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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

Risk assessment 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

• ……

Hazard 
identification

Hazard 
characterization 
(= dose response 
assessment)
=> RfV

Exposure 
Assessment

Risk characterization
(exposure estimate/RfV) 

Risk management
WHO RA terminology:
https://www.who.int/ipcs/methods/harmonization/areas/terminology/en/
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• Animal toxicity studies often the starting point
• Identification of the dose response (threshold, non-

threshold)
• Usually in relation to external intake

• Extrapolation to humans, covering of uncertainties
• Use of (in vitro) mechanistic data in the 

characterization of the dose response
 Health based limit value/RfD/TDI/ADI/DNEL….. 

• Usually given as external intake values: mg/kg bw
(oral) or mg/m3 (inhalation) or mg/cm2 (dermal)
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Classical hazard characterization process



Shape of the dose-response
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Assumptions in classical hazard 
characterization
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Addressing uncertainties: uncertainty (assessment) factors



• 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?
• 1 extra cancer per 10 000?
• ….

• In the end of the day, this is a risk management 
(=political) decision
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Non-threshold effects



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 
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https://www.who.int/ipcs/publications/ehc/methodology_alphabetical/en/



WHO/IPCS Paradigm of Risk 
Assessment
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Source: IPCS, Chemical risk assessment toolbox
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Tiered approach for the RA (according to WHO)

Tier 1 (screening)

Tier 4 (Full in depth RA)

Specific data needs

Tier 2 (adaptive)

Tier 3 (modelling/field based RA) 
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• Qualitative communication of 
uncertainties in the assessment

• Quantitative: WHO quantitative 
(probabilistic) approach for the 
evaluation of uncertainties in 
hazard and exposure assessment

Analysing uncertainty/confidence in final RA

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

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

Voltaire: Uncertainty is an uncomfortable 
position. But certainty is an absurd one.
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Mixtures: WHO/IPCS 2009
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Mixtures: WHO/IPCS 2009
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REACH risk assessment
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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
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REACH exposure assessment: example

WCS PROC Inhalation
exposure
(mg/m3)

Dermal
exposure
(mg/kg)

Contribution to daily
operator exposure

Inhalation
exposure 8
hour TWA
(mg/m3)

Dermal
exposure

8 hour TWA
(mg/kg)Daily

duration
frequency

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



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

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

• 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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Refinement of the exposure assessment with 
measured data
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