CRA Toolbox
(Appendix A of U.S. EPA, 2007)

Objectives:

— Consolidate resources for cumulative risk assessors

— Include notes to help facilitate application

— Provide coverage for key elements of the assessment process
Organized into 5 main topic areas:

— Planning, scoping and problem formulation

— Environmental fate and transport analyses

— Exposure analysis

Toxicity analysis

Risk/uncertainty characterization, presentation of results

Reflects >70 resources; updates are planned (MacDonell et al. 2013)

Example resources from the CRA Toolbox are shown at the end

Online at: http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=190187#Download
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Annual Course at Annual Society of Risk
Analysis (SRA) Meeting

+ Many people involved:

— US EPA (ORD): Glenn Rice, Linda Teuschler, Jane
Ellen Simmons, J. Michael Wright, Amanda Evans

— Others: Moiz Mumtaz (ATSDR), Margaret MacDonell
(Argonne National Laboratory), Richard Hertzberg
(Consultant)

* Principles, approaches and a hands-on exercise
are covered in a day-long course

* Preview on next slide, detailed slides at the end
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Example Stressors/Buffers for a Hypothetical Community

| Sources of Toxicants ‘

‘ : }
Air Soil/Sediments Ingested Substances
Combustor Emissions, Drinking Source Water, Local Fish,
Water Disinfection Byproducts Combustor Deposition Drinking Water
(Showering) \ l /
Biological & Genetic
Overall Level of . Traits/Sensitivities
Vulnerability Environmental o
Stressors « Population illnesses
(e.g., asthmatics,
diabetics)

Vulnerability Factors / Buffers ) ] »
» Genetic predisposition

« Access to health care Lifestyle Physiological .
Conditions Background to contracting a
« Crime rates disease (e.g. breast
cancer)

» Proximity of homes to

pollutant sources « Intrinsic traits (e.g.,
race, gender)

» Socio-economic status

Cultural, Dietary and Behavioral Factors

* Diet/nutrition

) - + Local fish as staple of diet
» Access to recreational facilities

+ Smoking, drug/alcohol ab
» Social support networks foking, drugraiconal abuse

+ Outdoor activities highly valued

37
+ Drinking water from privately owned wells

NIEFEEICEELGRZAIRTTI DT, 2WMHEL D2EVEFITVER A L. CCT
RTHOMNFET LI WAWALBEELG/NFA—F—FFTNTNDOIZ2=T4—&
TCRAZ T A%56., T RAIELLEFNIELESLENENSZEERNYET , ZSTRSN
THEYFETDIX, §HLLEIFELIzhands—onDTHIHH A X T, EREIZFA=-BHEST
WASEDTHYET . WALWALHETHEZRIEL. ZLTT72YILTVSELS DA
AMAHERNET,

FT.3DDOANBYFET BEAFDECATT , ChIFBREDRAN RERTH 1=
Y. HBEIWNESATHAIVR, HAWTEBZMGE/NNVITTIOVRTHYET , D3
DIRTNELGO>TNDELSDNGMNBERNET , TNMLRENZENETNAD
RYIRIZAMNSTEYET (ThEL. TNIEEN TN OREFREEZRLTEYETS,

FHREBOAANMIVIZBIEVWET LI, SNIEHETIADRBEICHLTOEEES
ATWABIEIFTEEWSZETT DT, ARV RIZRMURER, DFYEYEHL. b
fI7E. SFEERLBLDRETER THEYVET . £, I TR TN OKHAIZHLTED
FOGHEERZHFE>TLSDN., TDHERE. fEEETHo1-Y. BufferTHoT=U.
TEITH Y. HAWIERHLGERILE TDELNSIDAI N ET , IEFITHEH
[CH>THEYET ., LhvE, CNEHETEADBELZTERLTVSICTEEH A,

BHDT7ITO—F%, SEITERE, REBICHLTH, FMETHRTAIEESENE
L\WDADICEZALNFT,

37



State Applications of CRA Concepts

* Minnesota Pollution Control Agency
— Cumulative Air Emissions Risk Analysis

+ Evaluates multiple chemicals, multiple
media/exposure routes including food, multiple
sources

