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<EPA What You Can Expect to
s Learn From This Course

* Definitions of variability and uncertainty
* Factors that contribute to uncertainty and variability

* Types of variability and uncertainty
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VARIABILITY AND UNCERTAINTY
IN EXPOSURE ASSESSMENT
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wEPA From Source to

United States
Environmental Protection

Receptor to Effect

* Variability and
uncertainty are
Important to all
components of
the source-to-
effect continuum

Receptor Domain

Stressor Domain

Effect/outcome

Vo

Biological event

7

Target dose

Source/stressor
formation

N

Fate and transport

N

Environmental
concentration

* Focusis on
exposure in this
course, but just
as important to
fate and transport

Exposure =
f(concentration,
behavior, time)
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vEPA . L
VT What is Variability?

Agency

* Variability refers to true heterogeneity or diversity
Inherent property of a population
Cannot be reduced or eliminated

Can be better characterized with more data
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What Is Uncertainty?

* Uncertainty refers to a lack of knowledge due to
Incomplete data or an incomplete understanding
of the process

Can be reduced or eliminated by collecting
more or better data
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wEPA What is the Difference Between

United States
Environmental Protection

Variability and Uncertainty?

Exposure through consumption of contaminated water

Water intake rates

g Variability Y ( Uncertainty h
 Spatial and temporal changes in fate « Chemical concentrations
and transport, chem. concentrations » Use of representative data for
\° Age, weight, activity patterns JAR population of interest p

* Variability cannot be reduced, only better characterized

* Uncertainty can be reduced and in some cases even eliminated
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vEPA Factors Contributing to

Unlted States
Environmen tal Protection

Exposure Variability

,0
D

Age

Gender

Behavioral patterns

Location

Socioeconomic factors
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OER Types of Variability

* Spatial variability
* Temporal variability

* Inter-individual variability

* Intra-individual variability
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\l"l’EPA TYPES OF VARIABILITY:

Lo . Spatial Variability

Agency

Spatial variability refers to variability across locations

Regional Local
Macroscale Microscale
*-*-Ub;_.iﬁra':':',fﬁrgchenecta g,&{: i HAMPSHIRE RHODE

NEW YORK:

ISLAND |
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\"I;EPA TYPES C.)F VARI.AB.ILITY:
T T— Temporal Variability

Agency

Temporal variability refers to variation over time

\ ) Ay
099

Long-term variability: Short-term variability:

* Seasonal fluctuations in * An individual’s activities at
weather different times of day

* Amount of time a person  * Industrial operations
spends outdoors during weekdays versus
weekends
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\'l'\’EPA . . . TYPES C-)F VARI.AB.ILITYZ
Tk — Inter-individual Variability

Agency

Inter-individual variability refers to variability
between individuals

* Characteristics:
Gender
Age and lifestage
Body weight
Genetic predisposition

* Behaviors:
Activity patterns
Ingestion and inhalation rates
May be related to spatial and temporal factors
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\f'l’EPA - . . TYPES C-)F VARI.AB.ILITY:
Tk — Intra-individual Variability

Agency

Intra-individual variability refers to
variability within an individual

Function of fluctuations in an individual’'s physiologic or behavioral characteristics
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ADDRESSING VARIABILITY IN
AN EXPOSURE ASSESSMENT
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SEPA . L
Vimten Presenting Variability

Agency
* Tables with percentiles or ranges of values
* Probability distributions with specified parameters
* Qualitative discussion

Recommended Values for Intake of Grains, alean/Median
Edible Portion, Uncooked, Per Capita
(Source: EPA Exposure Factors Handbook, 2011) g / \ -Std Dev
95th -g / \
Mean Percentile e
Age Group (g/kg-d) (g/kg-day) -E ) / \
Birth to 1 31 9.5 a I, \f\
1to <2 6.4 12.4 2 / I \
2to <3 6.4 12.4 = .
3to <6 6.2 11.1 " / S
6to <11 4.4 8.2 o
11to <16 2.4 5 o /
16 to <21 2.4 5
21 to <50 2.2 4.6 . ' e ‘
== 17 3E Soil Concentration (pg/kg)

* Other ways to address variability:

Ignore Use an average, min, or max value
Disaggregate Probabilistic or bootstrap techniques
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* Used in combination with other strategies

* Should only be used when variability is small or there
IS a reasonable expectation that impact would be small

Mean Body Weight Distribution of Females
age 40-50 Years Derived from NHANES
1999-2006

