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Harmonised methodologies for the risk assessment of
combined exposure to multiple chemicals: Principles and
Applications
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3MIXTOX Guidance Document (2019) SUBM MADL

- Harmonised Guidance
- Whole Mixture approach
GUibANGE e]ww - Component-based approach
4009TED 20 ey 201 = Include interactions
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Problem Formulation

Guidance on harmonised methodologies for human health,
animal health and ecological risk assessment of combined

exposure to multiple chemicals Exposure and Hazard Assessment
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- Reporting Table
« Human Health, Animal Health
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Harmonised Framework BARMA

Problem Formulation
Dezcription of the mikture
Conceptual Madel
Methodalogical Approach
Output: Analysis Man

Hazard Assessment
Exposure Assessment Factors influencing each step WMAY CBA
WMA CRA Asse ssment sequence | Chemical composition, Hazard data,
Chemical compaosition, € ——— Dé as default maodel > grouping, combined touicity, OA,
CCCurrence, Consumption Eridging data gaps Dreviation from D&, UFs
Dutput exposure metrics, Dutput Hazard metrics,
list uncertainties I List uncetrtainties

|
Risk Characterization

Exposure and hazard metrics
fssurnptions (D&interactions)

fpply RC relevant method,

Derive risk scores,
Interpretation,

onerall uncertainty analysis
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Tiering Principles BARMA

Uncertainty Unknown —_— Uncertainty quantified

Realistic High
(predictive) Accuracy
0 A
Conservative Low
(protective) Accuracy

simple (data poor) —_— Complex (data rich)

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 BARMA

AR it bl . =
—
— o What is the question, species
to assess and the multiple
i chemicals "mixture” ?
o How do we deal with it for
D — risk assessment (RA) ?
o Plan to perform the RA
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Exposure Assessment BARMA

(RN e 12| Htticin diiedingffen the roatcovabolite Dfedifendin o emponant sief withbaure

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

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 formulation and available data and (hazard
index, margin of exposure etc).

l

Step 3. Summarise risk characterisation results
Associated assumptions (exposure, potency, DA,

List uncertainties.

Interaction)

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

l

Discuss with risk managers
Stop or refine to higher tier
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Refine or

PARMA

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

Is there a health
environmental concern ?

or
If No, stop
If yes , What is next ?

discuss with risk

managers to reduce exposure ?
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10
Reporting Table

PARMA

Description of the mixture

. Conceptual Model
Problem formulation pLU
Methodology
Analysis Plan
Exposure assessment Characterisation Whole Mixture

Components Assessment group
Summary Occurrence (concentration) data

Summary exposure

Mixture Composition WMA/CBA
Reference points

Reference values

Summary Hazard metrics

Hazard Assessment

Summary Exposure and hazard metrics

Risk Characterisation
sk Characterisatio Risk characterisation Approach

Summary Risk Metrics

T B S — UNIVERSITA | 2% T
Ewropean Facd Safiety Autharity B PARMA FOOD AND NUTRITION

Simple or complex mixture, Composition, Data availability for components
or whole mixture

Question/Terms of reference, Source, exposure pathways, Species/sub-
population, Regulatory framework, Other ?

Overview of available data Whole mixture or component-based approach or
a mixture of the two.
Assessment group, Other ?

Assumptions, Exposure metrics

Assumptions combined toxicity (DA, RA), hazard metrics

Uncertainties

Associated Assumptions (DA, RA, interactions), Risk metrics

Uncertainties
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Implementing MIXTOX in Practice DA R MA

~.efsam
TECHNICAL REPORT i fond Sakioy Ackhadiy

APPROVED: 10 December 2019
€0i:10.2903 /59 152, 2020 EN-1759

Human risk assessment of multiple chemicals using
component-based approaches: A horizontal perspective

European Food Safety Authority (EFSA),

Jean Lou CM Dorne, Amélie Crépet, Jan Dirk te Biesebeek, Kyriaki Machera, and Christer e
Hogstrand -..@ fsa -
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APPROVED: 10 December 2019
doii10.2903/50.efsa 2020 EN-1760

