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Content of this session | O /] i

Background
to AU RO RA Session description for: Why it is challenging for MNP risk
. assessment (RA) to conform to traditional RA approaches,
prOJeCt and how can AURORA sufficiently assess risk to early-life
health.

This session will look into why there are challenges faced
when endeavouring to use accepted models of RA to
sufficiently address the diverse risks posed by MNPs; the
wide-ranging hazards of MNPs will be identified, as will their
extensive routes of exposure, these will form the basis to
advocate certain RA frameworks and concepts that may
contribute to a holistic approach for MNP RA, and how
further considerations are needed for the AURORA
consortium to align with their requirement to address early-
life health.
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G
AURORA project
Actionable EUropean ROadmap for Early-life Health Risk Assessment of Micro- and Nanoplastics

Prof. Roel Vermeulen, UMC Utrecht / Utrecht University
Coordinator AURORA

Focusing on a vulnerable period:

pregnancy & early-life
* exposure estimates
* maternal reproductive health
* placental transport and function
 child development
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Early life
biological effects



Risk assessment — general principles

To characterise risk, you need to:

Know the material properties;

Identify the hazard, i.e. the
potential of a substance to cause
harm;

Understand the probability for a
substance to cause harm;

Contextualise the risk.
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Substance of concern — RA in the context of MNP characteristics
Ve o

Morphology/ Surface
Polymer Leaching of size properties
chemistry contaminants «  Fibres
* Particles

* Polymeric core — containing chemical
contaminants e.g., bisphenol A
e Surface/unbound monomers

* Nanoparticles
* lrregular shapes
Films
Foams
Flakes

Contamination

Contamination * \Vector: colonised

surfaces e.g. with

* Absorbed environmental

pollutants e.g. PCBs, PAHs pathogens or mobile
genetic materials (MGM)

RA for
R chemicals
Fiota et A
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Substance of concern

b g

— RA in the context of MNP characteristics

Intrinsic properties Properties influenced/altered by exogenous factors

A

versus
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Hazard . . .
characterisation — iN the context of MNP characteristics
v
In the context of the characteristics
of the substance of concern
Fibres

Biopersistence

Size dependent reactivity
& translocation
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Chemical leaching or GSCd
adsorption | e
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In the context of

early-life health
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Exposure assessment — in the context of MNP characteristics
L .

EXTERNAL
ENVIRONMENTAL MEDIA
EEp poy

A key question for AURORA: to define a risk to

the foetus, would it be acceptable to know only
maternal transfer? B i
Note that to enable a risk mitigation strategy it | sousces =" Y exl
will also be important to know source exposure. &

TR WATER |

extemal

* SOIL&DUST
external

] PERSONAL CARE PRODUCTS
external

g INTERNAL
ENVIRONMENTAL MEDIA

IMPLANTED DEVICES

ow 7 1 Exposure for RA presentation
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P
Risk characterisation — using existing frameworks

Ne

RA for RA for RA for
chemicals plastics particles

WHO human health risk USEPA guidelines applied to EFSA Guidance on RA of
assessment toolkit. PET-containing water bottles. NMs in food chain.
ICCA Guidance on Chemical EFSA protocol for hazard Many NM-focussed
Risk Assessment. identification and frameworks.

characterisation of BPA.

RA for
MNPs

|

| —

RA for
mixtures

|

Noventa et al. 2021;
https://doi.org/10.118
6/s43591-021-00011-1

Koelmans 2022;
doi.org/10.1038/
s41578-021-00411-y.
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ECHA defined MAF.

Harmonised risk assessment

methodologies
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( chi‘,‘nﬁig.s } ICCA Guidance on Chemical Risk Assessment (2011) | O [\/] Nz

STEP 1: Select Substances for Risk Assessment

* Provides technical advice that is pragmatic and simplified; STEP 2 Gather Information
* Guidance allows for two stages: :
/ STEP 3: Allocate Substances to Tiers \

Preparation:
* Selection of substances;

* Gathering information; ummﬁfgrm vew%:%nm

* Allocating priority tiers; Ml Hoad Very Low Hazard

* Reassessment of relevant info according to priority level \_ e vy o A Spoiet Noisswined )
assigned.

