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Topics

1. General RA paradigm and terminology

2. Risk Assessment Schemes; WHO and REACH as examples

3. Uncertainties in risk assessment

4. Mixture risk assessment
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Terminology and RA process

Threshold/non-threshold
NOAEL/NOAEC or LOAEL/LOAEC
BMDL

PoD

Dose adjustment, human equivalent
concentration

Uncertainty factor/assessment factor
Probabilistic/deterministic analysis

Uncertainty analysis

WHO RA terminology:

Hazard assessment

Risk assessment process

Hazard
identification

Hazard

characterization Exposure

(= dose response Assessment
assessment)

=> RfV . l

Risk characterization
(exposure estimate/RfV)

D

https://www.who.int/ipcs/methods/harmonization/areas/terminology/en/

/
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Classical hazard characterization process

* Animal toxicity studies often the starting point

e |dentification of the dose response (threshold, non-
threshold)

 Usuallyin relation to external intake
e Extrapolation to humans, covering of uncertainties

e Use of (in vitro) mechanistic data in the
characterization of the dose response

—> Health based limit value/RfD/TDI/ADI/DNEL.....

e Usually given as external intake values: mg/kg bw
(oral) or mg/m?3 (inhalation) or mg/cm? (dermal)
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Assumptions in classical hazard
characterization
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100-FOLD UMCERTAIMTY FACTOR

INTER-SPECIES INTER-INDIYIDUAL
DIFFERENCES DIFFERENCES
0-FOLO 10-FOLO
TOxICO- TOxICO- TOXICO- TOxICO-
DY MAMICS KINETICS O NARMICE KINETICS
1024 1006 1005 Jo0Ls
[2.5] [4.0] [5.2] [5.2]

Fig. 1. Subdivision of the 100-fold uncertainty factor showing the
relationship between the use of uncertainty factors {above the
dashed line) and proposed subdivisions based on toxicokinetics
and toxicodynamics {(based on Renwick, 1993b). Actual data should
be used to replace the default values if available.

Reference: WHO: EHC 210, 1999. Principles for the Assessment of Risks to Human Health from Exposure to Chemicals.



Non-threshold effects

e Estimation of risk at specific exposure levels

* What is the acceptable risk?
1 extra cancer per 1 milj people per year?
1 extra cancer per 100 000?
e 1 extracancer per 10 0007

* Inthe end of the day, this is a risk management
(=political) decision

-~
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Different risk assessment schemes

Global schemes

WHO RA scheme

FAO RA scheme

WHOPES RA schemes

EU schemes

EU chemicals legislation (REACH)
EFSA: Food safety

RA under PPP regulation

RA under biocides regulation

RA of cosmetics in EU
RA under EU OSH regulation
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WHO Risk assessment guidance

WHO Human Health
Risk Assessment Toolkit:

Chemical Hazards

(@B World Health

g TE‘__,# Organization

https://www.who.int/ipcs/publications/ehc/methodology alphabetical/en/
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WHO/IPCS Paradigm of Risk
Assessment

Problem formulation

Establishes de scope and
objectives of the assessment

Defining the question
Prior knowledge
Desired outcomes

Hazard identification

Identifies the type and nature of
the adverse health effects

Human studies

Animal-based toxicology studies
In vitro toxicology studies
Structure-activity studies

Hazard
characterization

Quantitative or qualitative
description of the inherent
properties of an agent having
properties to cause adverse
health effect

Selection of critical dataset
Modes/mechanism of action
Kinetic variability

Dynamic variability
Dose-response for critical effect

Exposure assessment

Evaluation of the concentration or
amount of a particular agent that
reaches the target population

Magnitude
Frequency
Duration
Route
Extent

Risk characterization

Advice for decision-making

Probability of occurrence
Severity

Given population
Uncertainties
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Table 2: Output from the framework for chemical risk assessment in the context of the

Toolkit.

Question
Hazard identification
Is the identity of the chemical known?

