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Outline 

• Framing the Problem: 
Need to Adopt/Adapt Existing Risk Assessments for Use in Socio-
Economic Analyses 

• Identifying the Gaps: 
• Risk assessment information needed for socio-economic analyses 

• Information contained in “typical” chemical risk assessments 

• Bridging the Gaps: 
Challenges, Opportunities, and Recommendations 
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Risk-Based Decision-Making: 
Developing “Fit for Purpose” Risk Assessments 
Supporting Socio-Economic Analyses 

Risk Management 

Risk Assessment 
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Scoping 
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Design of  
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Adapted from NAS (2009) 

Identify need 
for socio-
economic 
analysis 

Design risk 
assessment 
that fulfills 

needs 

Conduct 
socio-

economic 
analysis 

Made risk 
management 

decisions 
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Conceptual Human/Ecological Risk Model 
Develop conceptual model linking action/source 
(rectangle) to direct (ovals) and indirect (circles) effects 
on human health and/or ecosystems 

Conceptual Economic Benefits Model 
Identify likely economic benefit endpoints (squares) in 
different categories (underlined). 

Market products 
 
 

Recreation 
 
 Ecosystem functions 

 
 

Non-Use Values 
 
 

Human mortality 
 
 

Human morbidity 
 
 

Aesthetic improvements 
 
 

Reduced materials damages 
 
 

Link Human/Ecological Risks and Economic Benefit Endpoints 
(dashed lines) 

 
 
 
 
 
 
 

Identify Priority Human/Ecological and Economic Endpoints 
(red shapes) 

Coordination 

Plan “Fit-for-purpose”  
Human/Ecological Risk Assessments 

Plan Economic Benefits Assessment 

Conduct Economic Benefits Assessment   
Conduct “Fit-for-purpose” 

Human/Ecological Risk Assessments 

Coordination 
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Realities of expanding application of socio-
economic analyses 
• Most existing (and ongoing) chemical risk assessments are not 

designed to support socio-economic analyses. 

 

• In most cases, there will not be the time or resources to iteratively 
“redo” chemical risk assessments to support socio-economic 
analyses. 

 

• Economists need approaches to “adopt/adapt” existing risk 
assessments. 
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Outline 

• Framing the Problem: 
Need to Adopt/Adapt Existing Risk Assessments for Use in Socio-
Economic Analyses 

• Identifying the Gaps: 
• Risk assessment information needed for socio-economic analyses 

• Information contained in “typical” chemical risk assessments 

• Bridging the Gaps: 
Challenges, Opportunities, and Recommendations 
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Key needs for supporting typical socio-
economic analyses 
• Exposure assessment 

• Expected or central tendency values 
• Impact of risk management 

alternatives 

• Hazard identification 
• Conclusion regarding causality  
• Economically-meaning endpoints 
• Non-overlapping endpoints 

 

 

 

• Dose-response assessment 
• Functional relationship with exposure 

and time 
• Effects expressed as incidence or 

severity 
• Expected or central tendency values 

• Risk Characterization 
• Change in incidence and severity of 

each endpoint under each alternative 
(including baseline), as a function of 
time 

• Expected or central tendency values 
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Comparison of human health risk assessments 

U.S. National Ambient Air Quality 
Standards for Lead 

Purpose: Selecting among alternative 
air pollution standards for lead. 
 

• Baseline standard of 1.5 μg/m3 

• Proposed standards of 0.1, 0.15, 0.2, 
0.3, 0.4, or 0.5 μg/m3 

 

 

Used directly in socio-economic 
benefit-cost analysis. 

EU Risk Assessment Report for 
Hexabromocyclododecane (HBCD) 

Purpose: Determining whether 
measures to address risks of exposure 
to HBCD are needed. 

• Need for further information or 
testing 

• Need for risk reduction measures to 
limit risks 

 

 

Potential for use in socio-economic 
benefit-cost analysis? 
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Exposure Assessment 

U.S. National Ambient Air Quality 
Standards for Lead 

Blood lead levels in population of 
concern: 

• Estimated annual mean air lead 
concentrations under different 
standards 

• Estimated mean blood lead levels in 
children age<7 under different 
standards 

 

Expected or central tendency values 

Impact of risk management 
alternatives 

EU Risk Assessment Report for 
Hexabromocyclododecane (HBCD) 

Aggregate, multi-source, multi-
pathway exposure estimates: 