Implementation: STEP 4: Complete Tier Relevant Information

* Characterisation of the hazard;

* Assessing exposure; STEP 5: Hazard Characterization STED & Exponas Aasesaant

* Risk characterisation based on hazard and exposure;

* Document outcomes. ki s

STEP 7: Risk Characterization

STEP 8: Document Outcome
Communicate to the Public (GPS Safety Summary)

0 3 CUSP RA workshop: 14 March 2023 | Matthew.Boyles@iom-world.org 14



( RA for

chemicals J ICCA Guidance on Chemical Risk Assessment (2011)

As a concept, priority tiers would be
beneficial in MNP RA;

To define which e.g. phys-chem properties
are highest priority, or which MNP sources
are highest priority;

Although these questions may not be
suitable, the concept is useful.

Does Chemical have intrinsic hazard?*
See Table 3

Yes

Chemical has wide and Chemical has limited

dispersive industrial, industrial / professional
professional or end- use
CONsuUmer use
Conditions of use can
Sas Tatka 4 be strictly controfied?
See table 4
No Yes
Tier 2:
Medium
Hazard /
Exposure
Potential

Top pricrity for D=4 priority for 3¢ priority for
Risk Assessment Risk Assessment Risk Assessment

CUSP RA workshop: 14 March 2023 | Matthew.Boyles@iom-world.org

Does Chemical have wide and dispersive industrial,
professional or end consumer use?

See Table 4
Yes No

Tier 2: Tier 4:
Medium Very Low
Hazard / ET;:M /
E‘.tpmna osure

20 priority for Mo Risk

Risk Assessment Assessment
needed
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( RA for

Chemica|sJ WHO human health risk assessment toolkit/roadmap (2021)

Provides guidance on chemical risk assessment,

includes

* Advice of sourcing and using relevant information;

* Stepwise approaches describing HHRA requirements;

* Does not provide guidance on risk management nor
risk communication.

The generic road map follows conventional RA:

* Problem formulation;

* Hazard identification;

* Exposure assessment;

* Risk characterisation.

But then offer detailed and step-wise procedures:

Problem formulation
What is the objective, approach and scope of the risk assessment?

What is the risk management goal and the acceptable degree of uncertainty?

Is the identity of the chemical known?

J

¥

Hazard identification
Are the potential hazards to human health caused by the
chemical known?

N2

Hazard characterization and Exposure assessment
guidance/guideline value Do those assumptions reflect
identification conditions specific to the population
Do guidance or guideline values from of interest for this assessment?
international organizations exist for

the chernical? I In what ways could people come into

contact with the chemical?

What assumptions about exposure

: : ; How much exposure is likely to
scenarios are incorporated into P y

: i accur?
guidance/guideline values for the
chemical? For how long is exposure likely to
occur?

What metric of exposure is
appropriate for characterizing health
risks?

2

Risk characterization
How does the estimated exposure compare with guidance/guideline values or
hazard Points of Departure for the chemical?

What are the uncertainties in the assessment?

CUSP RA workshop: 14 March 2023 | Matthew.Boyles@iom-world.org 16
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RA for
chemicals

Provides guidance on chemical risk assessment,
includes

* Advice of sourcing and using relevant information;
» Stepwise approaches describing HHRA requirements;
* Does not provide guidance on risk management nor

risk communication.

The generic road map follows conventional RA:
* Problem formulation;
* Hazard identification;
* Exposure assessment;
* Risk characterisation.

But then offer detailed and step-wise procedures:

e Through Q&A for each step;
* By providing a tiered strategy;

By offering a decision tree function;

WHO human health risk assessment toolkit/roadmap (2021)

Problem formulation

What is the objective, approach and scope of the risk
assessment?

Clear idea of the objective and scope of the assessment,
the resources available and the approach to be followed

Whiat is the risk management goal and the acceptable
degree of uncertainty?

Clear vision of what is needed to achieve the risk
management goal

Is the identity of the chemical known?

Clear identification of chemical in question through
Chemical Abstracts Service (CAS) registry number

Hazard identification

Are the potential hazards to human health caused by the
chemical known?

Description of health hazards obtained from
internationally available information

Screening stage P

Using existing data,
but represents local
Provides qual, or conditions.
quant. analysis.

Using exlsting data;

3 i New hazard and/or
Existing data or new exposure data.
exposure data.

