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Human Health Risk Assessment: 
Unpacking the “Black Box”

Office of Solid Waste and Emergency Response
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Brief overview of how risk assessment is done 
within the Superfund Remedial program, 
including:

Human Health Risk Assessment: 
Unpacking the “Black Box”
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• Origins of risk assessment within Superfund

• Key elements of risk assessment

• Superfund risk assessment framework

• Risk management on Superfund sites

• Risk and health analysis within the Superfund Program

ORIGINS OF RISK 
ASSESSMENT WITHIN 
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SUPERFUND

Origins of Risk Assessment within Superfund:

Class Activity

How would you define risk assessment?
( )
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(music)
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Engineering/
Structural

Origins of Risk Assessment within Superfund:

“Risk Assessment” is Contextual

Financial/

Ecological
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Financial/
Business

Security:
Vulnerability 
and Threat 

Human
Health

Risk assessment:

Qualitative and quantitative evaluation 
of the risk posed to human health 

Origins of Risk Assessment within Superfund:

EPA Defines Risk Assessment
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p
and/or the environment by the actual 
or potential presence and/or use of 
specific pollutants 

From EPA’s “Terms of Environment” Glossary

Why is risk assessment important?
“Risk is a common metric that lets us distinguish the 
environmental heart attacks and broken bones from 
indigestion or bruises.” 

Origins of Risk Assessment within Superfund:

EPA Defines Risk Assessment
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EPA Administrator William K. Reilly
Aiming Before We Shoot: The Quiet 
Revolution in Environmental Policy
Address to the National Press Club
September 26, 1990
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• 1970:  EPA established

• 1975:  First EPA chemical assessment (vinyl chloride)

• National Research Council (NRC) publications on risk assessment
 1983: Managing the Process – the “Red Book”

 1989:  Improving Risk Communication

Origins of Risk Assessment within Superfund:

Brief History at EPA
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 1994: Science and Judgment – the “Blue Book”

 1996: Understanding Risk

 2007: Toxicity Testing in the 21st Century

 2008: Phthalates and Cumulative Risk Assessment

 2009: Science and Decisions – the “Silver Book”

Origins of Risk Assessment within Superfund:

NAS Risk Analysis Paradigm

Risk Assessment Risk Management

Hazard 
Identification

Political
Considerations
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Dose/Response
Assessment

Exposure
Assessment

Risk 
Characterization

Social
Considerations

Economic
Factors

Statutory/Legal
Considerations

Problem/
Context

RisksEvaluation

Origins of Risk Assessment within Superfund:

Framework for Risk Management

Risk Assessment for CICs

Source: “Framework for 
Environmental Health
Risk Management,” 1997 

Options

Decisions

Actions

Engage 
Stakeholders

Engage 
Stakeholders
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Origins of Risk Assessment 
Within Superfund

• Risk assessment is a piece of a larger 
concept that includes risk management

Take Away Points:
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• Risk assessment includes various 
elements

• Risk assessment is an iterative process

SUPERFUND 
HUMAN HEALTH 
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RISK ASSESSMENT 
(Process & Terminology)

Superfund Human Health Risk Assessment:

Framework

Planning & 

Toxicity

Assessment
(Hazard ID & 

Dose 
Response)
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http://www.epa.gov/oswer/riskassessment/risk_superfund.htm

Risk

Characterization

g
Scoping 

(Data Collection 
and Evaluation)

Exposure 
Assessment

Superfund Human Health Risk Assessment:

Planning & Scoping

Planning & 
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http://www.epa.gov/oswer/riskassessment/risk_superfund.htm

g
Scoping 

(Data Collection 
and Evaluation)

Planning & Scoping looks at the “big 
picture” of data collection and information 
needed for the risk assessment on the 
Superfund site.

Superfund Human Health Risk Assessment:

Planning & Scoping
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• What contaminants are present at 
the site?  What concentration?

• Where are they?

