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Risk Assessment 
Training & 

Experience
Disclaimer:
The views expressed are those of the speakers and do not necessarily 
represent the views or policies of the U.S. Environmental Protection Agency.

•RISK ASSESSMENT TRAINING AND EXPERIENCE

• Exposure Assessment Course Series

General Concepts in Exposure Assessment 
(EXA 401 & EXA 402 Combined)
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Learning Objectives

By the end of this course, you will be able to:
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•How exposure assessment relates to human health risk assessment 
•Relationship between exposure and dose
•Different routes of exposure and how to calculate exposure for each
• Important elements of exposure assessment
• Important considerations when developing an exposure assessment
•Different methods for quantifying exposure and dose

By the end of this module, you will understand:

Presenter Notes
Presentation Notes
OCSPP also performs exposure assessments for ecological receptors
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• U.S. EPA (U.S. Environmental Protection Agency). (2019). Guidelines for Human Exposure Assessment. (EPA/100/B-
19/001). Washington, D.C.: Risk Assessment Forum.

 Chapter 1: Introduction

 Chapter 2: Principles of Exposure Science and Exposure Assessment

 Chapter 3: Planning and Scoping and Problem Formulation for Exposure Assessments

 Chapter 4: Consideration of Lifestages, Vulnerable Groups, and Populations of Concern in Exposure Assessments

 Chapter 5: Data for Exposure Assessments

 Chapter 6: Computational Modeling for Exposure Assessments

 Chapter 7: Planning and Implementing an Observational Human Exposure Measurement Study 

 Chapter 8: Uncertainty and Variability for Exposure Assessments

 Chapter 9: Developing a Communication Plan and Presenting Results for Exposure Assessments
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EPA’s Guidelines for Human 
Exposure Assessment

https://www.epa.gov/risk/guidelines-human-exposure-assessment
https://www.epa.gov/risk/guidelines-human-exposure-assessment
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Risk Assessment 
Training & 

Experience

Risk Assessment 
Training & 

Experience

General Concepts in Exposure Assessment (EXA 401 and EXA 402 Combined)

INTRODUCTION AND BACKGROUND CONCEPTS
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The Overall Risk Assessment Process 

Communications: Internal and External Stakeholder Input

Planning and 
Scoping and 

Problem 
Formulation

Risk 
Management

Decision Making
• Policy
• Risk Reduction 

Actions

Economic, Regulatory, Political, Social, and Other Factors

Risk 
Characterization

Hazard 
Identification

Dose Response 
Assessment

Exposure 
Assessment

Risk Assessment

Adapted from NRC (2009)

Feasibility 
Considerations

Presenter Notes
Presentation Notes
Need Notes
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Feasibility Considerations
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Planning and 
Scoping

• Exposure Assessment 
Goals and Scope

• Overarching 
Considerations

• Stakeholder Involvement
• EPA’s Tribal Program and 

Networks
• Peer Review

Problem 
Formulation

• Individuals, 
Lifestages, Groups, 
Populations

• Conceptual Model

Exposure 
Assessment 

Analysis Plan

• Data Sources, Gaps, 
Limitations and 
Quality Objectives

• Exposure Scenarios

• Science
• Cost
• Time

• Assessment 
constraints

• Sampling 
capabilities

Feasibility

Presenter Notes
Presentation Notes
Preparing to Evaluate Exposure
The scope and parameters of an exposure assessment are dictated by the questions we want to answer regarding exposure. This makes problem formulation a critical first step in the process. 
We need to articulate our questions at the outset of an exposure assessment – during the problem formulation stage – because they help structure the design of the analysis and allow risk assessors, risk managers, and stakeholders to make sure they are all on the same page regarding the goals, depth, and focus of the exposure assessment.  Articulating the exposure assessment questions helps us to develop a conceptual model for the assessment.
Specifying the scope of the assessment helps us to further refine the conceptual model.  In just a minute, we will talk more about defining the scope of the assessment.
After formulating our exposure assessment questions and defining the scope of the assessment, we can decide on our preliminary approach for the assessment.  
As we go through the problem formulation and planning and scoping phase of our assessment, it is also important to consider cost, assessment constraints, sampling capabilities, and other details to further refine our scope and approaches, which are shown on the left side of the figure.
We can combine the results of this phase into a conceptual model to help us visualize how the inputs, quantitative approaches, and our assumptions will help us answer our exposure assessment questions.
Source: (U.S. EPA, 2007)  



Center for Public Health and 
Environmental Assessment
Center for Public Health and 
Environmental Assessment General Concepts in Exposure Assessment (EXA 401 and EXA 402 Combined)

Elements of Exposure
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• Pollutant source: Where are the pollutants coming from, at what rate, and where are 
they going? 

• Exposure pathways: Connection between pollutant source and exposure including 
exposure media and route of exposure. 

• Contaminants of concern: Specific contaminants of concern for human health 
associated with the exposure pathway

• Receptor: The individual or population that is exposed 

Pollutant 
Source

Exposure 
Pathway Receptor

Human 
drinking

Contaminated 
water supply

Leaking 
storage tank
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Source-to-Effect Continuum
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•Exposure science characterizes and predicts the intersection of an agent and 
receptor in both space and time. It provides information to develop exposure 
assessments and the most effective strategies to reduce human health risk 
through mitigating exposure

•The processes important for exposure science begin with a contaminant 
entering the environment and end with dose characterization

9

What is Exposure Science?

Presenter Notes
Presentation Notes
Note: Exposure assessments are also relevant to environmental risk related to ecological receptors.
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What is Exposure? 