Animal Health Risk assessment of multiple chemicals in
essential oils for farm animals

European Food Safety Authority (EFSA),
Jean Lou CM Dorne, Paola Manini and Christer Hogstrand
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MYCHIF: Mycotoxin Mixtures

PARMA
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EXTERNAL SCIENTIFIC REPORT o (il

APPROVED: & December 2019
dol: 10.2903/5p.¢152.2020.EN-1757

Mycotoxin mixtures in food and feed: holistic, innovative,
flexible risk assessment modelling approach:

MYCHIF

Author(s)

Paola Battilani, Roberta Palumbo, Pacla Giorni, Chiara Dall’Asta, Luca Deilafiora, Athanasios
Gkrillas, Piero Toscano, Alfonso Crisc, Carlo Brera, Barbara De Santis, Rosaria Rosanna
Cammarano, Maurella Della Seta, Katrina Campbell, Chris Elliot, Armando Venancio, Nelson
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Article
Occurrence and Co-Occurrence of Mycotoxins in
Cereal-Based Feed and Food

Roberta Palumbe ', Alfonso Crisc 2, Armando Vendncio *0, José Corifias Abrahanies ?,
Jean-Low Darae Y, Pasla Baitilani "0 and Piero Toscano 2

WYaze

gao
o Exposure: Co-occurrence and consumption patterns %N I
o Hazard : Collect hazard data for each mycotoxin ' -m m- " J
using EFSA OpenFoodTox. o
$
o Risk Characterisation: Combined Margin of Exposure i’“ I |
for humans and farm animals — ln...ll__l_
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Figure 7. Concentrations of cach co-occurring mycotoxin for barkey, maize, oat, and whoeat
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Draft Guidance Document on
Scientific criteria for grouping
chemicals into assessment groups for
human risk assessment of combined
exposure to multiple chemicals

EFSA Scientific Committee, Simon John More, Vasileios Bampidis, Diane Benford,
Claude Bragard, Antonio Hernandez-Jerez; Susanne Hougaard Bennekou, Thorhallur
Ingi Halldorsson, Konstantinos Panagiotis Koutsoumanis, Kyriaki Machera, Hanspeter
Naegeli, Seren Saxmose Nielsen, Josef Rudolf Schiatter, Dieter Schrenk, Vittorio
Silano, Dominigue Turck, Maged Younes, Emilio Benfenati, Ameélie Crepet, Jan Dirk Te
Biesebeek, Emanuela Testai, Bruno Dujardin, Jean Lou C M Dorne, Christer Hogstrand
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Background ) G| HARM‘ﬁ\ L

- EFSA request for scientific opinion on criteria
for grouping chemicals for Human RA Mixture

« Setting cumulative assessment groups for human RA of pesticides
as requested by DG-SANTE and relevance to EFSA Panels:

= CONTAM: Grouping contaminants (PFAs, brominated FR etc)
- FEEDAP: Mixture RA of essential oils/botanicals

= FAF: smoke flavourings and grouping. Include 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
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Terms of Reference - pAR MA |

- Guidance Document on scientific criteria
for grouping chemicals into assessment groups

= 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 (PC)
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Content Hﬂ R M A "

- Introduction: Background, Terms of Reference/ Interpretation
- General principles: Problem formulation and Grouping

- Hazard-driven criteria

= Prioritisation methods: Risk-based and exposure-driven

- Recommendations

= Annexes

 Annex A: Glossary

 Annex B: Generic WoE methodology for grouping using hazard-driven criteria

« Annex C: Prioritisation method for grouping pesticides (risk metrics for single chemicals)

« Annex D: Prioritisation method: grouping contaminants in breast milk (combined
exposure metrics)
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17 Mode of Action and

Adverse Outcome Pathways

PARMA

Mode of Action
< >
Adverse Outcome Pathway
< >
Molecular
External Internal Target Organ Initiating > Keyevents |-+ Adverse
dose dose Concentrations Event Outcome
Toxicokinetics Toxicodynamics
< > >
"
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18 Hazard-Driven Criteria for groupin chemicals into PARMA
assessment groups EH STHL
[ Chemicals under Consideration }