• Separate estimates for occupational 
workers and general public  

• Estimated both “reasonable worst 
case” and “typical” exposure 
estimates 

 

Expected or central tendency values 

~ Impact of risk management 
alternatives 

Suitable for supporting socio-economic analyses? 
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Exposure Assessment 

Exposure Data 
• Sources of exposure 
• Target populations  
• Monitoring data 
• Exposure models 

Predicted exposures 
• Predicted Human Dose 
• Predicted Environmental 

Concentration (PEC) 

Key needs for supporting 
typical socio-economic analyses 

• Exposure Assessment 
• Expected or central tendency values 

 
 

 
• Impact of risk management 

alternatives 

Many include both “reasonable worst 
case” and “typical” exposure estimates. 

Many include enough information to re-
estimate exposure under risk 
management alternatives. 

HBCD Commercial 
and Residential Uses

Wastewater Treatment Plant

Surface Water
• Streams
• Lakes
• Estuaries
• Marine

Sediment

Biosolids for Land 
Application

Soil

Sludge

Effluent

Soil
• Soil Invertebrates
• Plants

Aquatic
• Fish
• Invertebrates
• Plants

EXPOSURES TARGET POPULATIONS

Consumer
Products

Inhalation

Dermal

Accidental ingestion

Ingestion of food, 
drinking water, breast 
milk

Manufacturing

Commercial 
End Users

General 
population
• Infants/children
• Adults, including 
pregnant women

Workers
• Adults, including 
pregnant women

Sediment 
• Benthic 
invertebrates

SOURCES

Concentration Intake rate
Exposure
Duration

Exposure
FrequencyBody 

weight
Averaging 

time

Predicted

Human

Dose
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Hazard Identification 

U.S. National Ambient Air Quality 
Standards for Lead 

Health endpoints associated with lead 
exposure: 

• “The overall weight of the available evidence 
provides clear substantiation of 
neurocognitive decrements being associated 
in young children with blood-Pb…” 

 

 

 
Conclusion regarding causality  

Economically-meaning endpoints 

Non-overlapping endpoints 

EU Risk Assessment Report for 
Hexabromocyclododecane (HBCD) 

Toxicological effects of HBCD exposure: 

• “…proposed to base the NOAEL for repeated 
dose toxicity on … liver weight increase. 
Enzyme induction is a likely cause to the liver 
weight increase, and enzyme induction is 
clearly relevant also to humans.” 

• Effects on thyroid and pituitary – confidence 
in causality less clear. 

 

 

~ Conclusion regarding causality  

~ Economically-meaning endpoints 

~ Non-overlapping endpoints 

Suitable for supporting socio-economic analyses? 
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•Hazard identification 
• Conclusion regarding causality  

 
 
• Economically-meaning endpoints 

 
 

• Non-overlapping endpoints 

Hazard Identification  
 

Hazard Data 
• Experimental studies 
• Observational studies 
• Data evaluation and 

synthesis 

Critical Effects 
• Endpoints 
• Conclusions or 

categorization as to 
confidence in evidence Conclusions regarding causality are not 

always clearly stated. 

Many endpoints not directly economically 
meaningful. 

Limited to discussing endpoints that are 
“secondary” to other endpoints. 

Source Hazard identification categories 

U.S. Environmental Protection 
Agency [Cancer] (U.S. EPA 2005a) 

 Carcinogenic to Humans 

 Likely to be Carcinogenic to Humans 

 Suggestive Evidence of Carcinogenic Potential 

 Inadequate Information to Assess Carcinogenic 
Potential 

 Not Likely to be Carcinogenic to Humans 

World Health Organization 
International Agency for Research 
on Cancer (WHO/IARC 2006) 

 Carcinogenic to humans 

 Probably carcinogenic to humans 

 Possibly carcinogenic to humans 

 Not classifiable as to its carcinogenicity to humans 

 Probably not carcinogenic to humans 

Navigation Guide (Woodruff and 
Sutton 2011) 

 Known to be toxic 

 Probably toxic 

 Possibly toxic 

 Not classifiable 

 Probably not toxic 

U.S. Environmental Protection 
Agency [National Ambient Air 
Quality Standards] (U.S. EPA 2015) 

 Causal relationship 

 Likely to be a causal relationship 

 Suggestive of, but not sufficient to infer, a causal 
relationship 

 Inadequate to infer the presence or absence of a causal 
relationship 

 Not likely to be a causal relationship. 