4IO 5IO 6IO 7I0 8IO 9IO 1(I)O 11I0 120 13I0
Body Weight (kg)
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EPA . . .
R Disaggregating Variability

* Can be a tool to better understand or reduce variability

* Consideration of population cohorts and lifestages, time
scales, subregions, and/or microenvironments

* Application of mathematical models

©
S
Population distribution % S
O g
J & S g
©0
o
©)
2
>
O Jan » Dec

Children Adults Month
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<EPA Average or

United States
Environmental Protection

Minimum/Maximum

* Requires confidence in value and small variability

* Minimum and maximum values to characterize range
Most common method
Might results in over- or underestimation of exposure

Distribution of Root Vegetable Intake of
Adults age 40-69 Years Based on U.S. EPA's
Analyses of 1994-1996 CSFII

Min -0
— Mode - 0.68
— Average - 0.99
— Max - 151

0 2 4 6 8 10 12 14 16

Intake (g/kg-day)
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<EPA Probabilistic or Bootstrapping
s Techniques

* Characterize variability by repeated sampling of probability
distributions of equation variables

* Result: Distribution of outcomes with associated probability

* Bootstrap technigues estimate confidence intervals for
parameters by simulated re-sampling of empirical

distributions
- ‘

Sampling and
Calculation

Inge, ates

U

b

Con

o
=]
7]

Expos uency

P

Input Distributions Risk Estimates
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SEPA U
Vi  Exposure Modeling with APEX

Agency

Characterize Study

- Area Create Simulated
* Ar quality data Individuals Construct
* Meteorological data « Age, gender, race Activity
* Physiological Sequence
characteristics  Use CHAD
e Home & work diaries
locations * Locations
* Home o Activities
characteristics

Characterize

Population
* Ages

» Genders
e Races
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SR APEX Activity Modeling

Agency

Home

Air conditioning

Proximity to road

Air exchange rate
Activity level

Time spent ﬁ
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Agency

For
simulated
individuals

Concentrations

Calculate
Microenvironment
Concentrations
*Hourly air quality data
*Mass balance for
MEsS

Calculate Hourly
Exposure for Each
Individual
*Time spent in MEs
*ME concentration

and Exposure
in APEX

Calculate

Population
Exposure
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UNDERSTANDING
UNCERTAINTY

EEEEEE



Types of Uncertainty

Parameter
Uncertainty

Model
Uncertainty
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SEPA | -
VT Scenario Uncertainty

Agency

* Scenario uncertainty: uncertainty regarding missing or
Incomplete information on the scenario
Can be attributed to incomplete descriptions of key information

* Sources of scenario uncertainty:
Descriptive errors
Aggregation errors
Errors in professional judgment
Incomplete analysis
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a0 SOURCES OF SCENARIO UNCERTAINTY:
wEPA

T — Descriptive Errors

Agency

* Errors in basic information about exposure pathways,
scenarios, and populations of concern

* For example:
Misidentifying chemical producers, uses, or properties of a chemical
Neglecting to include population cohort
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o SOURCES OF SCENARIO UNCERTAINTY:
\ Y4

Aggregation Errors

* Result from too much “lumping” of information

Assumption that
population is
homogeneous

Spatial and
temporal
approximations
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o SOURCES OF SCENARIO UNCERTAINTY:
\ Y4

e ZFTOIS 1IN Professional Judgment

Agency

* Affect how the exposure scenario
IS defined
Population of concern
Exposure routes and pathways
Chemical of concern

* Related to selection of appropriate
models
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o SOURCES OF SCENARIO UNCERTAINTY:
\ Y4

T T— Incomplete Analysis

Agency

* Result from overlooking exposure scenarios or populations
due to lack of data

* Difficult to quantify

* Recommended approach:
Include rationale for excluding potential exposure scenarios

Explain whether decision was based on
data, analogs, or professional judgment P

* Example: Is dermal exposure relevant?

‘
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T — Types of Uncertainty
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Ve Parameter Uncertainty

Agency

* Parameter uncertainty refers to uncertainty regarding a
specific exposure parameter

* Numerical values for exposure parameters typically derived
from EPA’s Exposure Factors Handbook and other sources

* Sources include:
Measurement errors
Sampling errors

et

Data type VIl W |
108 e TR AR
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e SOURCES OF PARAMETER UNCERTAINTY:
A\ Y 4

niedSes Measurement Errors

Agency

* Errors associated with anything measured

Random error: results from imprecision in the
measurement process

Systematic error: bias or tendency away from true
value
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e SOURCES OF PARAMETER UNCERTAINTY:
A\ Y 4