10

• Exposure can be described in terms of

 Magnitude

 Route (e.g., ingestion, inhalation, dermal)

 Frequency

 Duration 

 Timing (e.g., lifestage considerations)

Exposure is contact between an agent and the external boundary of a receptor 
(exposed surface) for a specific duration 

(WHO 2004; Zartarian et al. 2005). 
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Demographics: Who Are the Receptors?

11

• Potentially susceptible populations

 Children and the elderly

 Women of child-bearing age

 People with compromised immune 
systems

• Highly exposed populations

 Individuals who eat fish or 
produce that is contaminated 
by the stressor

 People who are occupationally 
exposed

 Certain product uses

Human Receptor: Any biological 
entity (e.g., a human, human 
population, lifestage within a human 
population) that receives an 
exposure.

EPA’s Guidelines for Human 
Exposure Assessment, 2019

Ecological or Wildlife Receptor:  
The ecological entity exposed to the 
stressor. May refer to tissues, 
organisms, populations, 
communities, and ecosystems.

EPA’s Guidelines for Ecological 
Risk Assessment, 1998

Susceptibility: An increased likelihood of an adverse effect, often 
discussed in terms of relationship to a factor that can be used to describe 
a human population (e.g., lifestage, demographic feature, or genetic 
characteristic) 

EPA’s Supplemental Guidance for Assessing Susceptibility 
from Early-Life Exposure to Carcinogens, 2005

Examples:

Presenter Notes
Presentation Notes
Demographics: Who Are the Receptors?  
To refine the scope of our assessment based on demographics, we can specify which receptors are included in our assessment.  A receptor is the individual or “group actually or potentially exposed” (U.S. EPA, 2003).  We might define the population by location such as a watershed or a city or by other demographic characteristics such as cultural practices or age.  We need to consider what makes some populations more susceptible to exposure than others.  
Susceptibility is defined as “an increased likelihood of an adverse effect, often discussed in terms of relationship to a factor that can be used to describe a human population (e.g., lifestage, demographic feature, or genetic characteristic).”
Some receptors may be more susceptible to specific stressors than others.  For human health exposure assessment, these could  include children, women of child-bearing age, the elderly, and people with compromised immune systems.  
Some individuals might be more highly exposed due to their dietary or activity patterns, such as individuals that eat fish or produce that is contaminated by the stressor. 
Other individuals might have “differential exposures;” that is, they have historical exposure to the chemical or the area they live in has higher background levels.  Differential exposure might also result from on-the-job or occupational exposure, or other activities that result in higher exposures.  Sometimes these populations are called “populations of concern” or “highly exposed populations.”
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What are Stressors?
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Stressor: Any chemical, physical, social or biological entity that induces a 
change (either positive, negative, or neutral) in health or well-being (either now 
or into the future).

EPA’s Guidelines for Human Exposure Assessment, 2019; Tulve et al., 2016

Multiple Stressors (combinations 
of stressors – both chemical and 
non-chemical)

Change in Health 
or Well-Being

Single Stressor
(chemical or non-chemical)

Socioeconomic 
Stressors

Physical 
Stressors

Biological 
Stressors

Radiological 
Stressors

Other Non-Chemical 
Stressors

Presenter Notes
Presentation Notes
Chemicals: What Are the Stressors?  
We can also further refine the scope of our assessment by focusing on specific stressors.  A stressor, as discussed in EPA’s Framework for Cumulative Risk Assessment, 2003 AND IN EPA’s GUIDELINES FOR HUMAN EXPOSURE ASSESSMENT, 2019 is “any chemical, physical or biological entity that induces an adverse response.” This course will focus on chemical stressors,  but we could also evaluate the effects or the added contributions of physical stressors, like noise, or socioeconomic stressors, access to health care, as well as other types of stressors.
Traditional risk assessment has used a single-chemical or stressor approach.  This approach has been used because we had neither the data required to add the risks from multiple stressors, nor the methodologies needed to consider the possible impacts from multiple exposures.  Scientists now have methods and models that allow us to assess multiple stressors.  For example, we can now evaluate cumulative and aggregate exposures, population-focused exposures, and risks from exposure to chemical mixtures [(U.S. EPA, 2003), pages 1-4].
A key guidance document is EPA’s (2003) Framework for Cumulative Risk Assessment.

Need to add notes on non-chemical stressors.
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Dose is the amount of an agent that enters a receptor after crossing 
an external exposure surface. 

Potential dose is the amount of agent ingested, inhaled, or applied to skin, not all of which will be absorbed.

Applied dose is the amount of agent at an absorption barrier (e.g., skin, respiratory tract, gut).

Absorbed/Internal dose is the amount of agent that enters a receptor by crossing an absorption barrier. 

Biologically effective dose is the amount of agent that reaches the target internal organ, tissue, or toxicity pathway.

13

What is Dose?

Presenter Notes
Presentation Notes
When the box animates in, emphasize “exposure assessment focuses mainly on potential and applied dose”
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The Relationship Between Exposure and Dose

• Dose profiles over time depend on:
o The factors affecting exposure mentioned previously

 Magnitude

 Route (e.g., oral, dermal, nasal)

 Frequency

 Duration 

 Timing (e.g., lifestage considerations)

o Kinetic Parameters (ADME)
 Absorption into the body

 Distribution throughout the body

 Metabolism by various tissues within the body

 Elimination from the body 

• Thus, the duration of the dose is always equal to or longer than the duration of exposure.
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Aggregate Exposure:
•Exposure to a single chemical from 
multiple sources and exposure 
pathways

Cumulative Exposure:
•Exposure to multiple chemicals from 
multiple exposure pathways

15

Aggregate and Cumulative Exposures

Presenter Notes
Presentation Notes
Aggregate and Cumulative Exposures  
Aggregate and cumulative exposures are two important concepts for exposure assessment.  
Both exposure types consider multiple exposures, but they vary by the types of exposure and the number of chemicals that they consider. 
Aggregate exposure considers exposure to the same compound from many different sources. 
This type of exposure assessment is used when there are multiple ways that a person can come into contact with a chemical. 
Cumulative exposure considers exposure to multiple compounds with similar mechanisms of action, through multiple exposure pathways. 
Aggregate and cumulative exposure assessments are the goal for exposure assessors, but in many instances there are not sufficient data to perform these types of assessments.




