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Overview of Human Health  
Risk Assessment 

Goals and Objectives 
• Review risk assessment process  
• Discuss components of risk assessment  
• Review types of data used in risk assessment 
• Discuss benefits and limitations 

of risk assessment process 
The views expressed in this presentation are those of the author and 
do not necessarily reflect the views or policies of the U.S. EPA. 
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EPA Definition of Risk 
Assessment 

Risk assessment: 
 
Qualitative and quantitative evaluation of the risk 
posed to human health and/or the environment by 
the actual or potential presence and/or use of 
specific pollutants  
 

From EPA’s “Terms of Environment” Glossary 
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Terminology 

Dose  
mg/kg-day 

Milligram substance per kilogram  
body weight per day. 

 

Concentration 
mg/L, mg/kg, or mg/m3 

Milligram substance per liter water,  
kilogram soil or food,  

or cubic meter air. 

Reference Value 
An estimate of an exposure for a given duration to the human 

population (including susceptible subgroups) that is likely to be 
without an appreciable risk of adverse health effects over a lifetime 

U.S. EPA IRIS Glossary 
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Exposure Contexts 
 
•  Emergency Response 

 
 
 

• Occupational 
 
 
 

• Ambient or General Public 
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Example: EPA’s Provisional 
Advisory Levels 

Example: CDC-NIOSH 
Recommended Exposure Limits 

Example: CDC-ATSDR Minimal Risk Levels 
& EPA-IRIS Reference Dose/Concentrations 



Example: IRIS Values Used in  
Generation of Fish Advisories 

• IRIS includes an RfD for 
methylmercury  

• RfD combined with exposure factors 
and contaminant concentrations 

• Result is general advice about fish 
consumption and location-specific 
advisories 
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Confidence in the Data:  
A Tiered Approach 

CONFIDENCE IN THE DATA 

TIER 2 (PPRTVs) 

         

       

TIER 3 (Other Values) 

TIER 1 (IRIS) 

Hierarchy used by Superfund and RCRA Hazardous Waste Programs 
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Planning and Scoping  

Identify the Problem 
• What causal agents should be considered? 
• Who is affected? 
• Where does the problem exist? 
• What are risk management needs? 
• What are stakeholder needs? 
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Hazard Identification 
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Hazard Identification 

Gather Data 

Identify 
Toxicity 

Identify  
Adverse 
Effects 

Identify 
Uncertainties 
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Gather Data 

 What are the chemicals? 
 Which human populations might be affected? 
 What toxicity data are available? 
 Human Data 

• Epidemiology studies 
• Controlled human exposure studies 

 Animal Bioassay Data 
 Other Data 

• In Vitro Data 
• Structure-activity relationships 
• Metabolic data 
• Genomics 

 

Gather Data 
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Identify Toxicity 

 Effects – What effects are observed from the 
data collected? 

 Toxicokinetics – What does the body do to the 
chemical?   

 Toxicodynamics – What does the chemical do 
to the body?   

 Mode of action – How does the chemical act to 
produce an effect? 

 Causality Framework – A way to organize and 
evaluate toxicity information to assess causality 
given those data.  

 Weight of evidence – How likely is this 
chemical to cause non-cancer effects or cancer 
and under what conditions? 

How toxic is the chemical? 
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Identify Types of Effects 

Adverse effect:  A biochemical change, functional impairment, or 
pathologic lesion that affects the performance of the whole 
organism, or reduces an organism's ability to respond to an 
additional environmental challenge (U.S. EPA IRIS Glossary). 
 What are the affected organs or tissue systems? 
 What is the severity of effects? 
 Who is more sensitive or  

susceptible? 
 What factors affect 

susceptibility? 

What are the adverse effects? 



