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Presentation overview

• Chemical assessment programs

– Objective: protect environment and human health

– Method: quantify exposure and potential risk

– Problem: large number of chemicals; few measure data, 
uncertainty is substantial, needs to be addressed, where to start?

• Mass balance and Quantitative Structure-Activity 
(Property) Relationship (QSA(P)R) models needed for 
screening and prioritization

– “PBT categorization” & “holistic multimedia exposure”

• Multimedia exposure models and uncertainty analysis can 
be used to identify data gaps and “reduce uncertainty”

– Case study: RAIDAR model and human exposure assessment



Environmental Medium         Half-Life (HL)

Air > 2 days

Water > 182 days

Soil > 182 days

Sediment > 365 days

Evaluating “P”: single compartment half-lives

e.g., Canada’s “P” Regulations (2000):

Evaluate: compare medium specific HLs to criterion

“Pass / Fail”; uncertainty not addressed

Often process includes a fate model calculation, EQC



Data available for “P” assessments

• Case study:

• Canadian Domestic Substances List (DSL) ~11,000 

organic chemicals (Categorization CD-ROM)

– Water – Soil – Sediment half-lives:

– “shake flask” biodegradation data, i.e., BOD (<10% of DSL)

– “Measured” environmental half-lives (12 DSL chemicals)

– Not a trivial task – high degree of variability and uncertainty

– “QSARs” used in absence of measured data



MacLeod and McKone ET&C  2004

POV – human iF relationships

No strong relationships between 

iF and environmental medium 

specific half-lives

Suggests human far-field 

exposure potential is a function of 

the “whole environment”

Intake Fraction (iF) = Intake rate / Emission rate

Provides comparisons for relative exposure potential

CalTOX model



Parameter Value

Bioaccumulation factor (BAF) > 5,000

Bioconcentration factor (BCF) > 5,000

Octanol-water partition coefficient (log KOW) > 5

All endpoints with respect to aquatic organisms, i.e., fish

“Pass / Fail”; uncertainty not addressed

Evaluating “B”: aquatic paradigm

e.g., Canada’s “B” Regulations (2000):



Data available for “B” assessments
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Measured BCF or BAF < 4% of DSL

Measured KOW < 10% of DSL
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Environmental fate/transport, distribution, 

degradation, food web bioaccumulation and 

exposure to humans

Chemical emissions

Conceptual model: far-field human exposure

Mackay  2001 



Mass balance exposure models, e.g., RAIDAR

Combined mass balance fate and food web bioaccumulation models 

for ecological and human exposure (and risk) assessment

Environ Sci & Technol 2006 (V.1.0) Environ Sci & Technol 2008 (V.2.0)

Air

Sediment

Soil

Water

100,00 km2 regional area

Level II or Level III fate calculations

~ CEMC EQC model



e.g., RAIDAR Human Far-field Chemical Exposure Metrics

Environment BiotaUnit Emission Rate 
(EU)

Actual Emission Rate (EA) estimates required

1. Intake Fraction iF

Sensitivity Uncertainty

2. Concentration CU (ng/g)

Sensitivity Uncertainty

3. Concentration CA (ng/g)

External Dose 
(excluding ADME)

Internal Dose
(including ADME)

Sensitivity Uncertainty



Input requirements for multimedia exposure models

• Phys-chem properties: MW, KOW, KAW (or P and Sw), Ka

• Reaction half-lives (HL): air, water, soil, sediment and 
biotransformation half-lives in vertebrates

• Same input parameters required for typical “P&B” 
categorization model assesments

• CA estimates require “actual” emission rate estimate (EA)



Uncertainty analysis
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Contribution of Variance (CV):

propagation of uncertainty of all 

model input parameters on 

model output, e.g., CU

Distributions (uncertainty) for 

model input parameters may 

require professional judgment, 

particularly for incomplete datasets

Linking “emissions-to-exposure” provides unique opportunities to 

address uncertainty



Include uncertainty in human far-field exposure 

assessment (e.g., CU)
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Uncertainty analysis: one chemical - HCB
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Uncertainty analysis: average ~ 13,000 chemicals
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Uncertainty analysis: average ~ 13,000 chemicals
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Publicly available screening-level exposure model 

input data sources, e.g., QSARs

Actual emission rate
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• Multimedia mass balance exposure models can screen and prioritize 
chemicals and provide hypotheses for testing (model evaluation)

• Combining exposure models and uncertainty analysis provides defensible 
guidance to address data gaps and develop knowledge infrastructure 

• Chemical property (input) parameters, but can include other parameters, 
e.g., environmental properties, human contact rates

• Results based on “what we think we know”, conceptual models, exposure 
model assumptions, input parameter uncertainty assumptions

• Need “near-field exposures” for humans for truly “holistic” exposure

• Reliable reaction half-life data and QSARs needed!!!

• Accurate emission rate data also needed for exposure assessment

• Integrated emissions, monitoring and modelling programs for further 
model evaluations and refinements, e.g., Cefic-LRI ECO.13

Summary



Thank you for your attention!

jon.arnot@utoronto.ca
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