Center for Public Health and 
Environmental Assessment
Center for Public Health and 
Environmental Assessment General Concepts in Exposure Assessment (EXA 401 and EXA 402 Combined)

Risk Assessment 
Training & 

Experience

Risk Assessment 
Training & 

Experience

General Concepts in Exposure Assessment (EXA 401 and EXA 402 Combined)

EXPOSURE ROUTES:
INGESTION, INHALATION, DERMAL

16
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Exposure Routes
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Exposure = f (Concentration, Time, Behavior)

• Exposure occurs via ingestion, inhalation, and dermal routes. 

• Each route can lead to different intake and uptake rates, different doses, and different 
consequences. 

• A chemical can cross the boundary of the body in two ways: 
 Intake: where the chemical crosses an exposure surface without passing an absorption barrier 

(e.g., food into the mouth)

 Uptake: where the chemical crosses a biological barrier and results in an internal dose (e.g., 
absorption and transport through the stomach lining to the blood)
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Ingestion Route
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Exposure Potential dose Applied dose Internal dose

Effect
MetabolismChemical 

UptakeIntake

Biologically 
effective dose

G.I. Tract

Organ

Mouth

Metabolism

𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖 = 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖 × 𝐼𝐼𝐼𝐼

Ingestion Exposure Equation:

𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖 = ingestion exposure (mass per time)
𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖 = concentration of the chemical in food or other exposure media (mass of chemical per mass or volume of medium)
𝐼𝐼𝐼𝐼 = ingestion rate (mass of medium ingested during the exposure per time)
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Inhalation Route
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Metabolism

Exposure Potential dose Applied dose Internal dose

EffectMetabolismChemical 

UptakeIntake

Biologically 
effective dose

Lung

Organ

Mouth/Nose

𝐸𝐸𝑖𝑖𝑖𝑖𝑖 = 𝐶𝐶𝑎𝑎 × 𝐼𝐼𝐼𝐼

Inhalation Exposure Equation:

𝐸𝐸𝑖𝑖𝑖𝑖𝑖 = inhalation exposure (mass per time)
𝐶𝐶𝑎𝑎 = airborne concentration of the chemical contacted by the exposed individual (mass of chemical per volume of air in breathing zone)
𝐼𝐼𝐼𝐼 = inhalation rate (volume of air breathed per unit time)
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Dermal Route
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Exposure Potential
dose

Applied 
dose 

Metabolism

Skin

Organ

Uptake

EffectChemical

Internal 
dose

Biologically 
effective dose

𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑀𝑀𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 × 𝐶𝐶 × 𝑆𝑆𝑆𝑆

Dermal Exposure Equation:

𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = dermal exposure (mass per time)
𝑀𝑀𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = mass of medium contacting the skin per time (mass of medium per skin surface area per time)
𝐶𝐶 = average concentration in medium (mass of chemical per mass of medium)
𝑆𝑆𝑆𝑆 = skin surface area available for contact (area)
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Risk Assessment 
Training & 

Experience

Risk Assessment 
Training & 

Experience

General Concepts in Exposure Assessment (EXA 401 and EXA 402 Combined)

EXPOSURE ASSESSMENT: 
EXAMPLES OF EXPOSURE

21
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Example

Exposure Example 1: Ingestion
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•Eating produce without washing 
it first, leading to ingestion of 
pesticide residues
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Exposure Example 1: Ingestion
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Exposure 
Applied

dose 

Metabolism
Organ EffectChemical 

Internal dose

Biologically 
effective dose

Amount of pesticide 
residue that 
crosses the 

stomach barrier into 
the bloodstream

Amount of 
pesticide residue 

on produce

Amount of pesticide residue 
ingested

UptakeIntake

G.I. TractMouth

Potential 
dose 

Metabolism

Presenter Notes
Presentation Notes
Just ingestion 
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Example

Exposure Example 2: Inhalation
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• Using a gas stove to cook in a 
poorly-ventilated area, resulting in 
inhalation of NO2

Presenter Notes
Presentation Notes
Cookstove example PAH; NO2 from a gas stove
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Exposure Example 2: Inhalation
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Exposure 
Applied

dose 

Metabolism
Organ EffectChemical 

Internal dose

Biologically 
effective dose

Amount of NO2 that 
crosses the lung 
barrier into the 
bloodstream

Amount of NO2
in air

Amount of NO2 inhaled

UptakeIntake

LungMouth/nose

Potential 
dose 

Metabolism

Presenter Notes
Presentation Notes
Just ingestion 
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Example

Exposure Example 3: Dermal Exposure
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• Children playing at the playground where 
the soil is contaminated with lead, 
resulting in dermal exposure
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Exposure Example 3: Dermal Exposure
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Exposure Potential 
dose 

Applied
dose 

Metabolism
Organ

Uptake

EffectChemical 

Internal dose

Biologically 
effective dose

Amount of lead that 
crosses the skin 
barrier into the 
bloodstream

Amount of lead 
in the soil

Amount of lead that 
contacts skin

Sk
in
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Risk Assessment 
Training & 