* New Jersey EPA

— Report: Strategies for Addressing Cumulative Impacts
in Environmental Justice Communities

* Recommends identifying vulnerable/burdened “key
hot spot” communities

» Recommends a “bias for action”

« California (next slide)
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California

CALIFORNIA COMMUNITIES

+ Cumulative Impacts and ENVIRONMENTAL HEALTH
Precautionary Approaches Work SCREENING TOOL, VERSION 1.1
GI‘OUp (CALENVIROSCREEN 1.1)

+ “EnviroScreen” GUIDANCE AND SCREENING ToOL

— Geographic Information System
(GIS)-based screening method to
identify communities e : _ _
disproportionately burdened by B W e
multiple sources of pollution § -

— Numerically scores areas (by AP
zipcode) on pollution burden, ; ,
population characteristics

— Final “screening tool” and guide
released in September, 2013:

N . Mamhew Rodriquez, Secretary \J‘
http://oehha.ca.gov/ej/pdf/CalEnvir el EnonmatalFoc o gency ~
oscreenVer11report.pdf S il A ©
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Part lll: The Future

The EPA RAF CRA Panel
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EPA Risk Assessment Forum (RAF) Cumulative
Risk Assessment (CRA) Technical Panel

« Charge to Panel: Write Agency Guidelines for CRA

* Panel History
— Established in 1997
— Developed Framework Document in 2003

— Developed case studies via seminar series/workshops in
2007-2009 (end product still being developed)

“Re-invigorated” in July 2010
Developed outline for Agency Guidelines for CRA in 2011
Writing teams established in 2012-13
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EPA’s RAF CRA Guidelines Effort

Current CRA Technical Panel in place since 2010. Efforts include:
— Draft CRA Guidelines outline
Cross-EPA writing teams
— Draft workshop report on integrating chemical and nonchemical stressors
— Defining CRA terms (e.g., vulnerability, sensitivity)
— Draft report on EPA’s use of dose addition in risk assessments
— Developing CRA tools and approaches for planning, scoping, problem
formulation, risk communication, risk analysis, risk characterization
— Public webinar series on CRA science issues [jointly sponsored with
EPA’s National Center for Environmental Research (NCER)]
* Need for Collaborative Efforts
— Coordinate across EPA program and other offices and regions
— Address aspects of CRA under the purview of other Federal/State
agencies
— Cultivate partnerships with academia, private industry, tribes,
environmental groups, etc.
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CRA Guidelines Science Challenges and Research
Issues (1 of 2)
+ Chemical and nonchemical stressors and vulnerability factors
+ Identify and determine relative importance
» Grouping and analysis strategies for diverse stressors
» Analysis tiers graded by data availability/quality, resources, need

* e.g., higher tier analyses may require multiple-route internal doses
of chemicals or emergency room visit incidence for a specific
disease endpoint

» Joint exposure distributions for stressor combinations
« Identify local at-risk populations and geographic areas

+ Address problems combining national database information (e.g.,
NHANES, Census, Toxic Release Inventory)
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CRA Guidelines Science Challenges and
Research Issues (2 of 2)

+ Need methods and data to inform health impacts of stressor combinations
* Epidemiology studies/methods
» Traditional / high throughput toxicology

« Extend chemical mixture risk assessment methods to analyze diverse
stressors

» Develop cumulative risk communication strategies for stakeholders and
risk managers

» Consider data and resource limitations, statutory requirement constraints
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Conclusions on CRA “Readiness” (1 of 2)
+ CRA focus is important for getting environmental health risk
assessment “right”
» Evaluate “real world” exposures and recognize population vulnerabilities

» Accurate and complete CRAs should result in improved environmental
decision-making and risk management

* Vulnerable populations (e.g., children, differentially exposed populations)
should benefit from the conduct of CRAs

« Scientific challenges limit EPA’s current ability to implement CRA

EPA research plans and efforts are in place to fill gaps in available data and
methods, but some science is immature
* Primary focus to identify, measure and determine the importance of
combinations of chemical and nonchemical stressors, including
population vulnerabilities and buffers
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Conclusions on CRA “Readiness” (2 of 2)
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CRA Guidelines are needed to span program office and
regional responsibilities while keeping EPA activities within
legal mandates