Has the identity of the chemical been clearly identified in
Yes problem formulation? No

Are the potential hazards to human health
caused by the chemical known?
No

Yes

,‘\ Stop
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Gather information on presence of chemical in
environmental media associated with industrial, natural
or other sources or processes and/or its presence in food

and products of interest

1

Search emission scenario information on the sources,
processes or products of interest

b

Full_tevt cearch nf TNCHEM datahace
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RA for
chemicals

RA for
particles

IATA and tiered testing

OECD

Case studies for assessment purpose

3% —

31% —

-+grac

Assessment type
@ Grouping (Read-across)

Sefety assessmeant workflow

@ Cumulative risk aszessment

IOUS

@ Screening, prioritisation, Haza...

Case studies for specific endpoints

3 —o%
s

3%
4%
ok

3% —

T

7.~

1 — 17%

¢ 6 forinhalation route
Human Health

e 7 fororal route
17 IATAs (including sub- IATAs)

4 for dermal route
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Endpoints

@ Repested doss toxicity

@ Developmental neurotoxicity
Meurctoxicity

® Endocrine disruption

@ Reproductive toxicity

@ Mutagenicity

@ Biozccumulation

@ Developmental toxicity

@ Ecotoxicity
Genotosicity

@ Repesated dose respiratory toxicology

@ 5kin sensitisation
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RA for RA for . .
chemicals oarticles | 1ATA and tiered testing

Dermal exposure to nanoforms 4 ‘

Integrated Approaches to Testing and Assessment for Grouping Nanomaterials following Dermal 4 .

Exposure. Luisana di Cristo, Gemma Janer, Susan Dekkers, Matthew Boyles, Anna Giusti, Johannes g ra C I o U S
G. Keller, Wendel Wohlleben, Hedwig Braakhuis, Lan Ma-Hock, Agnes G. Oomen, Andrea Haase,

Vicki Stone, Fiona Murphy, Helinor J Johnston and Stefania Sabella. Nanotoxicology, 2022

Human dermal hypotheses

: % 5 : 2 5 i O et Decimion node on M| | DEGEGN iode o
H-D-2: NFs with an instantaneous dissalution: Fallowing dermal exposure, instantaneously dissolving MFs will dissolve into Desision node on NF dissnation (Bwest Daclaion node on NF | particls ‘i‘:’:’:‘;.:
- - - - e i el and articte size. lomuratant roparti
H-D-1 NFs with constituent substance(s) or degradation products classified for dermal irritation their molecular or ionlc form and will cause similar toxicity as substances instantaneously releasing, dissolving sndfor | Thiica) I =E I e 1h;:dmphulbwl;lrlv and
transforming inta the same ionic or molecular farms. | N \l‘_ | -
or sensitization: Dermal exposure to the NFs will result in comparable dermal irritation - —
1 Firvaro axistng dar
or sensitization depending on NF dissolution rate. 4 it distelmen’ . o . @ i,
» [ s oo P
MNuiicls. ™ Snod:
D - . . P~ . . > Prefemed mathad: St tang o
H-D-2 NFs with an instantancous dissolution: Following dermal exposure, instantancously P — | e e . ) ) ango
- e s onatitisnt paetcla | | Sice aualysis ou NE SoHTTon
S - . . - . - 4 3 ze tion i i el
dissolving NFs will dissolve into their molecular or ionic form and will cause similar T 5 (Wetesemsl] |B i Predermig et | | TEMETSTIHREIR | | rgsr-i7esd. 20ie
apecific simudant s 2?’5&‘."%‘;"’?120 Dt:’:'““* e activity
toxicity as ly releasing, dissolving and/or transforming into the Does the NF dissolye instantaneausly H-D-2 is rejected. cofcEneinn niay] | Swiin Hlsmoludoy 3 iy, v G 3, MLs i meto
{ty21 b} in simulated sweat? Dermal exposure of viable layers of the skinto EEiot dzn ol e iheatertsls FOPD,
foni \ i . £ D04 -H.2021) ot = i 13020y 2235, EFR
same ionic or molecular forms. particles is possiole, Consider H-D-1, H-D-3, H-D-4 u::':o "mm]'m»a
(Waalirials 2020,

H-D-3  NFs that are not biopersistent: Dermal exposure to NFs will not lead to accumulation of

NFs or subsequent systemic toxicity.