Is the chemical polenlially hazandous 1o
himnans 7

Owtput

Clear kentification of chemical in question
through CAS registrny numiser

Descriplion of health hazards obtained fram
internationally available informaton

Hazard characterizationiguidance or guidaline value identification

Whal properties of the chemical have the
potential to cause adverse heslih effects?

Do guidance o guideling values from
infernational organizations exist for the
chemical?

Whal assumplions aboul exposung and dose
are incorporated into guidancalguideline
walues for the chemical?

Do hase assumplions reflect condilions
speciiic to the local population?

Exposure assassmant

In what ways could people coms inde contact
with the chemical?

What malric af exposung is appropriale o
charactenzing heafth Aska?

Rizk characterization

How doas the estimated exposure compare
with guidanca/guidelineg values for the
chemical?

CAS, Chemical Abafracts Service

Qualitative or guantitative description of the
inherent properties of the agent having the
potential io cause adverse health effects

List of guidance of guideling values {rates o
concantrations) for the chemical obfalned from
int=rnationally available resources

Lizt af assumplions about comfact rales,
abszorption and other factors incorporated into the
guidance or guideline values

A reference value that reflecls exposure and dose
parameters specific to the local culture and
dernographics

Ciualitative description of the relevant media and
exposure routes

Determinalion from the guidance or guideline
value of whether an exposure concentration or
exposure rate s needed to perform the risk
characterization

A guantitative or qualitative statement of non-
CAMCET oF cancar risk

Source: IPCS, Chemical risk assessment toolbox
/ "«s\:\v{‘\
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Tiered approach for the RA (according to WHO)

Specific data needs

Tier 1 (screening)

Tier 2 (adaptive)

Tier 3 (modelling/field based RA)

Tier 4 (Full in depth RA)
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Analysing uncertainty/confidence in final RA

Voltaire: Uncertainty is an uncomfortable IPCS
position. But certainty is an absurd one.

Guidance Documant

on Evaluating and Expressing
Uncertainty in Hazard
Characterization

% Drganization

53‘ "'g Warkd Health

Also: Guidance document on characterizing and communicating
uncertainty in exposure assessment, IPCS, 2008

https://www.who.int/ipcs/methods/harmonization/en/



Mixtures: WHO/IPCS 2009

Example Tiered Exposure and Hazard Considerations:
Mixture or Component Based

Tiered exposure Tiered hazard
assessments assessments

Yes, no further
action required

N~ T -~

Tier 1
Refined potency based
on indwidual POD,
refinerment of POD

Increasing refinement of exposure models
S|9pOW pJEZRY jo Judweuya Bujseasdu|

No, continue with iterative
refinement as needed
(i.e. more complex
exposure and hazard
models)

R

Figure 2: A conceptual representation of the WHO/IPCS framework (from Meek et al., 2011)
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Mixtures: WHO/IPCS 2009

T
Structural ADME Mechanism -
Considerations Considemations MOA Response 5
1 i 1 ' 1 g
1 ] 1 ] 1 o
1 ] [ I 1 ;
+ + 4 4+ 4
Common Commaon Common
gm Metabolite Moleaular Key
Bomonitoring Target Event
Tier 1 e
Modiied
Tier 1 e + + +*
Tier 2 b +4t e ++
Tier 3 e -—— R e

[The * # s denote the amourt of atenbion.]

Figure 3: A proposed approach to tiered consideration of hazard for exposure to multiple chemicals
(from WHO/IPCS 2009b)
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REACH risk assessment

i » Gather and share existing information : + Gather existing information
+ Consider information needs : i on uses, conditions of use,
i » Identify information gaps § i emissions and exposure ]
i « Generate new data/ propose : i « Consider information needs .
i testing strategy ‘ - I -
......................................... [...--_........u
| Hazard Assessment I Exposure Assessment
""" ter - If classified
I 1 as:
i : Human Health [1] Do i _.: ——— et b,
- nevise 1 or PBT/VPVB 0
| it | : Phys-chem [2] : SE::::::;S] | | conditions of
(Information |, [ Environment(3)| | _lexposurebased|, ) | s |
: : bl - Ei'::::;“[g]f ! | Information |
e 1 exposwe [ R ekt
. - iggered testing - - r----
PBT/VPVB
Assessment [4]
+