Defined from terms of reference
AND Passing the gate keeper step

l o Top-down hierarchical
Yes
- Common MoA/AOP } process
> o Gold standard Common
= lUnknown/No !VIoA/AOP for grouping
= into assessment group
O Yes [ Common Toxicological Effect ) NG
> Adverse Outcome
=2 . ( ) ) o Then move to common
@ Unknown toxicity or target organ
9_) - \ 4 ~
) Yes Common Target No -
= Organ/ S tg o If not grouping can use
= _ Organ/ System | i -
also in silico/structure
| Unknown etc
h 4
Include in .| Exclude from
assessment group o o aouak 3SSESSMENt group A . x
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Implementation of the grouping criteria for pesticide residues DA R M A

Defined from terms of reference

Chemicals under Consideration )
AND Passing the gate keeper step
\

_ - Acetylcholinesterase inhibition

-
l - =
-
Yes | a”
Common MoA/AOP —» = Hypothyroidism
= \ _ - - Functional alterations of the motor division
% l Unknown/No - - of the NS
y = - . Craniofacial malformations
& Yes | Common Toxicological Effect No
; (Adverse Outcome) )
g l Unknown
g - N
g Yes Common Target No
—
- | . Organ/ System |
Unknown
v v 4
[ Include in J | Exclude from
| assessment group | assessment group
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SCIENTIFIC REPORT

ADCPTLO: 20 Maech 2020
duk. 10.2905/] xf32,2020.6087

Cumulative dietary risk characterisation of pestici
have acute effects on the nervous system

European Food Safety Authority (EFSA),
Peter S Cralg, Bruno Du)am, Anw Hart, Antonio F Haméndez-Jen
Susanne Hougaard Bennekou, Carsten K|

Abstract

A retrospective acute cumulative rick ascessment of dietary exposure to pesticide resh
by an uncertainty analysks based on expert knowiedge elkRation, was conducted for tw
nervous system: bran and/or enthrocyte acetylchnlinesterass inhibition, and fundtion
the motor division. The pesticides considered in this asscssment were dentificd ond
the soentinc repot 00 the egadishment of cumuative assessment groups of pes
effects on the nervous system, Cumulative expoqire assessments were cordicted the
modeling by EFSA and the Dutch National Institute for Public Health and the Enwvii
using two different software tWwos and reported separately. These eposwe as
monkorng data collected by Member States under thekr official pesticide monitoring
2084, 2015 end 2016 ond individuad consumption cata from 10 populations of ¢
different countries and afteren: age groups. This report compiztes the characternsato
risk, taldng account of the available data and the uncertainties invelved, For ¢
populations, it B concluced with vaying degrees of certainty thet cunmdstive exposy
that have the acste effects on the nernvous system mentioned above does not exceed t
regulatory consideration established by risk managers.

€ 2020 European Food Safety Authority. 5FSA Joumal publishec by John Viley and So
of Eulopean Food Safety Authority.

Keywords: pesticide residues, nervous system, cumulative risk assessment, probab
eert knowledge elictation

Requestor: FFSA

Question number: FFSAQ-2018-00345
Correspondence: pesticides MRLGefsa europa 2u
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SCIENTIFIC REPORT

AFPROVID: 20 March 2020
dai: 10.2903/).+f53. 2020.6088

Cumulative dietary risk characterisation of pesticic
have chronic effects on the thyroid

European Food Safety Authority (EFSA),
Peter S Craig, Bruno Dujardn, Andy Hart, Antonio F Hernandez-Jere;
Susanne Hougaard Bennekou, Carsten Kneuer, Bernadette Ossendorp, Ragnor
Gerrit Wolterink and Luc Mohimont