Experience

Risk Assessment 
Training & 

Experience

General Concepts in Exposure Assessment (EXA 401 and EXA 402 Combined)

EXPOSURE CONSIDERATIONS
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•Exposure frequency and duration are important to consider 
when conducting exposure assessments 
• Acute: Exposure by the oral, dermal, or inhalation route for 24 hours or less

• Short-term: Repeated exposure by the oral, dermal, or inhalation route for more than 
24 hours, up to 30 days

• Longer-term (Sub-chronic): Repeated exposure by the oral, dermal, or inhalation 
route for more than 30 days, up to approximately 10% of the life span in humans

• Chronic: Repeated exposure by the oral, dermal, or inhalation route for more than 
approximately 10% of the life span in humans

29

Acute versus Chronic Exposure

Source: U.S. EPA. A Review of the Reference Dose and Reference Concentration Processes. 
Washington, DC,; Risk Assessment Forum. EPA/630/P-02/002F, 2002. 

Presenter Notes
Presentation Notes
*To be edited*

https://www.epa.gov/osa/review-reference-dose-and-reference-concentration-processes
https://www.epa.gov/osa/review-reference-dose-and-reference-concentration-processes
https://www.epa.gov/osa/review-reference-dose-and-reference-concentration-processes
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The Relationship Between Everyday 
Exposure and Exposure Estimates 

Presenter Notes
Presentation Notes
The Figure shows: 
An exposure pattern over a lifetime (Gold line) with occasional acute “spike” exposures;
The Lifetime Average Exposure (lower Red line) based on this exposure pattern; and 
An Exposure Limit or guideline value (upper Red line) based on a chronic average lifetime exposure.
Although the Lifetime Average Exposure is below the Exposure Limit, are there potential risks from high, short-term “excursions” to the long-term average exposure. 
Different lengths of exposure (acute to chronic) affects the potential for adverse outcome.
Mechanism causing a toxic response – accumulation of exposures and/or effects over a long-time vs. a short-term peak exposure event
Variability in individual biological resiliency
Higher exposures may also occur during specific lifestages. 
For example, children differ from adults in water consumption and breathing rates, and have different types of exposures (e.g., playing in the dirt). 
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•Exposure assessments are usually conducted for populations or groups
•Exposure factors account for variability in populations, and allow for 
assessment of the risks to those populations
 Ingestion rates

 Inhalation rates 

 Skin exposure factors

 Population behaviors

 Other factors relevant to scenario

 Body weight 

 Life expectancy
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Exposure Factors



Center for Public Health and 
Environmental Assessment
Center for Public Health and 
Environmental Assessment General Concepts in Exposure Assessment (EXA 401 and EXA 402 Combined)

Use of Statistical Descriptors to Describe 
Measurements

•Statistical descriptors are 
estimates of specific points on the 
distribution of measurements
 Based on selected parameter 

values
May be for individual or population 

estimates
 Help assessors communicate with 

risk managers and others
May be developed to support 

regulatory decisions
Typical percentiles of exposure

50% 90% 95% 98% 99% 99.9%

High-end estimates
Bounding 
estimate

Central tendency 
estimate

Presenter Notes
Presentation Notes
Use of Exposure Descriptors 
Exposure descriptors are estimates for a specific point on the exposure distribution. 
They are based on selected parameter values and can be defined for individual or population exposures.  Exposure descriptors are useful when characterizing exposure, and can help exposure assessors communicate with risk managers. 
We’ll talk about three exposure descriptors –bounding estimates, high-end estimates, and estimates of central tendency.
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Variability refers to heterogeneity or diversity

• Known

• Characterize by collecting more or better data

• Inherent property of a population & cannot be reduced or 
eliminated, only described

• Examples of sources of variability in exposure: 

 Location
 Occupation
 Activities within a location
 Socioeconomic status
 Consumer preferences
 Dietary habits

Uncertainty refers to a lack of knowledge 

• Unknown

• Reduce by collecting more or better data

• Compensate for uncertainty with approximations and 
assumptions

• Examples of uncertainty:

 Incomplete data

 Incomplete understanding of processes 

 Unknown information about the geographic extent of the 
population exposed

 Other exposure information for the population 
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Variability versus Uncertainty
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Risk Assessment 
Training & 

Experience

Risk Assessment 
Training & 

Experience

General Concepts in Exposure Assessment (EXA 401 and EXA 402 Combined)

THREE APPROACHES FOR ESTIMATING 
EXPOSURE
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Presenter Notes
Presentation Notes
Three Approaches for Quantifying Exposure 
We have finished discussing problem formulation and the planning and scoping step of an exposure assessment and we’ve also reviewed some useful exposure descriptors.  Now let’s discuss three approaches for quantifying exposure.  
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Exposure occurs

Approaches for Estimating Exposure
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Problem Formulation

Risk Characterization

Measurement
Direct (Point-of-Contact)

Indirect (Scenario 
Evaluation)

Biomonitoring

Analysis

Point-of-Contact
Scenario Evaluation

Exposure Reconstruction

Presenter Notes
Presentation Notes
Approaches to Quantifying Exposure
The Exposure Assessment Guidelines (1992) describe three approaches for quantifying exposure during the analysis phase of an exposure assessment.  They are shown in the center rectangle in this diagram:
Measurement of exposure at the point of contact
Estimation of exposure from scenario evaluation
Estimation of exposure by reconstruction of internal dose
Each of these approaches can be used independently and each uses different sources of information to aid in quantifying exposure.  However, the approaches can also complement each other, and each of them attempt to estimate exactly what the individuals were exposed to, for how long and, in some cases, the path the substances traveled through the body.
You might also think about quantifying exposure in terms of direct or indirect measures.  
Direct measures involve sampling or monitoring while indirect measures use methods like models and questionnaires to estimate exposure.  The three methods of analysis or quantification that we are going to discuss describe how data are used to estimate exposure and dose [(U.S. EPA, 1992); page 19].
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Risk Assessment 
Training & 

