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Overarching guidance with general recommendations

Broad coverage: humans, animals and environment

. Combined (simultaneous) exposure

Addresses all risk assessment steps

F Focused on EFSA needs: regulated products & contaminants

Incudes some examples
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1. Characterising the kind of mixture

Intentional
mixture

Unintentional
mixture

Coincidental mixture c-oe
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2. ldentifying the assessment approach

Whole/part

Whole mixture Component base +

Components

Similar mixture

oo i‘_ & &8
CTLST

e Salud
Centro Nacional de Sanidad Ambiental Carlos 11

18/03/2026 5



For component-based approach

Synergism

Similar action:
dose addition

Additivity —

Independent action:
response addition
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Exposure Assessment
WMA/CBA
Chemical composition, Occurrence,
Consumption, grouping
Output: exposure metrics,
List uncertainties

Problem Formulation
Description of the mixture
Conceptual Model
Methodological Approach
Output: Analysis Plan
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Factors influencing each step
Assessment sequence
DA as default model
Bridging data gaps
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Risk Characterisation

Exposure and hazard metrics,
Assumptions (DA/interactions)

Apply RC relevant method,

Derive risk metrics,
Interpretation,
Overall uncertainty analysis
Output: Assessment Report

Hazard Assessment
WMA/CBA
Chemical composition, Hazard data,
grouping, combined toxicity, DA,
Deviation from DA, UFs
Output: Hazard metrics,
List uncertainties
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3. Linking mixture type with assessment approach

Intentional

mixture - :
Similar mixture

Component-
based

Whole mixture Whole +
Component
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Is combined exposure assessment Combined effects are likely

warranted? Regulatory framework

Characterisation of the mixture Origen, composition, temporal
variability, ...

Whole mixture and/or component- Information on the composition

based approach?

Approach to exposure assessment Availability of data on the

components and/or a marker for
the full mixture

Criteria for inclusion in the assessment | Origin, Mode of action, Target

group? organ, ...

What to do with chemicals belonging to | Consider applying response

different groups? addition

What risk metrics to use? Margin of Exposure, hazard or risk |
Lss quotient | Hld
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Plant protection

Plant Protection

Animal feed
N SCIENTIFIC d
& h COMMITTEE \

; B -T-._ Animal health

) ] Animal health Animal feed
Biological and welfare
hazards

Biol Ih d
Food additives tological hnzards

Chemical contaminants
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Guidance on harmonised
methodologies for human
health, animal health and
ecological risk assessment of
combined exposure to
multiple chemicals
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Scenarios for pesticide risk assessment

Occupational risks:
* Applicant
e Other agricultural workers
* Risk for humans exposed from the environment
e Bystanders
* Residents
* Risks to consumers from residues in food

* Risk for non-target organisms

* Mammals and birds

e Agquatic organisms (fish, invertebrates, algae, plants)

* Bees

e Other terrestrial arthropods

* Non-target terrestrial plants
- * Soil organisms (macro and microorganisms) L et
C72S: - Riskfor WWTP biological treatments g
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APPLICATION
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APPLICATION -> ENVIRONMENTAL PROCESSES

o Deposition
Volatilization following

medium and long-
term transport

Lixiviation

WATER/SEDIMENT
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Risk Assessment
Question
Human/Subpopulation(s)
Farm/Companion Animals
Environmental Specie(s)
Ecosystem(s)
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Step 1 : Description of the mixture
Characterisation of the composition

Data availability for components or whole mixture
Is co-exposure and/or combined effect likely ?

(if No then stop)?

Step 2 : Conceptual Model
Question/Terms of Reference

Species/subpopulation
Regulatory framework
Other?

Source of the chemicals, exposure pathways

!