Addresses the questions:

• Information gathering
• History of site, including community input

• Land use – current and future

• Data Collection (Sampling and analysis plan)
• Soil air water sampling

Superfund Human Health Risk Assessment:

Planning & Scoping
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Soil, air, water sampling

• Activity-based sampling

• Commercial or public properties (e.g., schools)

• Attics, yards, etc.,

• Data Evaluation
• Chemicals of potential concern

• Relevant toxicity values
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Superfund Human Health Risk Assessment:

Exposure Assessment
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Exposure 
Assessment

Superfund Human Health Risk Assessment:

Exposure Assessment

Pathways, Route, Media & Source
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Gases, Vapor

Airborne Particles 
(including soil)

Pathways, Route, & Media 

Superfund Human Health Risk Assessment:

Exposure Assessment
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Soil

Water 

Food

Soil
Water

Identifying the pathways by which toxicants 
may reach individuals, estimating how much 
of a chemical an individual is likely to be 
exposed to and estimating the number

Superfund Human Health Risk Assessment:

Exposure Assessment

Exposure Assessment
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exposed to, and estimating the number 
likely to be exposed

(EPA’s Terms of Environment)

• Who is exposed?  How?

• How much of the contaminants are they 
exposed to?

Addresses the questions:

Exposure Duration
• Acute (24 hours)
• Short-term (30 days)
• Sub-chronic (7 years)
• Chronic (70 years; “lifetime”)

Superfund Human Health Risk Assessment:

Exposure Assessment

Risk Assessment for CICs

Potentially Exposed Population 
(“Receptors”)

( y )

• Nearby residents
• Workers
• Emergency responders or victims 
• Pregnant women
• Children or the elderly
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• Unique exposure pathways vs standard 
assumptions

• Current and future land use

Site-Specific Exposure Pathways

Superfund Human Health Risk Assessment:

Exposure Assessment
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Reasonable Maximum Exposure (RME)
• “High end” exposure values on sensitive 

parameters

• Protective of vulnerable groups in the 
community
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Simplified Exposure/Intake Equation
(oral and dermal)

Superfund Human Health Risk Assessment:

Exposure Assessment

Chronic Concentration  x  Contact rate  x  Exposure Duration
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Daily Intake =

Body Weight  x  Averaging Time

Student Exercise: Intake Dose (Non-cancer)

Superfund Human Health Risk Assessment:

Exposure Assessment

What would be the daily intake for an adult 
ingesting water contaminated with “badmium” 
(at a level of 0.070 mg/L) for 30 years? 
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• Adult water ingestion rate = 2 liters of water / day
• Average body weight = 70 kg

What is the Chronic Daily Intake (CDI)?

CDI   =  (C) * (CR) * (ED)

(BW) * (AT)

Superfund Human Health Risk Assessment:

Exposure Assessment

Student Exercise: Chronic Daily Intake 
(Non-cancer)
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C   =  0.070 mg of “badmium”/ L of water

CR = 2 L of water/day 

ED =  30 years

BW =  70 kg

AT = 30 years (i.e., exposure duration)

CDI   =  (0.070 mg /L) * (2 L/day) * (30 years)

(70 kg) * 30 years

Student Exercise: Chronic Daily Intake 
(Non-cancer)

Superfund Human Health Risk Assessment:

Exposure Assessment
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ANSWER

CDI   =  (0.070 mg/L) * [(2 L/day) * 30 years]

(70 kg) * 30 years

CDI   =  (0.070 mg) * (2/day)
70 kg

CDI  =  0.14 mg/day =    0.002 mg/kg-day    
70 kg

Student Exercise: Intake Dose (Cancer)

Superfund Human Health Risk Assessment:

Exposure Assessment

What would be the daily intake for an adult 
ingesting water contaminated with “badmium” 
(at a level of 0.070 mg/L) for 30 years? 
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• Adult water ingestion rate = 2 liters of water / day
• Average body weight = 70 kg

What is the Chronic Daily Intake (CDI)?

CDI   =  (C) * (CR) * (ED)

(BW) * (AT)

Superfund Human Health Risk Assessment:

Exposure Assessment

Student Exercise: Chronic Daily Intake 
(Cancer)
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C   =  0.070 mg of “badmium” / L of water

CR = 2 L of water/day 

ED =  30 years

BW =  70 kg

AT =  70 years (i.e., cancer averaging time)
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Student Exercise: Chronic Daily Intake 
(Cancer)

Superfund Human Health Risk Assessment:

Exposure Assessment

CDI (0 070 /L) * (2 L/d ) * (30 )

CDI   =  (0.070 mg/L) * (2 L/day) * (30 years)
(70 kg) * 70 years
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ANSWER

CDI   =  (0.070 mg/L) * (2 L/day) * (30 years)
(70 kg) * 70 years

CDI   =  (0.070 mg) * (2/day) * 30
70 kg * 70

CDI  =  4.2 mg/day =  0.0008 mg/kg-day
4900 kg

Superfund Human Health Risk Assessment:

Toxicity Assessment

Toxicity

Assessment
(Hazard ID & 

Dose 
Response)
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http://www.epa.gov/oswer/riskassessment/risk_superfund.htm

Toxicity assessment 

is the investigation of how toxic a 
contaminant may be to human health  
(this includes hazard identification and dose-

Superfund Human Health Risk Assessment:

Toxicity Assessment
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Addresses the questions:
• What kind of harm are you dealing with?