Experience

Risk Assessment 
Training & 

Experience

General Concepts in Exposure Assessment (EXA 401 and EXA 402 Combined)

POINT-OF-CONTACT (DIRECT MEASUREMENTS) 
FOR EXPOSURE ASSESSMENT
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Presenter Notes
Presentation Notes
Point of Contact for Exposure Assessment 
Let’s begin our discussion with point of contact approaches.
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Point-of-Contact (Direct Measurement) 
Methods

37

•Examples:
Dosimeters
Personal inhalation monitoring 
(breathing zone)
Personal dermal monitoring
Food and beverage 
consumption

Point-of-contact methods measure the contact of the person with the chemical concentration in 
the exposure medium over an identified period. 

EPA’s Guidelines for Human Exposure Assessment, 2019

Presenter Notes
Presentation Notes
Point of Contact Exposure Measurement
For a point of contact exposure assessment, chemical concentrations are measured at the interface between the person and the environment, usually through the use of personal monitors. 
Point of contact exposure assessment was initially developed primarily for use in occupational monitoring.  
More recently, monitors have been developed to measure chemical concentrations that the individuals are exposed to in the given media by sampling the individual’s breathing zone, food, or water.
A common example of a point of contact exposure assessment is the radiation dosimeter worn by people that work around radiation.  Some examples of dosimeters are shown on this slide. 
Workers in nuclear power plants or in hospital departments where radiation is used are usually required to wear dosimeters as part of a monitoring plan and to comply with OSHA requirements. 
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Strengths:
•Measures exposures directly
•Representative of individual 
exposures

•Most accurate method for quantifying 
exposure

Weaknesses:
•Expensive
•Not source-specific
•Not available for all chemicals
•Relies on accuracy of the device, the 
person operating it and the strength of 
analytical methods

Point-of-Contact Methods: 
Strengths and Weaknesses

Presenter Notes
Presentation Notes
Point of Contact Strengths and Weaknesses 
Using point of contact results we can measure exposures directly, rather than inferring from measurements or model results.  
Point of contact methods, by their nature, are very representative of individual exposures, as compared to exposure models or population-level assumptions.  
If the measurement devices used to evaluate exposure are accurate, this approach obtains the most accurate estimate of exposure for an individual over a given time period.
Unfortunately personal exposure monitors and the instruments used to evaluate them can be very expensive, to the point that they may be too costly for some studies.  
This is not necessarily the case for radiation dosimeters, which are quite common in healthcare and other radiological exposure settings, and are relatively inexpensive.
Also, point of contact methods are not always source-specific, although they are route-specific.  That is, multiple sources could contribute to the exposure that a person records through their sampling device, so it is not usually possible to determine the source of the chemical.
Devices are available for many substances, but not for all chemicals. 
The point of contact method relies on the accuracy of the mechanical device and the analytical methods used to evaluate the results and the participation of individuals in the study. 
Let’s talk about the use of the point of contact approach in dermal exposure assessment. 
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Direct Measurements of Inhalation Exposure
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• Monitors are typically compact and 
located close to the breathing zone of 
the individual 
 Passive monitoring: 

• Uses sorption method
• More appropriate for long-term 

exposure
 Active monitoring:

• Small air pump draws air through a 
filter, packed tube or similar device. 

• Requires power (either battery or 
electricity)

Presenter Notes
Presentation Notes
Direct Measurements of Inhalation Exposure 
For inhalation exposure, monitors are used to measure inhalation exposure are typically compact and located close to the breathing zone of the individual. There are two types of inhalation monitors: passive and active. 
Passive:  uses sorption or entrapment in a diffusion tube, badge, detector tube, or similar device. Passive sampling is often more appropriate for measuring long-term exposure rather than acute exposure since the level of detection might be higher for a passive sampling device than an active one. (EPA, Expobox) 
Active: uses a small air pump to draw air through a filter, packed tube, or similar device. Unlike passive samplers, active sampling requires electricity and moving parts. (EPA, Expobox)
For both passive and active sampling, it is often necessary to extrapolate the absorbed dose from the measured concentration since the absorbed dose will vary depending on other factors including ventilation rate.
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Direct Measurements of Dermal Exposure
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•Wide range of methods and devices 
for measuring dermal exposure
Patches – used for pesticides, 

metals, dusts
Whole-body dosimeters – radiation 

badges, coveralls, full-length cotton 
underwear
Removal – rinsing, wiping, and tape 