Identify Uncertainties 

Uncertainty occurs because of a lack of knowledge. It is not the 
same as variability. 
• Uncertainty can often be reduced by collecting more and 

better data. 
• Variability is an inherent property of the population being 

evaluated. 
(Adapted from U.S. EPA IRIS Glossary) 
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Identify Uncertainties 

Examples: 
 Using animal data 
 Variability within the human population 
 Extrapolating the study duration 
 Strength of database 
 Quality of data 

 

What introduces uncertainties? 
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Dose-Response Assessment  
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Dose Response Terminology 

Dose-Response Assessment: A determination of the relationship 
between the magnitude of an administered, applied, or internal dose 
and a specific biological response (from U.S. EPA IRIS Glossary) 

18 

References: ATSDR, 2013 Toxicological Profile for Uranium. 
Domingo JL, et al., 1989. The developmental toxicity of uranium in mice. Toxicology 55:143-152. 
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Dose-Response Terminology 

LOAEL 
Lowest-Observed-Adverse-Effect Level. 

Lowest dose at which significant 
adverse effects are observed. 

NOAEL 
No-Observed-Adverse-Effect Level. 
Highest dose at which no significant 

adverse effects are observed. 

BMD 
Benchmark Dose. An exposure to a low 
dose of a substance that is linked with a 

low (1-10%) risk of adverse health 
effects, or the dose associated with a 

specific biological effect. 

BMDL 
A lower, one-sided confidence limit on 

the BMD.  

Critical effect 
The first adverse effect or its known precursor that occurs to the most 

sensitive species as the dose rate of an agent increases. 

Point of Departure 
The dose-response point that marks the beginning of a low dose 

extrapolation. 
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Dose-Response Assessment: 
Non-Cancer 

Evaluate Data 
Animal or human 

Exposure route 

Exposure duration 

Age 

Gender 

Confounders 

Species and strain 

Characterize Dose-Response 
Relationship 

 

Identify a NOAEL or LOAEL 
Conduct dose-response modeling 

 and BMD Modeling 

Identify critical effect(s) and 
level(s) 

Identify point of departure 

Uncertainty 
Factors  

Identify Sources of 
Uncertainty and Apply 
Uncertainty Factors 

Calculate 
Reference Value 

RfD 

RfC 



Identification of LOAEL & 
NOAELs from animal studies 

• Study design: groups of 20 pregnant Swiss mice exposed to uranyl 
acetate dihydrate via gavage at 0, 5, 10, 25 or 50 mg/kg-day from 
gestation days (GDs) 6 - 15.  Animals sampled on GD18. 

• Fetal effects evaluated: skeletal effects (e.g. reduced ossification of 
hindlimb metatarsal bone) 
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Reference: Domingo JL, et al., 1989. The developmental toxicity of uranium 
in mice. Toxicology 55:143-152. 

* * 
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Common Points of Departure 

Dose or Concentration 

%
 R

es
po

ns
e 

POD 

BMDL/BMCL:  Statistical lower 
confidence limit on the BMD/BMC 
(Used as the POD in this case) 

BMD/BMC:  Dose or concentration that 
produces a predetermined change in response 
rate of an adverse effect 

NOAEL:  Highest exposure level at which there 
are no biologically significant increases in the 
frequency or severity of adverse effects 

LOAEL:  Lowest exposure level at which there 
are biologically significant increases in 
frequency or severity of adverse effects 

BMR: 
Predetermined  
change in response 
rate used to  
determine the 
BMD/BMC 

0 

0 

http://www.epa.gov/ncea/bmds/ 
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Uncertainty Factors 

Uncertainty factor (UF):  A default factor 
used in operationally deriving a reference 
value from experimental data intended to 
account for variation and uncertainty in the 
data. 
E.g. extrapolation from different species, duration of 
the study, one dose to another, human variability, or 
incomplete database. 