+ Some aspects of CRA are already practiced by many organizations

within EPA; multi-route/pathways exposures to chemical mixtures are
commonly evaluated; vulnerable populations are often considered
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“Regular” Risk Assessment and
Cumulative Risk Assessment

Slides adapted from presentations by
Glenn Rice and Linda Teuschler

Traditional Risk Assessment Paradigm

Fundamental to U.S.
EPA’s approach to
analysis of potential
risk from exposure to
environmental
contaminants

Essential for U.S. EPA

Dose_Response Public Health Social
regulatory Assessment Considerations Factors
decision-making
Generally applied to \ '

- - Risk Risk
single chemicals, Hazard o M
ificati Characterization anagement
exposure routes and e Decisions
endpoints / \
Evolving with Exposure Risk
Assessment Economig
challerlwges qf new and Management e ctors
emerging science Options
Political

Risk Assessment

Risk Management

Statutory and Legal
Considerations

Considerations




populations

CRA Paradigm: Example Issues Beyond
Those of Single Chemicals

Hazard identification:
« Effects specific to vulnerable

 Effects from stressor

interactions

Dose-Response

Combined “doses” of
multiple stressors

Dose-response for
sensitive populations

Exposure: ;"’sessment « Effect modification

- Multiple exposure L \ i N Toxicological interactions
routes/pathways | |gentification Characterization

 Social, cultural
and economic Exposure Risk characterization:
factors that influence Assessment

exposure

+ Estimating “exposure” to NOtdei Dose-response
- _and exposure
nonchemical stressors anc exposure

assessment are
interdependent

* Uncertainties associated
with combining risks

+ Qualitative factors
affecting risk outcomes

Integrated Cumulative Risk Assessment Process

Updated management needs

Includes the four analytic
elements of the Cumulative |«

Risk Assessment Paradigm

v

Planning
&

scopin N
ping =

(Technical,

stakeholder,
& manager
dialogue)

Risk assessment

Problem
formulation

Risk
characterization

Adapted from

U.S. EPA, 2002a

— > Economic, political-science,
social, & other analyses




Extra slides for EPA Offices

Office of Pesticide Programs (1 of 2)

FQPA of 1996 requires EPA to do CRA

— Methods based on common mechanism of action (guidance
document (US EPA 2002) -
http://www.epa.gov/pesticides/cumulative/methods_tools.htm

— Five common groups have been formed so far -
http://www.epa.gov/pesticides/cumulative/common_mech_groups.
htm#op :

» Organophosphates (2001, 2002, 2006) — acetylcholinesterase
inhibition (via phsophorylation) — 50 pesticides

» Triazines (2006) — disruption of hypothalamic-pituitary-gonadal
(HPG) axis in neuroendocrine development- Three pesticides
(plus metabolites)

* Chloroacetanilides (2006) — formation of nasal turbinate
tumors via common tissue reactive metabolites - Three
pesticides (plus metabolites)




Office of Pesticide Programs (2 of 2)

* N-methyl carbamates (2007) — acetylcholinesterase inhibition
(via carbamylation) — Ten pesticides

 Pyrethrins/pyrethroids (2011) — shared structural
characteristics, disruption of voltage-gated sodium channels
leading to alteration of neuronal membranes and ultimately
neurotoxicity — 33 pesticides
» Because pesticide CRA is based on common
mechanism, assumed dose addition (used relative
potency factor, or RPF approach) and because
pesticide registration requires much information no data

gaps.

Office of Air — National Air Toxics Assessment (NATA)
(1 of 2)

» Latest report (2005) evaluates human health endpoints for 187 air
pollutants

* Is a screening approach
— Looked at cancer and non-cancer separately
» Combined cancer effects by summing unit risk estimates
(regardless of cancer type or mode of action)
» Combined non-cancer effects using hazard index method
(i.e., the summing of hazard quotients)
— Did for two endpoints (neuroxicity and respiratory effects)




Air/NATA — 2 of 2

* When no data on cancer/non-cancer were available,
a value of zero was used for summation purposes
(and no individual chemical evaluation was reported)

http://www.epa.gov/ttn/atw/natamain/index.html

http://www.epa.gov/ttn/atw/nata2005/05pdf/nata_tmd.pdf
(an overview of the methods — published in 2011)