strips to collect contaminants from 
skin
Optical methods – fluorescent 

tracers

Presenter Notes
Presentation Notes
Direct Measurements of Dermal Exposure 
There are a number of methods that can be used to measure exposure to contaminants on the skin.  They range from simple and inexpensive to complex, costly samplers.
Patches were first used approximately 30 years ago to investigate exposure to organophosphate pesticides (Durham and Wolfe, 1962).  These Band-Aid or sticker like patches are placed on the body to collect the contaminant of concern and have been used for a variety of substances, including PAHs, copper oxide, and dusts (Soutar, 2000).
Whole-body dosimeters are intended to measure exposure to the whole body. They can range from badges worn on the clothing, to a coverall suit, to full-length cotton underwear (FIFRA SAP, 2007).
Removal methods include rinsing, wiping, and tape stripping to collect the contaminants of concern from the skin to be analyzed.
Fluorescent tracers are an example of optical methods.  This involves treating the contaminant of concern with a nontoxic fluorescent tracer and then using video imaging to identify and quantify the points where the contaminant contacts the skin. 
For example, portable x-ray fluorescence analyzers have been used to detect bromine concentrations resulting from PBDE compounds emitted by consumer products from the homes of a cohort in the Great Lakes area (Imm et al., 2009). This method has been used as an improvement on existing methods and a way to more accurately characterize human exposure to PBDEs from household products.
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Direct Measurements of Ingestion
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•Duplicate diet collection 
 Individuals collect duplicate 

samples of all foods consumed in a 
given period
Samples are analyzed to measure 

concentrations of chemicals of 
interest
Provide information on:

• Concentration of chemical in food
• Intake rate of chemicals of 
interest, per bodyweight of 
participant

Presenter Notes
Presentation Notes
Direct Measurements of Oral Exposure Concentrations 
Duplicate diet studies are a way to measure concentrations of a chemical of concern in the diet.  In these studies, individuals collect duplicate samples of all the foods they consume during a given period.
The duplicate samples are evaluated by investigators to determine the concentration of chemicals of concern in the diet and the intake rates of those chemicals. 
Duplicate diet studies can provide direct measurements of chemical contaminants in food, as well as the intake rate of various foods, typically normalized to the body weight of each participant.  These studies can also help characterize the total amount of the chemical of concern in different food types.
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SCENARIO EVALUATION (INDIRECT) FOR 
EXPOSURE ASSESSMENT
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Presenter Notes
Presentation Notes
Scenario Evaluation for Exposure Assessment
Let’s talk next about the scenario evaluation approach.  
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• Scenario evaluation estimates exposure by developing an exposure scenario to combine 
information on chemical concentration, time-of-contact information, and data on exposed 
persons 

• Exposure scenario: A set of facts, assumptions, and inferences about how exposure takes 
place that aids the exposure assessor in evaluating, estimating, or quantifying exposure
 Characterized by:

• Setting

• Chemical characteristics and sources

• Exposure pathways and routes

• Environmental and exposure media

• Intake and uptake rates

• Characteristics of exposed population

• Will be discussed in detail in EXA 403

Scenario Evaluation (Indirect) for Exposure 
Assessment

Presenter Notes
Presentation Notes
Scenario Evaluation for Exposure Assessment 
The scenario evaluation approach estimates exposure indirectly by measuring, modeling, or using existing data on concentrations in the media, the time of contact, and information about the exposed populations.  This information is combined to achieve an estimate of exposure. 
EPA defines an exposure scenario as, “A set of facts, assumptions, and inferences about how exposure takes place that aids the exposure assessor in evaluating, estimating, or quantifying exposure.” 
An exposure scenario is characterized by the elements that determine the exposures, including the setting, chemical characteristics and sources, the exposure pathways and routes, the exposure media, intake and uptake rates, and characteristics of the exposed population.
This approach is commonly used in exposure assessment at EPA, especially for characterizing situations that might not have taken place yet.  We will discuss exposure scenarios in detail in EXA 403, so we will highlight only a few important points here.  
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What do you need to consider when selecting your model?

Key Questions in Model Selection

•Objectives of assessment
•Appropriateness for your scenario
•Data needs
•Previous uses and outcome predictions
•Logistics of using the model (appropriate expertise) 
•Peer review
•Regulatory considerations that may influence choice of model

Presenter Notes
Presentation Notes
Key Questions in Model Selection 
In selecting a model, one should first identify the type of model needed to meet the risk management objectives of the assessment and then determining the complexity of the model necessary to reach a decision. 
Certain goals will require models that are more advanced, while other goals may be met using a simple model, for example a bounding analysis using a deterministic model might be sufficient to determine whether the level of a chemical observed in an environmental medium is of concern. 
Another consideration is consulting peers through peer review to provide an independent evaluation and review of models used in an exposure assessment. The purpose of model peer input is to evaluate the assumptions and whether sound scientific principles underlie the methods and conclusions derived from models and to check the scientific appropriateness of a model for informing a specific regulatory or risk management decision. 
Assessors should also consider if the model is appropriate for the scenario(s) being modeled. Models are designed to be used within a certain domain and contain assumptions which may or may not be appropriate for a given exposure scenario. 
An exposure assessor should also consider whether the required model inputs are available and obtainable or reasonable default values are accessible. The data should also be assessed to determine the type, quantity, quality and verify that the planning objectives and QAPP are satisfied. 
Previous uses and applications of a given model should also be considered in selection a model for an exposure assessment. 
Available personnel and experience should also be considered in selecting a model, as some available models may require advanced modeling expertise to select parameters, run the models, and interpret the results. 
Finally, certain regulatory requirements may dictate the type of model required. For example, aggregate exposure assessments are required under the Food Quality Protection Act, Safe Drinking Water Act, Clean Air Act, and other regulatory programs. (EPA, 2019). 
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EXAMPLES: Types of Models Used
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Models Inputs Output Examples

Fate and Transport • Emission rates
• Fate and transport properties

• Pollutant concentrations 
(mg/m3, mg/L, or mg/kg) in 
environmental media

• AERMOD
• EXAMS
• CMAQ

Exposure • Concentrations in 
environments and 
microenvironments

• Exposure factors
• Time activity patterns

• Predicted exposures or doses 
(mg/m3 or mg/kg-day)