National Toxicology Program 
(Rooney et al. 2016) 

 Known to be a hazard to humans 

 Presumed to be a hazard to humans 

 Suspected to be a hazard to humans 

 Not classifiable as a hazard to humans 

 Not identified to be a hazard to humans. 

 

Key needs for supporting 
typical socio-economic analyses 
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Dose-response Assessment 

U.S. National Ambient Air Quality 
Standards for Lead 

• Mean IQ loss in children under 7 as a function 
of blood lead 
 

 

 

 

 

Functional relationship with exposure and 
time 

Effects expressed as incidence or severity 

Expected or central tendency values 

EU Risk Assessment Report for 
Hexabromocyclododecane (HBCD) 

• NOAEL (BMDL) =  
22.9 mg/kg-d for  
5% increased liver  
weight 

• Uncertainty factors  
to define “minimal  
Margin of Safety” 
 

 

~ Functional relationship with exposure and 
time 

Effects expressed as incidence or severity 

~ Expected or central tendency values 
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Suitable for supporting socio-economic analyses? 
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• Dose-Response 
• Functional relationship with exposure and 

time 

 

 

• Effects expressed as incidence or severity 

 

 

• Expected or central tendency values 

Only routinely estimated for cancer (linear 
relationship). 

Only for cancer or when BMD modeling is 
conducted. 

Central tendency values available from BMD 
modeling, but lacking for Uncertainty Factors. 

Dose-Response Assessment 
 

Dose Response Data 
• Experimental studies 
• Observational studies 
• Data analysis 

Point of Departure (POD) 
• No (or lowest) observed 

adverse effect level  (NOAEL 
or LOAEL) 

• Benchmark Dose Lower 
Confidence Limit (BMDL) 

• Human equivalent dose or 
concentration (HED or HEC) 

• No observed effect 
concentration (NOEC) 

Uncertainty Factors (UF) or 
Assessment Factors (AF) 

• “Minimal” Margin of 
Exposure (Safety) (MOE(S)) 
= Total UF 

• Reference Dose (RfD) or 
Derived No Effect Level  
(DNEL)  
= POD/Total UF or AF 

• Predicted No Effect 
Concentration (PNEC)  
= NOEC/Total AF 

Linear Extrapolation for 
Cancer 

• Slope Factor or Unit Risk 
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Cancer 
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RfD 

Key needs for supporting 
typical socio-economic analyses 
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Risk Characterization 

U.S. National Ambient Air Quality 
Standards for Lead 

• Total IQ points in population gained under 
alternative standards: 

• 0.5 μg/m3: 230,000 

• 0.4 μg/m3: 230,000 

• 0.3 μg/m3: 270,000 

• 0.2 μg/m3: 360,000 

• 0.15 μg/m3: 400,000 

• 0.1 μg/m3: 510,000 

 
 

Change in incidence and severity of each 
endpoint under each alternative (including 
baseline), as a function of time 

Expected or central tendency values 

EU Risk Assessment Report for 
Hexabromocyclododecane (HBCD) 

• Is ratio between NOAEL (BMDL) and Exposure 
larger than the minimal MOS? 

• Yes: “There is at present no need for further 
information and/or testing and for risk reduction 
measures beyond those which are being applied 
already.” 

• No: “There is a need for limiting the risks; risk 
reduction measures that are already being applied 
shall be taken into account.” 

 

× Change in incidence and severity of each 
endpoint under each alternative (including 
baseline), as a function of time 

× Expected or central tendency values 

 

 

Suitable for supporting socio-economic analyses? 
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Risk Characterization 

Margin of Exposure (Safety) 
[Human] 

MOE(S) = POD/Predicted Human Dose 

• “Acceptable” risk if MOE(S) ≥ “minimal” 
MOE(S) 

• “Unacceptable" risk if MOE(S) < “minimal” 
MOE(S) 

Risk Quotient 
[Ecological] 

Risk Quotient = PEC/PNEC 

• “Acceptable” risk if PEC/PNEC ≤ 1 
• “Unacceptable" risk if PEC/PNEC > 1 

Hazard Quotient (HQ) or Risk 
Characterization Quotient (RCR) 

[Human] 

HQ or RCR = Predicted Human Dose/RfD 

• “Acceptable” risk if HQ or RCR ≤ 1 
• “Unacceptable" risk if HQ or RCR > 1 

Excess Risk for Cancer 
[Human] 

Excess Risk = Predicted Human Dose × 
Slope Factor or Unit Risk 

• “Acceptable” risk if ≤ Benchmark risk (e.g., 
10-6, 10-5, or 10-4) 

• “Unacceptable" risk > Benchmark risk 

Key needs for supporting typical 
socio-economic analyses 

•Risk Characterization 
• Change in incidence and severity of each 

endpoint under each alternative (including 
baseline), as a function of time 
 

 
 
• Expected or central tendency values 

Only routinely available for cancer (linear 
relationships with dose and time). 