T Riwicn s, g dal

o
" s -
H-D-4 NFs that are larger than Snm and which are not flexible: Following dermal exposure, HD-2is w:ep_ted. = E‘,:,.L‘,,’::ﬂ'::,"i“q’;’;rmﬁ
Sh and Precautionary;
NFs will result in limited or no dermal absorption and no dermal or systemic toxicity. Predict hazard based on hazard of I FEERETETTaS
constituent ions/molecules o
&= N VIO aEsAYS
Regulatory: Perform read-across Le - Profered mefbats: OECE 2014

source material for dermal irritation and
sensitization

Figure 5: TTS developed for each DN of the IATAs for hypotheses H-D-1,

IATA for H-D-2. Blue bordered boxes are decision nodes, red bordered H-D-2, H-D-3 and H-D-4. The TTS provides specific acellular in vitro
boxes are hypothesis conclusions, black bordered boxes describe methods to use to satisfy each DN of the dermal IATAs in Tier 1 and
options to consider. more general cellular in vitro and in vivo methods to evaluate the

specific hazard endpoints (i.e., dermal irritation, sensitization and
toxicity) at Tier 2 and Tier 3, respectively.
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RA f G
( particolgs Covered previously |ON &

NanoRiskCat®» |#®

A decision-making framework for the grouping and testing @Cmmk
of nanomaterials (DF4nanoGrouping)

Josje H.E. Arts?, Mackenzie Hadi ®, Muhammad-Adeel Irfan €, Athena M. KEEHE_Ed. Reinhard Kreiling ©,

Delina Lyon ', Monika Maier ®, Karin Michel ", Thomas Petry’, Ursula G. Sauer’, David Warheit ¥,
Karin Wiench “, Wendel Wohlleben ©, Robert Landsiedel ~*

U B
-*gracious

e k

NANOMATERH

<l Sustainable Nanotechnologies Project
. r".‘,..‘r'_."-
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( RA for J Assessing combined risk from exposure to multiple chemicals or | O M Ry
mixtures .
multifaceted MNPs

Individual components combined to a potential mixtures exposure?
MNP chemical composition: .
* 5300 polymer formulations; 2400 plastic-related .

substances of potential concern ‘/

* Monomers and oligomers

e Chemical additives (up to 50% weight) (e.g., plasticizers,
flame retardants, stabilizers, pigments, biocides)

* Non-intentionally added substances (i.e., impurities,

) ) Chemicals > 10 000 substances
reaction by-products, degradation products) oO,onC - 7 used in plastics

(.. Data compilation !

P 1

‘/Co ! and analysis
(o] ”,

-

Adsorbed/absorbed:

Microbes/bioflims, chemicals, metals o rdanion

f o known inventories
Sy mn' ’ —— =

- '
2 Plastics Y J

'l |‘ ll no l!]li}ill‘.g

| R : h'aﬂrd IL"xrdha;?l’i
\ (]

: ! >2 400 substances 9 . pojiution

A\
\ r
i e L \.p of concern

‘‘‘‘‘

3_ * Concentrations

. Regulatory &
* research gaps

Literature
review

Weithmann et al Science Advances 2018; Wiesinger et al. Environ Sci Technol 2021
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( RA for J Assessing combined risk from exposure to multiple chemicals or | O M
mixtures o
multifaceted MNPs

A Mixture Assessment Factor (MAF). E
. . = Collect exposure and {ecojtosicity information
» Reported recently by the Swedish Chemicals Agency (KEMI)! and i for al misturs components
undergoing consideration for use within REACH; 2 @IE—. T g
e Used in data-poor scenarios; £2 5
* Not to be used to replace full mixture risk assessment when £E | e p————ry |
sufficient data are available; :‘%E i "
. . . . b E Set all RQ that are >1.0
* Predicts a risk based on the sum of calculated Risk Quotient (RQ); i | Suemm
* E.g. PEC/PNEC ratio or Exposure/DNEL ratio 5§ [rBEEeRR
8 e o mixture issue, rick of the mixture is
* If <1 considered safe, if >1 considered unsafe. 3 _.mm,_ﬂ_. et i s
g I Risk ix (alza) caused by the mixture, MAF needed. I
I
g | Begin with an ilnitial MAF of |
E | Divide those RQ values e —yyTT by the MAF  Jéme
|
E [ ROSUM, < LO7
no | yes Stepwise reduction of
I the MaF
| RSy = 1.0 |
| current mAF s the final estimate |
e -(' _- 1KEMI. 2021, Improving the regulatory assessment of combination effects: steps towards implementing the
P ':'-'l.;v mixture assessment factor (MAF) in chemical regulation. pp 1-61. : s.n., 2021. Article number: 511 421.
O . CUSP RA workshop: 14 March 2023 | Matthew.Boyles@iom-world.org 22