Abstract

A retrospective chronic cumulative risk assessment of dietary exposure to pasticide resid
by an uncertainty analysis based on expert knowledge elfickation, was conducted for tao
thyrold, hypothyridism and parafollicular cell (Cced) hypertrephy, hyperplasia and |
pesticices considered I this assessment were identified and characterised in the sder
the establishment of cumuiative assessment groups of pesticides for their effects o
Cumulative exposure assessments were conducted through precbabilstic modelling by
Dutch National Institute for Pubic Health and the Envirorment (RIVM) using two diff
tooks and reported separately. These exposure assessments used data collect
States under ther officlal pesticide monitoring programmes in 2014, 2015 and 2016
consumption data from 10 populations of consumers from cifferent countries and differe
This report completes the characterisation of cumulative risk, taking account of the ava
the uncertainties involwed, For each of the 10 populations, it s concluded with varyi
certainty that cumulative exposure to pesticdes that have the chronic effects on the thy
above does not exceed the threshold for regulatary consideration established by risk mai

© 2020 Eurcpean Food Safety Authority. £FSA Journal published by Jchn Wiley and Sone
of Eurcpean Food Safety Authority.

Keywords: pesticide residues, thyroid, cumulative rsk assessment, probabilistic mo
knowledge elicitation

Requestor: EFSA
Question number: EFSA-Q-2018-00346
Correspondence: pesticiies. mriefsa, europa. ey
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SCIENTIFIC REPORT

APPROVED: 21 Decamnber 2020
doi- 10.2900/) ofsa 2021.6392

Cumulative dietary risk assessment of chronic
acetylcholinesterase inhibition by residues of pesticides

Dujardin, Andy Hart,
AmonioFHemarw)enu Samira Jarrah, AlonsoLm Kyriaki Machera, Iris Mangas,
Alexandra Mienne, wmmmwmmﬁm

Abstract

A retrospective cumulative risk assessment of dietary exposure to pesticde residues was conducted for
chronic inhibition of acetyicholinesterase. The pesticides considered In this assessment were identified
and characterised in a previous scientific report on the establishment of cumulative assessment groups
of pesticides for their effects on the nervous system, The exposure assessments used data
collected by Member States under their official pesticide monitoring programmes in 2016, 2017 and
2018, and individual food consumption data from 10 populations of consumers from different countries
and from dfferent age groups. Exposure estimates were obtained by means of a two-dimensional
probabilistic model, which was implemented in SAS® software. The characterisation of cumulative risk
was supported by an uncertainty analysis based on expert knowledge elicitation. For each of the 10

does not exceed the threshold for

© 2021 European Food Safety Authority. EFSA Journal published by John Wiley and Sons Ltd on behalf
of European Food Safety Authority.

Keywords: cumulative risk assessment, pesticide residues, acetyicholinesterase  inhibition,
probabilistic modelling, knowledge elictation

Requestor: EFSA

Question number: EFSA-Q-2020-00411
Correspondence: pesticdes. mr@efsa europa.eu
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Prioritisation Methods SUHM MIBUL

, . Refine usin .
Assessment Group Chemicals under consideration Hazalrd-Drivgn Final éssessment
Defined from Hazard-driven Defined from terms of reference AND Criteria roup
criteria _(Figure 3) Passing the gate keeper step
Assessment Groups
F N
A 4
Hazard metrics for Yes Contribution to combined risk | yeaq
common effect or » Combined Risk metrics » > Pre-defined threshold ?
organ/system? (1) (e.g 10%) () No_ ;
" I
y © |
Hazard metricsfor | Ye Risk metrics for | o ntrlbutlc_m tosingle chemlc;—a)l Yes |
itical effects? (1 ra— inale chemical risk > Pre-defined threshold ~ T
critical effects? (%) single chemicals (e.g. 10%)(2) N
o7
N I
o I
|
. Exposure-driven |  Probability of co-exposure Yes !
- approach | > Pre-defined threshold ? o 1
-7
|
r=|====== * - _I
I ..
Exclude ; Low-priority !
from Grouping [ chemicals :
L ———————— -
.*'h W
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Prioritisation Method for pesticides SUHM MIBEIL
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OpenFoodTox

CAG
specific
NOAELs

> 1% HBGV,
............... > 5% HBGV,...? HI>1?