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

€

v
Step 4 : Analysis Plan

A4

Proceed with

Risk Assessment

Update/
Modify :
Iterative
manner
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Exposure characterisation
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PRODUCT

& FOLIAR RESIDUES

DRIFT AND
DEPOSITION
RESIDUES
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Problem Formulation

Environmental fate
and behaviour

Problem Formulation

Ecotoxicity hazard
assessment

Exposure levelsin
water

Environmental fate
and behaviour

Ecotoxicity hazard
assessment

Risk characterisation
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soil

Exposure levelsin

Risk characterisation
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Problem Formulation
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Environmental fate
K and behaviour

K¢ Persistence
Bioaccumulation

Ecotoxicity hazard Indirect exposure
assessment levels

Risk characterisation
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Dietary exposure assessment

Tier Occurrence data

Consumption data

0 Default Values,
Permitted Levels

Default Values,
Portion Sizes

Exposure estimate

1 Modelled and
Experimental Data

Semi-Quantitative
Point estimates

Food Balance Sheet
Food Basket

Deterministic

Summary Statistics

2 Monitoring Surveys
3 Individual
Co-Occurrence data

Semi-Probabilistic

Individual data

Probabilistic
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Exposure Assessment
Human/Subpopulation(s)

Farm/Companion Animals ==

Environmental Specie(s)
Ecosystem(s)
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Exposure assessment frameworks

Step 1 : Characterise the whole mixture
Consider source, origin, kinetics and composition
Assess ratio of components and variability
Define marker substances where appropriate

!

Step 2 : Chemical occurrence Data
Predictive models vs measured data
Evaluate results against composition at Step 1
If data are lacking, consider using usage levels or data
from other mixtures

|

Step 3: Combine occurrence and consumption data
Consider exposure tier based on available data
(Generally not applicable to ecological species)

A 4

Step 4: Report exposure data
Include list of assumptions and uncertainties

v

Go to risk characterisation

Exposure Assessment
Human/Subpopulation(s)
Farm/Companion Animals
Environmental Specie(s)
Ecosystem(s)

——

Step 1 : Components of the assessment group

List components and criteria for grouping (exposure, hazard, etc.)
Consult toxicologist for relative potency information, if available, and

for relevant timescale for combined effects (e.g. acute/chronic
exposure)

!

Step 2 : Assemble occurrence data
Plausibility of co-occurrence within relevant timescale.
Consider detection limits, precision and accuracy for each
component, can missing data be computed.
Calculate potency-adjusted concentrations

!

Step 3: Combine occurrence and consumption data
Consider acute vs chronic consumption patterns
Adjust for potency, depending on the tier
(Generally not applicable to ecological species)

l

Step 4: Report exposure data
Single and/or summed exposure estimates
List assumptions and uncertainties
Note if any components are regulated

v

Go to risk characterisation
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Hazard Identification
Hazard characterisation
Human/Subpopulation(s)
Farm/Companion Animals
Environmental Specie(s)
Ecosystem(s)

Selection of Point of Departure (PoD)
Guidance Value = PoD/(10x10xadditional UF)
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Hazard assessment frameworks

Step 1: Data collection
Collect toxicity data on the mixture of concern,
or if not sufficiently available then on a similar mixture

|

Step 2: Reference points
Identify or derive a reference point for the mixture
or for the similar mixture

|

Step 3: Reference values
If limited data or read-across is required from a sufficiently similar
mixture then consider whether additional uncertainty factors are
required in establishing reference values
or applying a margin of exposure approach to the reference point

|

Step 4: Report
Summarise hazard, associated assumptions and uncertainties

v

Go to risk characterisation

Hazard Identification
Hazard characterisation
Human/Subpopulation(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 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 4: Tools for hazard characterisation
Assess evidence available for combined toxicity of the assessment
group, including deviation from dose addition.
This can include quantification of the magnitude of interactions.
Identify the most appropriate tool for risk characterisation

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

!