Risk Characterisation [6] based on control of risks:

* Human exposure < DNEL or PEC < PNEC

* For non-threshold substances, assess likelihood that effects are avoided
* For PBT/VPVB substances: minimise emissions and exposure

* Use uncertainty analysis to test robustness of results

!
NO — 6.Control of Risks? — NO

YES

» Make Chemical Safety Report (CSR)
« If substance is classified dangerous or PBT/VPVB, the CSR also
Includes Exposure Scenario(s) describing control of risks by OCs and RMMs
* Implement RMMs for own manufacture or use
« Communicate ES with OCs and RMMs down the supply chain with
Safety Data Sheet (SDS)
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Terminology

CSA = Chemical Safety Assessment

CSR = Chemical Safety Report

DNEL= derived no-effect level (mg/kg bw or mg/m3)

DMEL= derived minimal effect level

Exposure Scenario=description of the specific situations in which exposure may occur

Read-across= extrapolation of the hazardous properties of the compound on the basis of related
substances

(Q)SAR = (Quantitative) Structure-Activity Relations

/
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REACH DNELs for different exposure scenarios

Exposure pattern DNEL/DMEL (appropriate unit)
Workers General population °

Acute — inhalation, systemic effects’ mﬁ :;;E;ﬁ mwmﬁﬁ acute St
Acute — dermal, local effects’ xg%i?ﬂ acute for dermal mmm acute for
Acute — inhalation. local effects’ mum R mwmﬁﬂm acute for
Long-term — dermal, systemic effects’ mm Y';";mm for mm?ﬁm long-term for
Long-term — inhalation, systemic effects’ mﬁeﬁiﬂfﬁ MM$ long-tenm for
Long-term — oral. systemic effects’ Not relevant m%nﬂ long: term for
Long-term — dermal. local effects mmﬁm for mm:lﬂﬂm long-term for
Long-term — inhalation, local effects’ mmm&ﬁm for mmﬂm?m long-term for

" Units for systemic exposure are mg/m’ for inhalation. and mg/kg bw for oral and dermal exposure

? Units for local effects are mg/ /m’ for inhalation: and for dermal exXposure; mg/ ‘em” skin, mg/person/day (e.g.. calculated based on the
deposited amount per cm” times the actually exposed body area), or a measure of concentration (%s or ppm)

} General population includes consumers and humans via the environment. In rare cases it may also be relevant to derive a DNEL for
specific subpolulations, such as chuldren.
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REACH exposure assessment: example

WCS PROC | Inhalation Dermal Contribution to daily | Inhalation Dermal
exposure exposure | operator exposure exposure 8 exposure
(mg/m3) (mg/kg) hour TWA | 8 hour TWA
Daily frequency | (mg/m3) (mg/kg)
duration
ES1 1 0.05 0.03 0,125 1
0.01 0.00
ES2 3 5.5 0.7 0.41 1
2.26 0.29
ES3 3 5.5 0.7 0.41 1
2.26 0.29
ES4 8b 6.84 2.7 0.125 0.2
0.17 0.07
ES5 8a 16.4 0.555 Full* 0.2
3.28 0.11
ES6 8a 4.1 0.27 Full* 0.05
0.21 0.01
ES97 15 5.5 0.07 0.125 0.2
0.17 0.00
SUM 8.34 0.77

Man via Environment - inhalation

Local PEC: 6.673E-4 mg/m3

Man via Environment - oral

Exposure via food consumption:
1.625E-6 mg/kg bw/day

Exposure assessment
often based ONn mode|

Often Measured data

limited.
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Refinement of the exposure assessment with
measured data

* More hazardous the substance is, or when
exposure estimate is close to DNEL => more refined
exposure assessment needed

e Usually external contaminant levels in air, food,
surfaces, consumer products etc....

e Still challenges related to the actual intake and
combined exposure from different sources

—> biomonitoring could provide invaluable data for
exposure assessment
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