• What illness/health effect may occur?

• How much exposure causes harm?

(
response relationship)

Hazard identification 

is the process of determining whether a 
chemical can cause adverse health effects 
and what those effects might be

Superfund Human Health Risk Assessment:

Toxicity Assessment
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(EPA’s Terms of the Environment)

Process of qualitatively evaluating the toxicity 
information & characterizing the relationship 
between the dose of the contaminant administered 
& incidence of adverse health effects in the

Dose-Response Relationship

Superfund Human Health Risk Assessment:

Toxicity Assessment
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& incidence of adverse health effects in the 
exposed population. 

(EPA’s Risk Assessment Guidance for Superfund)

Two Categories of Toxic Effects
• Non-Cancer toxic effects are believed to act 

via a “threshold”

• Cancer toxic effects are believed to act via a 
“non-threshold”

Toxicity Values 
Summary metrics for the dose-response 
relationship between the level of contaminant 
and the health effect

Superfund Human Health Risk Assessment:

Toxicity Assessment
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• On some Superfund sites, toxicity values have 
been determined
 Integrated Risk Information System (IRIS) values

 Provisional Peer-Reviewed Toxicity Values (PPRTVs)

• However, sometimes Superfund sites do not 
have toxicity values
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TIER 2 (PPRTVs)

TIER 1 (IRIS)
Toxicity Values: Hierarchy of data

Superfund Human Health Risk Assessment:

Toxicity Assessment

Risk Assessment for CICs

CONFIDENCE IN THE DATA

TIER 3 (Other Values)

36

0.8

1

Dose-Response Relationship (Non-Cancer):

Superfund Human Health Risk Assessment:

Toxicity Assessment
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0
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Dose-Response Relationship (Non-Cancer):

Superfund Human Health Risk Assessment:

Toxicity Assessment

THRESHOLD
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Dose (mg/kg-day)

NOAELNOAEL

LOAEL

Toxicity Values (Non-Cancer):

Superfund Human Health Risk Assessment:

Toxicity Assessment

• Are at or below which adverse health effects 
are not expected to occur

• Derived from NOAEL or LOAEL
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• Reference Concentration (RfC) | mg/m3

• Reference Dose (RfD) | mg/kg-day

Typical Reference Dose (Non-Cancer):

• Calculated with uncertainty factors

Dose-Response Relationship (Cancer):

10-4

10-2

(1 per 100)
SLOPE =

Y
XSLOPE = =

RISK
DOSE

Superfund Human Health Risk Assessment:

Toxicity Assessment
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(Mg/kg-day)
0%

10-6

10-4

DOSE

 DOSE (X)

 RISK 
(Y)(Y)





Toxicity Values (Cancer):

Superfund Human Health Risk Assessment:

Toxicity Assessment

• Are derived from the slope of the dose-response 
curve

• Use a 70-year time interval to represent a lifetime
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• The slope of the straight line is used to estimate 
cancer risk at exposure levels along the line

• Extrapolation from the point of departure for the 
observed data 

• Units: (mg/kg-day) -1

Slope-Factor (Cancer):
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Superfund Human Health Risk Assessment:

Risk Characterization
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http://www.epa.gov/oswer/riskassessment/risk_superfund.htm

Risk

Characterization

Superfund Human Health Risk Assessment:

Risk Characterization

Risk Characterization: 
The last phase of the risk assessment process 
that estimates the potential for adverse health 
or ecological effects to occur from exposure to a 
stressor and evaluates the uncertainty involved
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Addresses the questions:
• Which contaminants are causing the health 

risk?

• Which exposure pathways are creating the risk?

stressor and evaluates the uncertainty involved.  
(EPA’s Terms of Environment)

Superfund Human Health Risk Assessment:

Risk Characterization

Risk Characterization 

Integrates the data from the 
previous three steps, evaluates 
the uncertainty in the data, and 
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summarizes the overall health 
risk in a number or estimate.  