BMR 

BMD BMDL 

NOAEL 

LOAEL 

POD 
Dose or Concentration 

%
 R

es
po

ns
e 

Uncertainty 
Factors 

RfD/RfC 

0 
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Deriving Noncancer Human Health 
Effect Reference Values 

A General Approach 
 

Reference Value = Dose (POD) ÷ Uncertainty 
 
 

The IRIS Approach 
 

RfD/RfC = PODHED/HEC ÷ UF 
Where: 
 RfD/RfC = Reference dose or reference concentration 
 PODHED/HEC = Point of departure converted to a human equivalent dose or concentration 
 UF = “Composite” or “Total” uncertainty factor 

 



Example: Deriving Noncancer 
Reference Values 

BMD modeling results for dev. tox. 
data reported in Domingo et al., 1989 

Acute MRL for oral exposure to 
soluble Uranium 
Uncertainty factors (UFs) used in 
MRL derivation: 
 10 – extrapolation from animals to 

humans 
 10 – human variability 
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Reference Value (MRL) = POD ÷ UF 
MRL = 0.2 mg/kg-day ÷100 
MRL = 0.002 mg/kg-day 

 
 

References: ARSDR, 2013 Toxicological Profile for Uranium. Domingo JL, et al., 1989. Toxicology 55:143-152. 

BMDL = 0.2 mg/kg-d 
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Dose-Response Assessment: 
Cancer 

Evaluate Data 
Animal or human 

Exposure route 

Exposure duration 

Age 

Gender 

Confounders 

Species and strain 

Characterize Dose-Response 
Relationship 

 

Identify a NOAEL or LOAEL (for 
nonlinear) or an LED10 (for linear) 

Conduct dose-response modeling 
 and BMD Modeling 

 

Identify critical effect(s) and 
level(s) 

Identify point of departure 

Calculate Risk 
Values 

IUR 

OSF 



Cancer Dose-response Assessment 
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Default Approach: Low-dose 
linear dose-response 
relationship 

 
• Probability of effect 

dependent on lifetime 
average daily dose  

• Any exposure increases risk 
• Effects in animals will also 

occur in humans 

Low-dose linear extrapolation 
(Slope  = Cancer Potency)  

BMR 

BMD/BMC BMDL/BMCL 

POD Dose or Concentration 

%
 R

es
po

ns
e 

0 

0 

http://www.epa.gov/ncea/bmds/ 
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Exposure Assessment 
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Exposure is contact made between an agent and a target 

What is Exposure?  

Exposure Assessment The process of estimating or 
measuring the magnitude, frequency, and duration of 
exposure to an agent, along with the number and 
characteristics of the population exposed.  
(U.S. EPA Exposure Factors Handbook) 
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Exposure Assessment 

Who is exposed? 
• Characteristics of the 

population? 
• Size of the 

population? 

How are they exposed? 
• Route? 
• Magnitude? 
• Frequency? 
• Duration? 

Quantify Exposure 
Descriptive: 
• Point of contact 

measurement 
Predictive: 
• Dose reconstruction 
• Scenario evaluation 



Exposure Pathways, Route, 
Media & Source 
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Quantify Exposure 

Point of 
Contact 

Measurement 
Reconstruction of 

Dose 

Scenario 
Evaluation 
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Quantify Exposure 

Point of Contact Measurement 
(Field Measurements) 

 
• Measure chemical 

concentrations over time 
 

• At or near point of contact for 
exposure in question 
 

• Various sampling methods 

Examples of point of contact measurements: 
Personal air sampler, Radiation dosimeter 
that an individual wears 
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Quantify Exposure 

Reconstruction of Dose 
(Clinical Measurements) 

• Attempt to quantify internal 
dose based on physiological 
data 
 

• Using measurements from 
the body, tissues 

 
• Biomarkers of exposure, 

metabolites – involves 
extrapolation. Predictive 
estimate. 

E.g. Cotinine is a metabolite of nicotine that 
can be used as a biomarker of exposure to 
tobacco products or environmental tobacco 
smoke. 
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Quantify Exposure 
Scenario Evaluation 
(Predictive Estimate) 

• Measure or estimate the amount of 
substance contacted at site 

 
• Use equations and assumptions 

about behavior and exposure rates 
 
• Mathematical estimation of 

exposure; predictive estimate 

References that can be consulted for exposure factors: 
• EPA’s Exposure Factors Handbook. 
• EPA’s Superfund Risk Assessment Guidance. 
• http://www.epa.gov/risk/expobox/  

http://www.epa.gov/risk/expobox/
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Exposure Assessment Equation – 
Concentration 

Inhalation exposure concentration: 