Scr_eer_| r_|sks High priority Screen risks High priority produce C.A.GS
for individual =p substances =) er oraan =) oraans =P for specific
pesticides P g9 9 effects
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Example of Open Source Models BARMA

= 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
Eliminatio
A Combined Toxicity
T Potentiation
Excretion ) Synergism
Food e PP - - _ Ar)llta c?nism
Chemical A_"(' External —-+ Internal -+Target organ p * ° o Bioactivation J
Metabolism
Food tbitio "\ Detoxification
Chemical B n
Elimination v
Integrate magnitude
. in Risk Assessment
o ‘ %0 5| SCHOOL OF ADVANCED aBa UNIVERSITA
L - s AR
mg‘:éig sz Q) oparomson &) DI PARMA
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Melamine and Cyanuric acid BARMA

MELAMINE
MELAMINE

stones

/\

. H Maamlna

cryslals Vs
/

!f
\ -'J-f.—’
Renal TubL!anbememlar Injury

Renal Tubular/Glomerular Injury

Cyanuric Acid

¥

Serum/Urine Biomarkers (e.g., BUN/KIM-1)
Melamine and Cyanuric Acid form st soseses bres

rU
a covalent complex in Ko rvenygssn s i

Pathological Lesions

Synergistic toxicity

¥
Kidney Failure

Kidney Failure

Kobayashi et al. (2010)
Scanning electron microscope x 7000 and x 14000
A control Day 7
B Melamine
C Melamine+Cyanuric acid

x>
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Melamine and Cyanuric acid in Fish BARMA

Toxkcology and Applied Pharmacology 2000 (2009) 184-19%

Contents listx available at ScienceDirect

.E

Toxicology and Applied Pharmacology

journal homepage: www.alsevier.com/locata/iaap

Investigating the interaction between melamine and cyanuric acid usinga ™ _______________ ,
s 3 . a M a s (i 1 i Gast 1
Physiologically-Based Toxicokinetic model in rainbow trout e v Scanmio 1 : o tngastior
1
1
Cleo Tebby”, Céline Brochot”, Jean-Lou Dorne”, Rémy Beaudouin™™" 1 3 9 Su—
* doveriat Warional de TEsvironwmen Melennied of dar Riogoe (INERISH, Madel for Srossriooksgy and Tomooksgy i, Pare ALATA, P, 60550 Vermesil en dokane. : :( =D Uptwe
Fromew ———
* Fuswgwan Fooud Safery Aushority (EFSA), Soiranif Comesines and Frerging Risks Ui, Wi Canlo Maggso PA. 45136 Porma, haly : : ! MEL-CYA crystel
* irusting Norsonal de MEmvironvenens bndearid of des Risgees (INERIS), UME () G2 SFBRID, Parc ALATAL BF2. G553 Varmoul-on Makare, Fromce : m’ 1 : 1 formabon
1
! ' | MEL-CYA crysts
: * : ! § clminat on ag
] Unne ' ] a
e T ! a MELand CYA
---------------- N 1 1= dickribution
| Scenario 2 ! 1 5
! . 2
]
| ' —
: -
s s
1
5 ,
1
: @ : )
1 Ui N
B o o -
Fig. 1. Schematic description of the PETK model for rainbow wost (Grech et al, 2009) adapted to MEL and CYA, with two scenarios of crystal formation.
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26 Grape Fruit Juice (GJF) and Saint John’ s Wort
P PARMA

Archives of Toxicology
httpss//doiorg/10.1007/500204-018-2325-6

TOXICOGENOMICS

@Q\”B.\hﬁ
The Yin-Yang of CYP3A4: a Bayesian meta-analysis to quantify
inhibition and induction of CYP3A4 metabolism in humans and refine
uncertainty factors for mixture risk assessment

A AUC, 1/CL Cmax

Nadia Quignot'© - Witold Wiecek? - Billy Amzal' - Jean-Lou Dorne®

g
GFJ] : Competitive inhibition of CYP3A4 2
SJW: Induction of CYP3A4 £
£ .
E} 1
-Derive Uncertainty Factors from human g -
clinical trials on drugs 4 o
-Changes in kinetic parameters as basis 0%  25%  50%  75% 100%0%  25%  50%  75%  100%
for mixture RA for CYP3A4 Fraction metabolised by CYP3A4 (Fm)
inhibitors/inducers —e— Grapefruit juice -+-- St John's Wort
s,
*;__ %4 = SCHOOLOF ADVANCED L‘?‘ﬁ UNIVERSITA UNIVERSITA
mgféig it Q) roommi o (&) DI PARMA @ Sk o
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Dealing with Interactions: Combined toxicity in Bees