Assessing combined risk from exposure to multiple chemicals or

multifaceted MNPs
A Mixture Assessment Factor (MAF).

Harmonised risk assessment methodologies — when sufficient data

and resources are available.

* Various framework suggestions e.g. from OECD (2018), EFSA

(2019), WHO (2009), and others;

* Follows general/ more traditional RA format;

e Provide risk characterisation for the whole mixture and

component-based approaches.

Tiered Exposure
Assessments

Assessment

Yes, no further
action required

eneric exposure scenal

using
g

P
estimates

Is the margin of

Tiered Hazard
Assessments

Tier
Defaultdose
addition for all
components

!

Refined potency based

adequate?

Increasing refinement of exposure

!

Tier3
Probabilisticexposure
estimates

g hazard models)

No, continue with iterative
refinement as needed
i.e. more complex exposure &

on indivi POD,
refinement of POD

1

More refined potency (RPF) and
grouping based on MOA

!

Tier3
PBPK or BBDR; probabilistic
estimates of risk.

piezey 40 JuatULes Buses |

Combined Combined
Exposure Hazard
Assessment Assessment

Risk
Characterisation

v

' ™

Identify potential scenario for
— assessment of nsk from combined
exposure to multiple chemicals

L. "

generate data
Confirm ntial for ure
\ ontirm potential for co-exposure

\

I/_Formu late assessment question to
be answered

Determine scope of the assessment
Identify data availability and/or

Conduct hazard and exposure \
assessments in parallel

Apply tiered approach to assessment
and risk characterisation starting with
conservative assumptions and
progressing until regulatory question
can be answered or data limits further
refinement

May result in need to maodify the
scope of the assessment or gather
more information /

Document outcome of assessment of )
combined exposure to multiple
chemicals

Identify and document key
uncertainties

OECD (2018); CONSIDERATIONS FOR ASSESSING THE RISKS OF COMBINED EXPOSURE TO MULTIPLE CHEMICALS; Series on Testing and Assessment No. 296.

o: CUSP RA workshop: 14 March 2023 | Matthew.Boyles@iom-world.org
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RA for RA for
MNPs plastics

Individual components:

MNPs as a whole:

"~ efsam Bisphenol A (BPA) hazard assessment protocol

Ewropean Food Safuiy Authosity
E— European Food Safety Authority (EFSA),
Ursula Gundert-Remy, Johanna Bodin, Cristina Bosetti, Rex FitzGel World Acadeuny of Scicnce, Engmeering and Technology
Hass, Carlijn Hooijmans, Andrew A. Rooney, Christophe Rousselle, ienal Journal of \',U]'? e ;f: “eclogieal Engineering
Wolfle, Fulvio Barizzone, Cristina Croera, Claudio Putzu an T

Health Risk Assessment of PET Bottles in GCC

M. M. Mortula

Risk assessment of microplastic
particles

Albert A. Koelmans®=, Paula E. Redondo-Hasselerharm@, Nur Hazimah Mohamed Nors,

Vera N. de Ruijter(, Svenja M. Mintenig and Merel Kooi [
Paradigms to assess the human health risks L@J
of nano- and microplastics -

Seta Noventa'”, Matthew S. P. Boyles®, Andreas Seifert™, Simone Belluco®, Aracaeli Sénchez Jiménez®,

Helinor J. Johnston’, Lang Tran?, Teresa F. Fernandes®, Lapo Mughini-Gras®, Massimiliano Orsini®, Fabiana Corami',
Kepa Castro'', Franco Mutinelli'?, Massimo Boldrin'? Victar Puntes'*', Mahshid Sotoudeh'®, Giulia Mascarello'®,
Barbara Tiozzo'®, Polly McLean?, Francesca Ronchi', Andy M. Booth '/, Albert A. Koelmans'®® and

Carmen Losasso'?