References that can be consulted for exposure factors: 
• EPA’s Exposure Factors Handbook. 
• EPA’s Superfund Risk Assessment Guidance. 
• http://www.epa.gov/risk/expobox/  

http://www.epa.gov/risk/expobox/
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Exposure Assessment Equation – 
Mass 

Potential dose via the oral route: 

Absorbed dose for dermal exposure: 

References that can be consulted for exposure factors: 
• EPA’s Exposure Factors Handbook. 
• EPA’s Superfund Risk Assessment Guidance. 
• http://www.epa.gov/risk/expobox/  

http://www.epa.gov/risk/expobox/
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Risk Characterization 
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Risk Characterization 

Risk characterization is the integration of information on hazard, 
exposure, and dose-response to provide an estimate of the likelihood 
that any of the identified adverse effects will occur in exposed people.  
(IRIS Glossary Definition) 

 
• Compares toxicity information to the exposure profiles developed for 

people we think might be exposed. 
• Estimates likelihood that adverse effects will occur in people who 

are exposed. 
• Includes assumptions and uncertainties associated with all steps in 

the risk assessment process. 
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Risk Characterization: 
Outcome 

  
Noncancer Hazard Quotient (HQ):  Ratio of estimated exposure to 
reference level at which no adverse health effects are expected. 

 

Noncancer Hazard Index (HI): The sum of hazard quotients (HQs) for 
substances that affect the same target organ or organ system.  

 

Cancer Risk:  Incremental probability of developing cancer for an 
individual exposed to a given chemical over a lifetime. 

(Historically, cancer risks ranging from 1×10-4 to 1×10-6 are considered 
acceptable by EPA.) 
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Risk Characterization: 
Quantitative Results 

  

Cancer 
LADD: lifetime average daily dose 

Noncancer Effects 
ADD: average daily dose 

RfD: reference dose 



Risk Characterization: 
Quantitative Results 
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• Rather than same mode-of-action (MOA), similarity is determined 
at the level of target organ 

• For the HI approach, risks to humans are estimated under the 
implicit assumption that components are toxic in the same target 
(organ or system) 

HI = HQ1 +HQ2 + HQ3 

Hazard Index (based 
on dose-addition): 



Additional Resources 
• EPA Benchmark Dose Software 

http://www.epa.gov/ncea/bmds/  

• EPA-Expo-Box (A Toolbox for Exposure Assessors) 
http://www.epa.gov/risk_assessment/expobox/ 

• EPA Risk Assessment Guidelines: 
http://www.epa.gov/riskassessment/guidance.htm  

• “Superfund Risk Assessment and How You Can Help”  
(http://www.clu-in.org/search/t.focus/id/948/) Created by EPA – 
Office of Solid Waste and Emergency Response 
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http://www.epa.gov/ncea/bmds/
http://www.epa.gov/risk_assessment/expobox/
http://www.epa.gov/riskassessment/guidance.htm
http://www.clu-in.org/search/t.focus/id/948/


IRIS Bimonthly Public Meeting  
• IRIS bimonthly public science meetings allow the public the 

opportunity to provide input and participate in discussions about 
problem formulation, preliminary assessment materials, and draft 
IRIS assessments. 

• The objective of this public meeting is to obtain input from the 
scientific community and the public on studies and data that will be 
used in the assessments that are under development.  
 Announcements of public meetings are posted on the EPA/IRIS 

web page http://www.epa.gov/iris/index.html  
 Mailing list for Public Meeting Announcements: 

https://public.govdelivery.com/accounts/USAEPA/subscriber/ne
w?topic_id=USAEPA_517  
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http://www.epa.gov/iris/index.html
https://public.govdelivery.com/accounts/USAEPA/subscriber/new?topic_id=USAEPA_517
https://public.govdelivery.com/accounts/USAEPA/subscriber/new?topic_id=USAEPA_517
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Contact Information 

Xabier Arzuaga, Ph.D. 
arzuaga.xabier@epa.gov 

703-347-8634 

mailto:arzuaga.xabier@epa.gov


Cumulative Hazard Index 
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