Go to risk characterisation




Hazard assessment tiers for component-based approach

Tier 0: in silico

Read-across, QSAR, expert knowledge

A 4

Tier 1: Single group or as in the problem formulation

NOAELs/BMDLs ECso, NOECs, HCs
Tier 2: Refined assessment groups
Reference Potency Factors (RPF) Mesocosms, Species Sensitivity Distributions

Tier 3: TK and further refinement of assessment groups

Probabilistic RPF, chemical specific assessment TK-TD and Dynamic Energy Budget models

Response addition (RA)

RA is infrequent, e.g. for estimating percentage of population at risk Used on regular basis the estimate the fraction of affected species
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Risk characterisation options

Risk characterisation
Human/Subpopulation(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)

|

Step 2. Confirm/Revise approach for risk
characterisation
Start with a fit for purpose methodology based on problem | d————
formulation and available data
(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

—

Refine
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WHOLE MIXTURE

e Margin of Exposure
* Hazard Quoting

* PEC/PNEC

COMPONENT BASED

A. DOSE ADDITION

* Combined Margin of Exposure

e Sum of hazard quotients

e Sum of Toxicity Units

e Sum of Toxic Equivalent
Factors

B. RESPOSE ADDITION
* Combination of independent
random events

Rmix = 1 —ﬁ(l - R;)
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Content

2. Recent developments on assessment of combined exposure to human
health: NAM-based assessments

3. PARC developments for assessing combined effects in environmental risk
assessments: Landscape-based risk assessments
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NAM-based hazard assessment approaches

21st Century Toxncology

e e ° Substances of assumed no concerns
% Human ¢ "‘a’jf ‘f Qngirs - P * No MIE or low KE induction
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3”5 creenm&; o
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Adverse 0 -r: " : W:E'lvyS a1 r———— mu'::a;:::ma Cellular effects Organ effects oo
Pathways for a dverSity MIE KE1/(MIE) KE2 KE3 KE4/(AO) AO
Intermediate endpoints * Substances with expected (or
Mechanistic connectors observed) concerns
e Bioactivity mechanism(s)
s ) * Progression of adversity

18/03/2026 24




Safe use: No MIE (or KE) induction
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Identify vulnerable groups: those with reduced
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Mechanistic information ¢ Similar pathways

* Belated patiwways Probabilistic

Sﬁaﬂ term NOz adversity

=== _"f*'\""“-"“'"" g Health Impact
% s, Combined Indicators
i adversity

Adversity

. e estimations Lines of Evidence for AOP = HIP implementation
AdVE rSIt\/ Nitrogen dioxide & Related atmospheric pollutants

nnnnnnnnnnn Adverse % Individual Population
relationships a: =
Combination of toxicological and Impact Impact
epidemiological approaches for estimating
the health impact of atmospheric pollutants. == ===ssssssses Resplratory pathway -»
4 Respiratory function
fl"‘:"a’ Ef’":e""'" Alveoli alterations * Distress
N Hg;'l::‘y * + wall thickness Pulmonary +  Tachypnea
= Variation cell pattern : :::::s septal breaks || Fibrosis = Secondary effects
A biindy o83 *  Necrosis Respiratory
o _— tmortality
Oxidative stress: — ;
* ylipid Peroxidation t Likelihood to
. . . * | Glutathione Autoimmunity develop Asthma ,
Toxicity & Biolo e regone | | Amcomgons
« t Macrophages mortality
+ 1 inflammatory mediators 2 3 Tt
. . +:§ Newtrophilic leukocytes Microbial response t Susc‘emlb{mv to
Ll n e S O eVl e n C e L J * 4 Bactericidal activity infectious diseases
pe®  semesamaaaaaas Immunological pathway ﬂ;’
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Spatial explicit combination: landscape ERA models
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Z dimension

Z>0 - Terrestrial effects —=<

Individual effects are integrated as
impacts on populations and
communities at landscape level

y dimensio® Z=0 - Exposure

Exposure lines connect individual’s
location with pesticide applications

Z<0 - Aquatic effects

X dimension

Environment International h

g
w LFL Sagremmber 2004, 304V

At

A conceptual framework for landscape-
ased environmental risk assessment (ERA)

of pesticides
va V. Tororens * R B Marvedes 6o ABo-Gonroies * B, Corsle Bedon *, Barre Benon
*, Cieke Dugin * 85, Jeon-Lou CM Dorne ”
-
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+ Addtotandeley S There 99 Cne