CUSP RA workshop: 14 March 2023 | Matthew.Boyles@iom-world.org
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RA for RA for .
( MNPs J ( St J Single components or MNPs as a whole?

MNPS as a whole: Problem definition
Exposure characteristics mdl:xgic‘:
| effect
Risk assessment of microplastic e
: !e.{.'hrlinle.a an and control
pa rtl CI eS harmonization I
Albert A. Koelmansm=, Paula E. Redondo-Hasselerharm. Nur Hazimah Mohamed Norg,
Vera N. de Ruijter, Svenja M. Mintenig and Merel Kooi BosemstvilochtimaliGtini cE-AtEsE
Effect mechanism
Exposure dose metric Effect dose metric
* Optimised ‘Problem definition’ to include a protective objective;
* Uses probability density functions (PDFs) to better define - Surface — ot
area ratio

multifaceted risk/toxicity;
* Exposure dose and effect thresholds determined according to
predetermined metrics; Expoaucs probia A rapatn i
* The defined exposure & effect profile aligned to their
‘microplastic continuum’

Aligning dose to microplastic continuum

Risk charactedzation

I i Koelmans 2022; doi.org/10.1038/s41578-021-00411- y.
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RA for
MNPs

RA for
plastics

MNPs as a whole:

®

Check for J
updates

Paradigms to assess the human health risks
of nano- and microplastics

Seta Noventa', Matthew S. P. Boyles?, Andreas Seifert™, Simone Belluco®, Aracaeli Sanchez JiméneZ®,

Helinor J. Johnston’, Lang Tran?, Teresa F. Fernandes®, Lapo Mughini-Gras®, Massimiliano Orsini’, Fabiana Corami'®,
Kepa Castro'', France Mutinelli'?, Massimo Boldrin'?, Victor Puntes'*'*, Mahshid Sotoudeh'>, Giulia Mascarello ™,
Barbara Tiozzo'®, Polly McLean’, Francesca Ronchi', Andy M. Booth'”, Albert A. Koelmans'®@ and

st
Carmen Losasso ™~ @

* Follows the traditional 4 pillars of RA
* Introduces 4 paradigms to better define/measure
MNP HH continuum;
* Advancing methods for MNP detection,
* Empirical data on occurrence and effects of

MNPs,

* Modelling — exposure and effect, and
uncertainty,

* Engagement with e.g. government &
regulators.

Inhalation Pathway

airborne
NMPs

. NMPs in
 food and
- beverages

Iﬁgcsrion pathway

Single components or MNPs as a whole?

Paradigm 2:
empirical data

@ Dynamics of hazard profiles

Relative importance of

( HAZARD EXPOSURE HAZARD \
IDENTIFICATION ASSESSMENT CHARACTERIZATION
Physical, chemical, and Magnitude o
microbiological profiles Fraquency
Physical, chemical, and Magnitude
microbiological profiles Frequency

Solving non-alignment data

2

P Absorption, distribution,
metabolism and excretion study

® differential fluxes of chemicals Probabilistic exposure @ Phiysiologically based
" i Z h kineti
Paradigm 3: and microbiclogical elements modelling N Ei;r:;;iulgf ::odeliing
theoretical via NMPs vs via other carriers
) . © Effect thresholds

and modelling 1 )
approaches |

Jedeals RISK CHARACTERIZATION )

Risk modellin % Risk mitigation
9 7 9

Paradigm 4: oo o)
stakeholder
engagement P—

\

Noventa et al. 2021; https://doi.org/10.1186/s43591-021-00011-1

CUSP RA workshop: 14 March 2023 | Matthew.Boyles@iom-world.org
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AU ROR A Next steps for RA within the AURORA project [OM W

BPA ;°“ L
-« 0@
i

)

Substance of concern

I

Pl 7N

Hazard Exposure assessment
characterisation P

’v N

Risk characterisation

)

(
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Thanks

for your attention!

AURORA

www.auroraresearch.eu

W @AuroraProjectEU
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