Not generally available due to lack thereof in 
dose-response assessment. 18 



Human epidemiology 

Evidence of causal 
relationship? 

Quantitative exposure-
response relationship 

Compare with expected 
exposures under 
different risk 
management scenarios 

Input into policy 
analyses (including 
socio-economic 
analyses)  

Experimental animal 
toxicology 

Animal-to-human 
extrapolation (qualitative 
and quantitative) 

“Safe” or “Protective” 
exposure level 

Compare with 
conservative exposure 
estimates 

Input into policy 
analyses (not including 
socio-economic 
analyses)  

Risk Assessments Supporting 
Socio-economic Analyses 

Most Existing Risk 
Assessments 

How do we 
bridge the 

gap? 

How do we 
bridge the 

gap? 

How do we 
bridge the 

gap? 

How do we 
bridge the 

gap? 

How do we 
bridge the 

gap? 
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Outline 

• Framing the Problem: 
Need to Adopt/Adapt Existing Risk Assessments for Use in Socio-
Economic Analyses 

• Identifying the Gaps: 
• Risk assessment information needed for socio-economic analyses 

• Information contained in “typical” chemical risk assessments 

• Bridging the Gaps: 
Challenges, Opportunities, and Recommendations 
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Feasibility of Adopting/Adapting Existing 
Exposure Assessments 
• Central tendency values: FEASIBLE 

• Already exist for many risk assessments 

• Can derive using standard references for “central tendency” exposure 
parameters 

• Additional refinement: characterizing and distinguishing between uncertainty 
and variability 

• Impact of risk management alternatives: FEASIBLE  
• Will always need to tailor the exposure assessment to the risk management 

alternatives being considered 

• Extensive experience already exists in the community 
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Feasibility of Adopting/Adapting Existing 
Hazard Identifications 
• Conclusion regarding causality: FEASIBLE (see next slide) 

• Facilitated by trend towards adopting formal causal frameworks like those used at 
U.S. EPA, WHO/IARC, U.S. NTP. 

• Can assign probability (or range of probabilities) of causation, depending on the risk 
assessment conclusions (Trasande et al. 2015). 

• Economically-meaning endpoints: FEASIBLE SOMETIMES 
• Facilitated by trend towards endpoint-by-endpoint causal determinations 
• Often challenged by uncertainty in animal-to-human concordance 
• Short term, focus on endpoints with unambiguous human counterpart 
• Medium-/longer-term, develop economic valuations for “sub-clinical” and more 

“ambiguous” endpoints. 

• Non-overlapping endpoints: FEASIBLE SOMETIMES 
• Facilitated by trend towards using more mechanistic / Adverse Outcome Pathway 

data 
• Short term, not likely issue given limited economically meaningful endpoints. 
• Medium-/longer-term, develop quantitative models of endpoint relationships. 22 



Trasande et al. (2015) 

NTP (2015) 

Sufficient Limited Inadequate

EVIDENCE IN EXPERIMENTAL ANIMALS

Group 1 (carcinogenic to humans)

E
V

ID
E

N
C

E
 I

N
 H

U
M

A
N

S

Group 2A

(probably carcinogenic)

Group 3 (not classifiable)

Group 2B (possibly carcinogenic)

(exceptionally, Group 2A)

Group 2B

(possibly carcinogenic)

Sufficient

Limited

IARC (2006) 

Convergence of causal frameworks …  
and probabilistic hazard identification? 