• Different equations are used for 
cancer vs non-cancer toxic effects 

• Uncertainty is accounted for in 
equations 

Planning &
Scoping

Toxicity
Assessment

Exposure
Assessment

Typical Superfund Uncertainty:

• Explores uncertainties in the risk estimates

• Minimize underestimating the potential risk.  

Uncertainty Analysis

Superfund Human Health Risk Assessment:

Risk Characterization
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• Environmental sampling

• Laboratory analysis of sampling data

• Dose-response toxicity assessment

• Exposure assessment

Typical Superfund Uncertainty:

Superfund Human Health Risk Assessment:

Risk Characterization

Hazard Quotient (Non-Cancer)
The ratio of estimated site-specific exposure to 
a single chemical over a specified period of time 
(i.e., daily intake) to the estimated exposure 
level at which no adverse health effects are likely

46Risk Assessment for CICs

level at which no adverse health effects are likely 
to occur (i.e., reference dose)

HQ = Daily Intake
Reference Dose (RfD)

Superfund Human Health Risk Assessment:

Risk Characterization

Student Exercise: Risk Characterization 
(Non-Cancer)

The town of Kemical has detected “badmium” in its 
water supply at a level of 0.070 mg/liter.  An 
investigation found the water supply could have 
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What is the Hazard Quotient (HQ)?

been contaminated for the past 30 years.  

• The RfD of “badmium” is 0.005 mg/kg-day

Note: Use the daily intake calculated previously at 0.002 mg/kg-day
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Superfund Human Health Risk Assessment:

Risk Characterization

HQ = 0 002 mg/kg day

Student Exercise: Risk Characterization 
(Non-Cancer)

HQ  = Chronic Daily Intake
Reference Dose (RfD)
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ANSWER

HQ  = 0.002 mg/kg-day 
0.005 mg/kg-day

HQ  = 0.002 mg/kg-day
0.005 mg/kg-day

HQ  = 0.002 =    0.40
0.005 

Superfund Human Health Risk Assessment:

Risk Characterization

Hazard Index (Non-Cancer)
The sum of more than one hazard quotient for 
multiple substances and/or multiple exposure 
pathways
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HI   =   HQ + HQ + HQ + HQ

Superfund Human Health Risk Assessment:

Risk Characterization

Student Exercise: Risk Characterization 
(Cancer)

The risk assessors for the town of Kemical have 
determined additional Hazard Quotients (HQ) for 
two additional chemicals in the water supply.  
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What is the Hazard Index (HI)?

• The HQ for “toxikbru” is 0.50
• The HQ for “trichlorotox” is 0.52

HI   =   HQ + HQ

HI   =   0.40 + 0.50 + 0.52 =   1.42

Superfund Human Health Risk Assessment:

Risk Characterization

Target Risk Range (Cancer):
• Superfund Remedial Program has a “target 

cancer risk range” of 10-4 to 10-6

• This range is considered to be “protective”
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Higher RiskLow Risk

1 in a 1,000,000 
excess cancers 10-6

1 in a 10,000 
excess cancers 10-4

Target Risk Range

Superfund Human Health Risk Assessment:

Risk Characterization

Student Exercise: Risk Characterization 
(Cancer)

The town of Kemical has detected “badmium” in its 
water supply at a level of 0.65 mg/liter.  An 
investigation found the water supply could have 
b t i t d f th t 30 Th

52Risk Assessment for CICs

been contaminated for the past 30 years.  The 
slope factor of “badmium” is 0.12 (mg/kg-day) -1.  

Cancer Risk = Chronic Daily Intake x Slope Factor

What is the cancer risk?

Note: Use the CDI for cancer calculated previously at 0.0008 mg/kg-day

Superfund Human Health Risk Assessment:

Risk Characterization

Student Exercise: Risk Characterization 
(Cancer)

Cancer Risk = [ 0.0008 mg/kg-day] x [0.3 (mg/kg-day) -1

C Ri k [0 0008 /k d ] [0 3 ( /k d ) 1]

Risk Assessment for CICs

ANSWER

Cancer Risk = [0.0008 mg/kg-day] x [0.3 (mg/kg-day) -1]

Cancer Risk = 0.0008 x 0.3

Cancer Risk = 0.00024 => 2.4 x 10-4
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Superfund Human Health 
Risk Assessment

