methods And Data Streams

Exposure Dosimetry Reference 

Point

Risk

OpenFoodTox and 

MATRIX

In vitro

OMICs

In Silico

Epidemiological 

Data
AOP/MoA
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www.efsa.europa.eu/en/engage/careers

www.efsa.europa.eu/en/rss

Subscribe to

Engage with careers

Follow us on Twitter

@efsa_eu

@plants_efsa

@methods_efsa

www.efsa.europa.eu/en/news/newsletters

THANK YOU!

Do you have questions?

Jean-Lou.DORNE@efsa.europa.eu