• APEX
• DEEM
• SHEDS

Linked • Population characteristics
• Dietary exposure
• Fate and Transport
• Home Chemical Usage

• Population distribution of 
exposure

• Model to measurement 
comparison

• SHEDS + IEUBK

Presenter Notes
Presentation Notes
Types of Models Used 
If we don’t have measured concentrations or other exposure data, we will need to use an alternate method to evaluate a scenario.  In these cases, a model or a combination of models can be used to estimate the concentrations of a chemical in different environmental media as it moves from the source to the receptor.  
Fate and transport models like AERMOD and CMAQ estimate chemical concentrations in air.  
EXAMS models chemical concentrations in surface water.   
Exposure models estimate exposures or doses based on chemical concentration inputs, exposure factors (such as ingestion rates), and, in some cases, time-activity patterns.  
Time-activity patterns record the activities and locations of individuals through the course of a specific time period.  
CHAD, EPA’s Consolidated Human Activity Database, is perhaps the most familiar EPA resource for time-activity pattern data. 
Some models exist that combine fate and transport modeling with human exposure modeling to estimate the entire source to receptor continuum. 
A couple of examples of combined models include the SHEDS and LifeLine™ models
A helpful resource on exposure models is the paper by Williams et al. (2010), “An Overview of Exposure Assessment Models Used by the U.S. EPA.” 
This paper discusses many of the fate and transport models, exposure models, and integrated models currently in use.  The following slides provide an overview of a few of the models discussed by Williams et al. (2010). 




Center for Public Health and 
Environmental Assessment
Center for Public Health and 
Environmental Assessment General Concepts in Exposure Assessment (EXA 401 and EXA 402 Combined)

Strengths:
•Can be economical, depending on the 
scale of the study

•Well-suited to evaluating proposed 
actions

•Can be done with limited data

Weaknesses:
•Simplification of the exposure 
scenario leads to less accuracy

•Limited data needed for approach 
means more uncertainty
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Scenario Evaluation:
Strengths and Weaknesses

Presenter Notes
Presentation Notes
Scenario Evaluation Strengths and Weaknesses 
Scenario evaluation is typically the least expensive of the three exposure assessment methods, as it often relies on available data and involves limited equipment and time.
Scenario evaluation is well-suited to evaluation of the risk consequences from proposed actions.  It can also be performed with limited data on the actual exposure situation.
However, the simplification of an exposure scenario using readily available data, that are sometimes limited in their scope, may lead to a less accurate assessment causing over- or under-estimation.  
The limited data that are needed to conduct scenario evaluation can result in an estimate with a greater degree of uncertainty.
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EXPOSURE RECONSTRUCTION FOR EXPOSURE 
ASSESSMENT
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Presenter Notes
Presentation Notes
Dose Reconstruction FOR Exposure Assessment 
Finally, let’s talk about the third approach for estimating exposures: dose reconstruction.
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•Exposure reconstruction uses pharmacokinetic (PK) models to 
estimate exposure from biomonitoring data (e.g., blood, urine)

•NHANES data include national biomonitoring data collected by CDC
Stratified by age, race, and sex for numerous chemicals
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Exposure Reconstruction for 
Exposure Assessment

Biomonitoring 
dataExposure PK Model

Presenter Notes
Presentation Notes
Dose Reconstruction for Exposure Assessment 
Doses to a specific receptor population are usually not available, but dose can be reconstructed using internal indicators of exposure, called biomarkers.  
A biomarker is an indicator of changes or events in biological systems. Biomarkers of exposure refer to cellular, biochemical, analytical or molecular measures obtained from biological media such as tissues, cells or fluids that are indicative of exposure to an agent. Biomarkers of effect indicate cellular, biochemical or molecular changes occurring as a result of human exposure to the agent. (EPA, 2019)
Biomarkers are important indicators of exposure and provide useful information about linking exposure to potential health impacts.
Biomonitoring data can be used to calculate dose in a biological model called a pharmacokinetic model. 
Pharmacokinetic models combine data from physiological and metabolic processes with the biomonitoring data to estimate dose. 
PK models make inherent assumptions regarding the absorption, distribution, metabolism, and elimination (ADME) processes
This reconstruction of the exposure from internal indicator to dose occurs after the exposure has taken place.
NHANES includes a nationwide biomonitoring study that yields biomarkers of exposure for many different stressors.  Data are stratified by age, race, sex, and other factors. 


https://www.cdc.gov/nchs/nhanes/index.htm
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Strengths:
•Provide confirmation of exposure to 
an agent

• Important for linking external 
exposure to internal dose and health 
outcomes

•One way to characterize total internal 
dose of agent from multiple sources 
(aggregate exposure)

Weaknesses:
•Not linked to pathway or source
•Requires pharmacokinetic (PK) model 
and parameters

•Sampling and evaluation may be 
expensive
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Biomarkers for Exposure Reconstruction:
Strengths and Weaknesses