Superfund health risk assessment is comprised of:
 Planning & Scoping entails collecting and reviewing data about 
the nature and extent of contamination at the site

Take Away Points:
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the nature and extent of contamination at the site

 Toxicity Assessment determines the toxicity or potency of site 
contaminants (i.e., how much of a contaminant causes harm)

 Exposure Assessment describes how people can come into 
contact with site contaminants and estimates current and 
future exposure to chemicals of concern

Risk Characterization determine the likelihood of harm to the 
population from site contaminants, by using the data collected 
in the first three steps

RISK MANAGEMENT
ON SUPERFUND SITES
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Risk Management on Superfund Sites:

NAS Risk Analysis Paradigm

Risk Assessment Risk Management

Hazard 
Identification

Political
Considerations
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Dose/Response
Assessment

Exposure
Assessment

Risk 
Characterization

Social
Considerations

Economic
Factors

Statutory/Legal
Considerations

• Cleanup future exposures to 
uncontrolled hazardous waste

• Site-specific, future oriented 
risk assessment & risk 

t

Risk Management on Superfund Sites:

Risk Assessment & Management

Risk Assessment for CICs

management
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Risk Management on Superfund Sites:

Risk Management

• Overall protection of human health and the 
environment

• Compliance with ARARs

• Long-term effectiveness and permanence

Nine Criteria for Remedy Selection
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Long term effectiveness and permanence

• Reduction of toxicity, mobility, or volume 
through treatment

• Short-term effectiveness

• Implementability

• Cost effectiveness

• State acceptance

• Community acceptance



Risk assessment for CICs 11

Risk Management on Superfund Sites:

Risk Management

• Overall protection of human health and the 
environment

• Compliance with ARARs

• Long-term effectiveness and permanence

Nine Criteria for Remedy Selection

Threshold 
Criteria
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Long term effectiveness and permanence

• Reduction of toxicity, mobility, or volume 
through treatment

• Short-term effectiveness

• Implementability

• Cost effectiveness

• State acceptance

• Community acceptance

Balancing 
Criteria

Modifying 
Criteria

Risk Management on 
Superfund Sites

• Risk management is the process where 
decisions are made on how best to protect 
h h l h d h i

Take Away Points:
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human health and the environment

• Risk management decisions are based on the 
risk assessment and other factors

• Superfund remedy selection is based on nine 
cleanup criteria (two threshold criteria; five balancing 

criteria; and two modifying criteria)

RISK AND HEALTH ANALYSIS 
IN SUPERFUND  PROCESS
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Risk & Health Analysis in Superfund Process
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Baseline Risk Assessment

Toxicity

Assessment
(Hazard ID & 

Dose 

Risk & Health Analysis in Superfund Process

Risk Assessment for CICs 64

Risk

Characterization

Planning & 
Scoping 

(Data Collection 
and Evaluation)

Exposure 
Assessment

Response)
Baseline 

Risk & Health Analysis in Superfund Process

Risk Assessment for CICs

risk 
assessment

65
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• Overall protection of human health and the 
environment

• Compliance with ARARs

• Long-term effectiveness and permanence

Nine Criteria for Remedy Selection

Threshold 
Criteria

Risk & Health Analysis in Superfund Process
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Long term effectiveness and permanence

• Reduction of toxicity, mobility, or volume 
through treatment

• Short-term effectiveness

• Implementability

• Cost effectiveness

• State acceptance

• Community acceptance

Balancing 
Criteria

Modifying 
Criteria

Site-specific 

Risk & Health Analysis in Superfund Process

Risk Assessment for CICs

risk 
management

67

Risk & Health Analysis in 
Superfund Process

• The baseline risk assessment occurs during the 
Remedial Investigation and Feasibility Study

Take Away Points:
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• Other types of assessments occur

• Regional Screening Levels (RSLs) can be used at 
two separate times: 
–Preliminary Assessment and Site Investigation (PA/SI) 

–Remedial Investigation and Feasibility Study (RI/FS)

Human Health Risk Assessment:
Unpacking the “Black Box”

• Risk assessment is a piece of a larger concept, 
which includes research and risk management

• Risk assessment for Superfund sites are site‐

Take Away Points:
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Risk assessment for Superfund sites are site
specific for current and future exposure

• Risk assessment for Superfund includes:
– Planning & Scoping
– Toxicity Assessment (hazard identification and dose‐response)
– Exposure assessment
– Risk characterization

• Risk assessment is an iterative process