NAS (2014) 

Convergence of causal frameworks …  
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Feasibility of Adopting/Adapting Existing 
Dose-Response Assessments 
• Functional relationship with exposure and time:   

• Effects expressed as incidence or severity: 

• Expected or central tendency values: 
 

• Replacing LOAEL/NOAEL/BMDL with a function describing the dose-response data 
o Facilitated by trend towards using benchmark dose modeling (which requires a quantal or 

continuous endpoint) rather than LOAEL/NOAEL. 
o In short term, can extract the underlying model fits or re-analyze the data to fit a model curve 
o In longer term, can incorporate additional sources of uncertainty, such as model uncertainty 

• Prediction of extrapolated human population dose-response function 
o Already done for cancer endpoints, assuming linearity. 
o For non-cancer effects, enabled by probabilistic approach to replace fixed uncertainty factors 

(recent Harmonized Guidance by WHO/IPCS includes probabilistic “default” distributions for 
immediate implementation). 

o In short term, will need to re-analyze data to derive predicted dose-response function, using 
default distributions. 

o In medium-/longer term, can utilize chemical-specific data and eventually quantitative biomarker-
based models. 

FEASIBLE AND 
INTER-RELATED 
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 Dose 
(Log Scale) 
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Different percentile human individuals 

NOAEL 

LOAEL 

Inter-species 

Control 

Intra-
species 

Combine 
individuals & 
propagate 
uncertainties 

Population dose-response function  
(with confidence interval) 

BMD 
model fit 

RfD UFA UFH 

Economically-
meaningful endpoints 
from hazard 
identification step 

• Probabilistic approach 
recommended by multiple 
authorities (NAS 2009, 
2014; WHO 2014). 

• NAS (2009) specifically 
mentions economic 
benefit-cost analysis as a 
rationale for the approach. 

Using probabilistic approaches to bridge the gap from  
traditional toxicology to benefits analysis. 

Quantified based on 
historical data across 
chemicals or chemical-
specific data/models 
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Molecular Cellular Tissue Organism
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ion channel
Action potential 
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QT interval 
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Increased likelihood
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Increased 
likelihood of 
myocardial 
infarction

Increased 
likelihood of 

death
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5-year 
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Mortality
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IVIVE Calibration with 
published human 
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response data QTc
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Predicted 
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response for 

QTc

Dose-response of 
apical endpoints for 

broader risk 
assessment 
applicationsQTc and 

mortality 
models (clinical/ 

epidemiologic 
data)

Population 
PK/PD 

modeling

In the future: using biomarkers to bridge the gap from  
“high throughput” toxicology to “high throughput” benefits analysis? 

CLmetab

QGFR

Gut Blood
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Liver Blood

Liver Tissue

Body Blood

Rest of Body

Qliver

Qgut

Qgut + Qliver

kgutabsGut Tissue
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CV 

Mortality

Human iPSC-derived
cardiomyocyte OCM
in 384-well format

IVIVE Calibration with 
published human 

concentration-
response data QTc

data

Predicted 
population 

dose-
response for 

QTc

Dose-response of 
apical endpoints for 

broader risk 
assessment 
applicationsQTc and 

mortality 
models (clinical/ 

epidemiologic 
data)

Population 
PK/PD 

modeling

26 



Human epidemiology 

Evidence of causal 
relationship? 

Quantitative exposure-
response relationship 

Compare with expected 
exposures under 
different risk 
management scenarios 

Input into policy 
analyses (including 
socio-economic 
analyses)  

Experimental animal 
toxicology 

Animal-to-human 
extrapolation (qualitative 
and quantitative) 

“Safe” or “Protective” 
exposure level 

Compare with 
conservative exposure 
estimates 

Input into policy 
analyses (not including 
socio-economic 
analyses)  

Risk Assessments Supporting 
Socio-economic Analyses 

Most Existing Risk 
Assessments 

Integrate human, animal, 
and mechanistic data: 

• Formal causal 
determinations by 
endpoint 

• Quantitative 
extrapolations 

Benchmark dose, 
probabilistic, and 

biomarker-based analyses 

Include central tendency 
exposures, uncertainty and 

variability 

Support socio-economic 
analyses 
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Conclusions and Recommendations 

• Existing “typical” risk assessments leave a number of critical gaps if they 
need to be “repurposed” for use in socio-economic analyses. 
 

• Many current, recommended risk assessment methodologies facilitate 
better translation for socio-economic analyses. 
• Methods have not yet become “common” risk assessment practice. 
• “Bridging analyses” will be necessary in the short- and medium-term. 
• Need for multidisciplinary collaboration. 

 
• Case studies demonstrating “bridging analyses” may provide valuable 

experience and facilitate uptake. 
 

• Further progress possible with economic valuations of “subclinical” 
endpoints and “ambiguous” risks. 
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