PARMA

Coenents lists available st Scwencelitea

Acute contact Toxicity

Environment International

lournal homepage: www.elsevier.com/locale/envir

’ p P ™ -
Investigating combined toxicity of binary mixtures in bees: Meta-analysis of )

laboratory tests, modelling, mechanistic basis and implications for risk == ‘
assessment 3 = &
Edoardo Carnesecchi’, Claus Svendsen”, Stefano Lasagni’, Audrey Grech', Nadia Quignot', o

Billy Amzal’, Cosimo Toma", Simone Tosi*, Agnes Rortals”, Jose Cortinos-Abrahantes”,
Ettore Capri', Nynke Kramer”, Emilio Benfenati”, David Spurgeon’, Gilles Guillot',
Jean Lou Christian Michel Dome™”

sdel Deviaton Rasto

Fig. 11, Camdlanad foequerncy of Model Deviation Ratio. MDE for statistically

siandcant wadies v wo«s from the et u.al was of aoute coatact taxicity
studies 00 hotey dees | .o AL " « 10, 2008, 200% - s -
4 L) ! \l! n > 1.2% twr-rr vymergiu toeac oo, E: i 0 Reals e
053 « \lm 1.25 sepwesents “additive” effects; MDR < 03 represenss

satagoeistic” kaleractiom.

Chronic oral Toxicity

DIM, LGS0 (96h) + PRO™ - .
DIM, LG50 (96h) + PRO™ - bt

- Interactions/Synergism in bees

DIM, LCS0 [240n) + PRO" - Species H la i H

ow. 550wy PR *x neaes Mostly due to inhibition of CYP metabolism

o Lo e || e = & o w - Limited data (oral) magnitude interactions acute contact

CLO. LCS0 (36h) + PRO* -~ =" Cromeals toxicity > acute oral/chronic oral

CLO, LCSO (86h) + PRO" e : ::p‘-tmmL - - -

CLO, Lo (24w + Tl -1 793 e — Addressing (co)-exposure dimension

CLO, LC5D (2400) + TAL ; .. = ¥ T=fwvalinate

v npind | i sl = Mortality as common metrics for risk characterisation
. {2400) + PROY ‘—-=l=—~

2 i i :
Estimated Mean Ratic
.*:'H "
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Dealing with Interactions: QSAR Development BARMA

Contents lists available at ScenceDiroct

Science of the Total Environment

EILSEVIER journal homepage: www.elsevier.com/locate/scitoteny

QSAR models predicting nature of combined

Predicting acute contact toxicity of organic binary mixtures in honey ) 1~ H H P
bees (A. mellifera) through innovative QSAR models 4 tOXICIty an d b ina ry m IXtu re tOXICIty
Edoardo Carnesecchi ™, Andrey A, Toropov*, Alla P. Toropova®*, Nynke Kramer ", Claus Svendsen, (AC u te con ta Ct tox i C i ty )

Jean Lou Dome “, Emilio Benfenati*
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Conclusions and Future perspectives PAR M A

- MIXTOX provides Harmonised GD for RA of multiple chemicals
Incl. Frameworks for each RA step and reporting Table as summary of results

Scientific criteria for grouping: Hazard-driven criteria and prioritisation
methods Public consultation Draft Guidance: May-July 2021-Publication: Dec 2021

Future work in this area includes

New Approach Methodologies for RA of multiple chemicals incl.QSARs
Dealing with interactions

Physiologically-based models and other biologically-based models
Environmental RA: Multiple stressors for bees (MUST-B opinion-May 2021)
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Thank You !! Questions ? DAR MA

Which exposure is right?

]

)

= Mixed
hazards
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