




 Interpret environmental data

 Estimate potential health risks,

 Provide a scientific rationale for regulatory decisions
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RESEARCH RISK ASSESSMENT RISK MANAGEMENT

Laboratory and field 
observations of 
adverse health effects 
and exposures to 
particular agents

Information on 
extrapolation 
methods for high to 
low dose and animal 
to human

Field measurements, 
estimated exposures, 
characterization of 
populations

HAZARD  
IDENTIFICATION

(does the agent cause 
an adverse effect?)

EXPOSURE 
ASSESSMENT

(what exposures are 
currently experienced 
or anticipated under 
different conditions?)
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Development of 
regulatory options

Evaluation of public 
health, economic, 
social, political 
consequences of 
regulatory optionsDOSE-RESPONSE

RELATIONSHIP
(what is the relationship
between dose and 
incidence in humans?)

Agency decisions 
and actions 







 “Allowable daily intake” (ADI) for non-carcinogenic 
chemicals

 Carcinogenic chemicals banned or regulated according 
to technical/economic feasibility
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Many post-WWII chemicals were found to be high-
dose animal carcinogens

 Improved analytical methods enabled detection of 
lower and lower quantities in environmental media, 
including biological tissue

 Analogy to radiation: low-dose linear, non-threshold 
(LNT) model extended to chemical carcinogenesis
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Crump, K.C. (2003). Quantitative risk assessment since the Red Book: Where 
have we come and where should we be going? Hum Ecol Risk Assess 9:1105-1112.
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 Reference Dose/Tolerable Daily Intake (mg/kg-day)

 Reference/Tolerable Concentration (µg/m3)



Non-Threshold
• Slope factor (mg/kg-day)-1

• Inhalation unit risk (μg/m3)-1

 Threshold for non-genotoxic chemicals (not 
historically in U.S.)
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Health 
Endpoint Toxicity Criterion Definition

Non-
Cancer

Reference dose (RfD) (mg/kg-
day)
Reference concentration (RfC) 
(µg/m3)

An estimate of an exposure, designated 
by duration and route, to the human 
population (including sensitive 
subgroups) that is likely to be without 
an appreciable risk of adverse health 
effects over a lifetime

Cancer Slope factor ([mg/kg-day]-1)
Unit risk [µg/m3]-1or [µg/L]-1)

A plausible upper-bound estimate (95% 
upper confidence limit) of the 
probability of an individual developing 
cancer per unit intake of a potential 
carcinogen
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Risk characterization

HQ = Average Daily Dose/RfD

Calculate Reference Dose (RfD)

RfD = NOAEL, LOAEL, or BMD/(UF1 x…UF5 x MF)

Select uncertainty/variability factors

Interspecies Intraspecies Effect to no-
adverse-effect

Subchronic to 
chronic 
duration

Database Modifying 
factor

Identify NOAEL, LOAEL, or BMD
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Risk characterization

Risk = Lifetime Average Daily Dose x Slope Factor

Calculate Slope Factor using LMS model

95% UCL on low-dose slope

Animal to human dose conversion

Surface area scaling PBPK modeling
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NO SAFE DOSE “The true value of risk is unknown, and 
may be as low as zero” (USEPA 1986)
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Crump, K.C. (2003). Quantitative risk assessment since the Red Book: Where have 
we come and where should we be going? Hum Ecol Risk Assess 9:1105-1112.
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2005 – Guidelines for Carcinogen Risk Assessment

2003 – Guidelines for Carcinogen Risk Assessment (Draft 
Final) 

1999 – Guidelines for Carcinogen Risk Assessment (Review 
Draft)

1996 – Proposed Guidelines for Carcinogen Risk Assessment

1986 – Guidelines for Carcinogen Risk Assessment





 “…[A] sequence of key events and processes, starting with 
interaction of an agent with a cell, proceeding through 
operational and anatomical changes, and resulting in cancer 
formation”
 Human relevance of animal tumor responses
 Human variability
 Shape of dose-response curve
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Risk characterization

Risk = lifetime average daily dose x Slope factor

Calculate slope factor using LMS model

95% UCL on low-dose slope

Animal to human dose conversion

Surface area scaling PBPK modeling

Evaluate MOA

Non-linear (Derive RfD) Linear
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Acetaldehyde
Acrylonitrile

Arsenic, Inorganic
Benzene

Beryllium and compounds
Butadiene, 1,3-

Carbon Tetrachloride
Chlordane

Chloroform
Chloromethane

Chromium VI (chromic acid mists)
Chromium VI (particulates)

Cobalt
Dibromo-3-chloropropane, 1,2-

Dibromoethane, 1,2-
Dichlorobenzene, 1,4-

Dichloroethane, 1,2-
Dichloroethylene, 1,2-
Dichloropropane, 1,2-
Dichloropropene, 1,3-

Epichlorohydrin
Ethylbenzene

Formaldehyde
Hydrazine

Methyl tert-Butyl Ether (MTBE)
Methylene Chloride

Naphthalene
Nitromethane

Nitropropane, 2-
Propylene Oxide

Tetrachloroethylene
Vanadium Pentoxide

Vinyl Bromide
Vinyl Chloride

Fold Difference Between Non-Cancer and Cancer Risk-Based Screening Levels (Inhalation)
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PubMed Search Results for "Hormesis"



Maximum hormetic response
(averages 130-160% of control)

Distance to NOAEL
(averages 5-fold)

Hormetic Zone
(averages 10- to 20-fold)

NOAEL

Control

Increasing Dose 4/29/2009 23

Adapted from Calabrese, E. (2009) Hormesis: What it Means for Toxicology, the Environment, and Public Health 
(PowerPoint presentation)
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2007
National Research Council

Committee on Toxicity Testing and Assessment of Environmental 
Agents

Board on Environmental Studies and Toxicology
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2008
National Research Council

Committee on Improving Risk Analysis Approaches Used by EPA
Board on Environmental Studies and Toxicology





noncancer end 
points can occur without a threshold or low-
dose nonlinearity 
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 a linear, no-
threshold approach

data…for both cancer and noncancer outcomes


given information on human 
biologic processes such as reversibility and repair

* State of the Science Workshop Report: Issues and Approaches in Low Dose-
Response Extrapolation for Environmental Health Risk Assessment. Environ Health 
Perspect 117:283-287. 4/29/2009 31
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Slide from 1/14/09 SOT RASS telecon to discuss conclusions of “State of the Science Workshop: 
Low Dose-Response Extrapolation for Environmental Health Risk Assessment”
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Conceptual 
Model 1

• Individual: 
threshold

• Population: 
linear

• Background: 
additive

Conceptual 
Model 2

• Individual: 
threshold

• Population: 
threshold

• Background: 
independent

Conceptual 
Model 3

• Individual: 
linear

• Population: 
linear

• Background: 
irrelevant (?)
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