3. Individuals

2. Populations

1. Communities

-1. Communities
-2. Populations

-3. Individuals
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The 3D structure of the landscape ERA model

Landscape filtering (] Z| = 0): None ST 3
* combine substance concern x landscape
exposure

* identify taxa of highest concern

Regulatory data (|Z] = 1-3):
* standard endpoints
* Integration (e.g. population dynamics models)

Table 5

1
Final equation for the effects on morbidity, mortality and reproduction for
mammals and birds obtained for exposure to folpet and pirimicarb.

Pesticide Class Effect Equation Factors
Folpet Mammals  Morbidity MB = 1.2D Yes (factor
of 100)
Mortality due to M(M) = 0.12D Yes (factor None
Envi tal Polluti - morbidity of 10) )
| e 3 i sl — RN eSS
-~ o
C. ) 3. Individuals Birds Morbidity MB = 1.2D -
20> Terrestrial effects ) 2. Populations A simplified landscape-based Mortality MT = 0.12D - ; 1,
R Cogumitias approach for including agronomical Reprodaction RE =120 Z:sig)ﬂﬂ‘" i i. ~La
and ecological characteristic in Pirimicarb Mammals  Morbidity MB = 1.5385 No o [ —_— T i . LTS
pesticide risk assessments for (D) + 3.5385
= Mortality due to M(M) = Yes (factor
' - terrestrial vertebrates ¥ mochidity LA o£10)
Z=0-> Exposure y ; . Awot George Ukbamichael 1B, Thomas Sagredo '8, 3.5385
p - 45 Erik Urionabarrenetxea ** & &, Manu Sota * * &, Jose V. Tarazona © B Mortality MT = 6.25(D) - Yes (factor 2° (F"'P) Populatian avoletion
p -1. Communities i 24.375 of 10) ; = :
Z<0 - Aquatic effects -2. Populations + Addtomendeley =2 Shore 99 Cite Reproduction 3!;;4;.286(])) - '{fesu()t;anur
- b b 0
-3. Individuals hittps:/fdol.org/10.1016/).envpol 2025127142 A Get rights ond content Birds Mm’bidity N/A =
Mortality MT = 27.008 Yes (factor
(D)- 21.487 of 10) T - : .
Reproduction RE = 0.954(D)- Yes (factor : e | | ] ) ™ —
3.7547 of 10) ? B ___hﬁ im S

Legend: MT (Mortality), MB (Morbidity), M(M) (Mortality due to morbidity), RE = e
(Reproduction effect), D (Dose (mg/kg bw)), N/A (Not applicable). "
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Mechanistic expansion: Level 4

Level 1to 3input

Regulatory Assessment Endpoints Leyvelstouiput

Prioritization for combined assessments

* Mortality

Mammals * Reproduction/growth

, « Mortality @ ]
Birds * Reproduction/growth . . . .
* Mortality ® . & A A
Bees « Sublethal effects ® Prlorltlza_tlon
Biological/ecological for combined

effect
assessments

& knowledge

* Mortality
* Pest control capacity

Terrestrial
arthropods

* Reproduction

Soil fauna

For each taxa/a.s. combination

Soil o) Agrl cu ltu ra l- 1.Possibility for direct impact in isolation
microorganisms * Decomposition 5 G
l d Sca e 2. Possibility for contributing to overall
a n p directimpact
e * Mortality H 3. Possibility for indirect i
Aquatic animals Reproduction Ch a ra Cte rl Stl C S ossibility for indirect impacts

4. Very low concern even as contributor

Algae & aquatic pRaCEICEIEE

plants

soLIeUas alnsodxa Al0ien8al pue sa10ads |BQ0L/19PO N

Problem formulation to be published soon!!!
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Thank you

Any question?
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