Presenter Notes
Presentation Notes
Dose Reconstruction Strengths and Weaknesses 
Biomarkers can provide confirmation of exposure to an agent.
In addition, biomarkers provide valuable information about past exposures and linkages between exposure and potential health impacts.  
With an appropriate model, dose reconstruction has the potential to give the most accurate estimate of total exposure of the three methods discussed. 
Dose reconstruction does not tell us about the exposure pathway involved; biomarkers are not source-specific. 
Biomarkers are not always directly related to source chemicals because multiple chemicals may have the same biomarkers. 
Once again, biomarkers are a chemical found in the body that may indicate exposure to a specific compound. The body burden is simply the amount of one or more biomarkers that may have resulted from a given exposure.
Models are not always available that link dose with exposure for the stressor of concern.  When models are available, we have to accurately parameterize them based on measured or experimental data.
Biomarkers may indicate exposure to metabolites rather than the parent compound.
Sampling for biomarkers may not always be possible, and databases with biomonitoring data might have to be used.  Finally, due to the costs of sampling and evaluation, this method may be expensive.
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Exposure Reconstruction Example: PFOS
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Egeghy P. and Lorber, M. 2011. An assessment of the exposure of Americans to 
perfluorooctane sulfonate: a comparison of estimated intake with values inferred from 
NHANES data. Journal of exposure science & environmental epidemiology, 21(2), 150-168

Presenter Notes
Presentation Notes
Dose Reconstruction Example - PFOS
Another example of a dose reconstruction study comes from a PFOS exposure assessment. Authors used both scenario evaluation and dose reconstruction methods to estimate PFOS intakes for adults and compared the results from each method. 
For the dose reconstruction approach, authors used serum concentrations of PFOS from NHANES and a first-order 1-compartment PK model to estimate PFOS intake. The authors discussed the large uncertainty in the dose reconstruction method stemmed from the use of a single 1-compartment model and the lack of data on the parameters used within the model. The authors did not find any studies with data that could be used to calibrate the volume of distribution in humans and there was only one study identified to quantify the half-life of PFOS and PFOA in humans.
Figure 4 on the slide shows the comparison between the two methods, showing two different PK modeled PFOS estimated intakes, one using a volume of distribution of 200 mL/kg and another using a volume of distribution of 3,000 mL/kg. The scenario evaluation estimate actually fell between the two model estimates, however it was closer to the lower volume of distribution PK model estimate. The authors stated that while it may seem to suggest an appropriate volume of distribution would be on the lower end, the uncertainty and variability both estimated intakes led to them being unable to draw such a conclusion. 
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•Exposure assessment, relationship between exposure and dose, routes and 
calculations

•Quantify exposures to stressors and potential impacts on receptor populations
•Depends on data, resources, exposure of concern, stressors, and receptor 
populations

•Quantification approaches all have strengths and weaknesses, one or multiple 
might be best, depending on the scenario
Point-of-contact
Scenario evaluation
Exposure reconstruction
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Summary

Presenter Notes
Presentation Notes
Conclusions 
Methods for quantifying exposure allow assessors to evaluate exposures to environmental stressors and their potential impacts on receptor populations. 
The ability to quantify exposure for a given scenario depends on many factors, including the availability of data, resources for monitoring, the exposure scenario of concern, identified stressors, and the receptors of interest.
Tiered approaches help to guide and refine exposure assessments and identify priority approaches, helping assessors choose the methods appropriate for the assessment.
Tiered and screening approaches help determine if a deterministic or probabilistic assessment is needed.
Exposure quantification approaches all have their strengths and weaknesses, and one - or multiple - approaches might be best for a given scenario.  
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Other Key EPA Resources
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•Exposure Factors Handbook 
•Example Exposure Scenarios
•Risk Assessment Guidance for 
Superfund (RAGS)

•Guidance on Selecting Age Groups 
for Monitoring and Assessing 
Childhood Exposures to 
Environmental Contaminants

•Dermal Exposure Assessment: 
Principles and Applications

https://www.epa.gov/expobox/about-exposure-factors-handbook
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=85843
https://www.epa.gov/risk/risk-assessment-guidance-superfund-rags-part
https://www.epa.gov/risk/risk-assessment-guidance-superfund-rags-part
https://www.epa.gov/risk/guidance-selecting-age-groups-monitoring-and-assessing-childhood-exposures-environmental
https://www.epa.gov/risk/guidance-selecting-age-groups-monitoring-and-assessing-childhood-exposures-environmental
https://www.epa.gov/risk/guidance-selecting-age-groups-monitoring-and-assessing-childhood-exposures-environmental
https://www.epa.gov/risk/guidance-selecting-age-groups-monitoring-and-assessing-childhood-exposures-environmental
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=12188
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=12188
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Exposure Quantification Approaches at a 
Glance
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Approach Key Points Examples

Point-of-Contact • Quantifies exposure as it occurs, at the interface between the 
person and the environment.

• Representative of individual exposure.
• Most accurate method of quantifying exposure.
• Can be expensive; not source-specific; relies on accuracy of 

the device used for sampling.

• Whole-body radiation dosimeters
• Patch or tape stripping measurements
• Duplicate diet collection

Scenario 
Evaluation

• Combines data on chemical concentration, time-of-contact, and 
population characteristics.

• Elements that determine exposure: setting, chemical 
characteristics, sources, exposure pathways and routes, intake 
and uptake.

• Can be economical; well-suited to evaluating proposed actions; 
can be done with limited data.

• Fate and transport models: AERMOD, 
EXAMS, CMAQ

• Exposure models: APEX, DEEM, SHEDS
• Linked models: SHEDS + IEUBK

Exposure 
Reconstruction

• Estimate exposure using biomarkers.
• Can provide unambiguous proof of exposure, may give most 

accurate estimate of external dose. 
• Does not provide exposure pathway, amount, or source. Data 

not always available, may be expensive.

• Biomarkers of exposure: NHANES

Presenter Notes
Presentation Notes
Exposure Quantification Approaches at a Glance 
This slide provides a summary of the three approaches to quantifying exposure.  There are advantages and disadvantages to each approach, and each approach provides different types of information.  In addition, there are different applications for each of the approaches, which are presented in the third column.   
This slide is provided in your reading packet.
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