T — Sampling Errors

Agency

* Sample representativeness is important

There are implications of extrapolating from small
data sets

Population

Sample does not accurately represent population color
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e SOURCES OF PARAMETER UNCERTAINTY:
A\ Y 4

T — Characterization of Variability

Agency

* Inability to characterize variablility contributes to uncertainty

RHODE
ISLAHD
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e SOURCES OF PARAMETER UNCERTAINTY:
A\ Y 4

T T— Data Type Uncertainty

Agency

* Surrogate or generic data
* Expert judgment or elicitation
* Default data (especially for screening-level assessments)
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T — Types of Uncertainty
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EPA -
Vimten Model Uncertainty

Agency

* Model uncertainty results from gaps in scientific
knowledge required to make predictions

* Models represent exposure process and fate and
transport processes

Quantitatively describe relationship between input
parameters and responses to changes in inputs

* Sources of uncertainty include:
Relationship errors
Modeling errors
Selection of the incorrect model
Parameter uncertainty

EXA 407



SOURCES OF MODEL UNCERTAINTY:

SEPA Relationship Errors, Modeling

Errors, and Model Selection

Agency

* Relationship errors result from drawing incorrect
conclusions from correlations

* Modeling errors result from failure to consider exposure
parameters

* Model selection and implementation
considerations:

Boundary conditions

Dependencies

Assumptions

Level of detalil

Extrapolation

Implementation and technical aspects
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\Q’EPA CLASS ACTIVITY:

United States

Evrormental Proteon Source to Effect Continuum

Stressnr Domain Receptor Domain

Effect/outcome

7

Biological event

4

Target dose

Source/stressor
formation

N

Fate and transport

N

Environmental
concentration

Exposure =
f (concentration,
behavior, time)
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\'l'l’EPA CLASS ACTIVITY:

T — London Smog of 1952

Agency
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<EPA Why Address Uncertainty In
e Exposure Assessments?

Addressing uncertainty allows us to:

our level of understanding and
confidence in exposure estimate

uncertain information from different
sources

context for evaluation
guality of best estimates

decisions about expending resources to
acquire more data

refinement process
transparency
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wEPA Qualitative and Quantitative

United States
Environmental Protection

Uncertainty Analysis
Qualitative Quantitative
What are Sources of SIESENIS * Parameter
Uncertainty? * Parameter * Model
' * Model
Characterize: o
- Level of uncertainty in ~ ° Probabilistic
How is Uncertainty influential parameters methods
Approached? - Data gaps * Non-probabilistic
» Impact of subjective methods

decisions
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Vimten Sensitivity Analysis

Agency

Elasticity of TCDD Lifetime Risk (-5% Perturbation of Variable)

Mxng Ht
Emission RLte
Hariz Wind Spd
Frac Contam (Fish)
Exp Factor (Fish) L Change one
Body Weight (Adult .
Chem Conc T4 Fish variable and leave
Mammal Metab Fctr others constant
Water Temp
Sed Dep Velocity * Useful to identify
Biotrans Fctr (Dairy) Variables W|th
Exp Factor (Dairy)
greatest effect on
Lake Depth
B Farm Food Chain OUtcome
] rﬂagge% Transport Suspgg:]ecj Sed Sed Resusp Vel
Exposure/Dose
Calculation
|
-2 -1.5 -1 -0.5 0 0.5 1 15 2

Sensitivity Coefficient

Source: EPA’s Risk and Technology Review (RTR) Risk Assessment Methodologies (2009)
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/i Probabilistic Approaches to

ted States
ironmental Protection

Uncertainty Analysis
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* Monte Carlo

Probability density functions assigned to each parameter

Values from distribution selected randomly and inserted into
exposure equation

Process repeated many times

Result is a distribution of values that reflects the overall uncertainty
in the inputs

X X X
|||||II\\“\m“|||||||“““Wllluu |||||||“\“‘“m"""“““\“Ilum i | |
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[ — Monte Carlo Analysis
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(o)
\7

>mcC

* Strength:
Applicable to many situations

* Complications:
Must have confidence in distributions

Must understand relationships between parameters (or
assume independence)

One change — re-run simulation

Results do not tell assessor which variables are most
Important contributors to uncertainty

* Remember! Garbage in = Garbage out
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Agency

* Variability: true heterogeneity or diversity
Can be characterized, not reduced

* Uncertainty: lack of knowledge due to
Incomplete data
Can be reduced

It iIs Important to address both variability
and uncertainty in exposure assessments.
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