See slide at end for sample conceptual model

Superfund — Money Set Aside to Clean Up
Hazardous Waste Sites (1 of 2)

» Sites are nominated and place on the National
Priorities List (NPL)

» All over the country, largely implemented by Regions
(status below as of Jan 24, 2014;

http://epa.gov/superfund/sites/npl/index. htm

Status Non-Federal Federal Total
(General)
Proposed
site

Final Site 1162 157 1319
Deleted Site 358 17 375




Lots of money....EPA Liability Chart (2 of 2)
FY 2013 Composition of Liabilities

Accounts Payable and
Accrued Liabilities, $0.68
billion

nCashout Advances,
Superfund, 51.01 billisn

u Other, §0.37 billion

Payroll and Benefits. §0.32
billian

Source: http://www2.epa.gov/planandbudget/fy-2013-agency-financial-report-afr

Disinfection By-Products in Water (Proposed
Method by ORD)

» Combines dose addition and response addition
+ Utilizes CRPF method: Cumulative Relative Potency Factors
- (Sage)toxicological endpoint outcome, different modes of action
MOA
* MOA subclasses with index chemical

— Index chemical used to determine Index Chemical
Equivalent Dose (ICED)

» Within subclass (Component ICED)
» Across subclass (Subclass ICED)

Source - Teuschler et al., 2004




Extra slide for Other US Activity

Other Activities in US

NAS Emerging Science meeting on CRA (July, 2011) - http://nas-
sites.org/emergingscience/workshops/mixtures/

NIEHS Workshop (September, 2011) - Advancing Research on Mixtures:
New Perspectives and Approaches for Predicting Adverse Human Health
Effects

International Toxicology of Mixtures Conference (October, 2011) —soon to
be special issue of Toxicology (Elsevier)

Toxicology and Risk Assessment Conference — TRAC (May, 2012) — course
on: Cumulative Risk Assessment: Grouping and Analyzing

Combined Chemical, Biological, Physical and Socio-Economic Stressors -
http://www.cdc.gov/niosh/conferences/TRAC/default.html

EPA Progress review on external grants on CRA — May, 2012 -
http://www.scgcorp.com/granteemeeting2012/index.htm

Alliance for Risk Assessment (ARA) — May, 2012 — non-profit effort to
advance methods in risk assessment science post as response to NAS
reports - http://www.allianceforrisk.org/ARA_Dose-Response.htm




ORD CRA Toolbox

(Appendix A of U.S. EPA, 2007b)

Example resources from the CRA Toolbox are shown in the
next few slides (from Linda Teuschler and Glenn Rice)

http://cfpub.epa.gov/nceal/cfm/recordisplay.cfm?deid=190187

Online at:

#Download

Planning, Scoping, Problem Formulation

Resource and Access

Purpose and Scope

Cumulative Risk Remarks

Lessons Learned on the
Planning and Scoping of
Environmental Risk
Assessments (U.S. EPA)
http://www.epa.gov/osa/spc/p

dfs/handbook.pdf

EPA experiences with planning
& scoping as first step in
conducting assessments;
reinforces the importance of
formal planning & dialogue
before conducting complex
assessments and provides case
study "lessons learned" for
planning.

Provides information and
feedback from the Part 1
planning guidance that offer
insights for designing and
conducting cumulative risk
assessments.

Superfund Community
Involvement Handbook,
Appendix on Community
Involvement Requirements
(U.S. EPA)
http://www.epa.gov/superfund/

action/community/index.htm

Suggests community
involvement structure,
communications and approach;
notes availability of technical
assistance grants (TAG) for
independent technical advisors
to help understand/comment on
Superfund cleanup actions.

Developed for the EPA's
Superfund program, the
information about community
involvement, including forming
community advisory groups
(CAGs), is useful for cumulative
risk assessments at
contaminated sites.




Environmental Fate and Transport

Resource and Access

Purpose and Scope

Cumulative Risk Remarks

MT3D (links to MODFLOW)
http://www.ess.co.at/ECOSIM/
MANUAL/mt3d.html

Three-dimensional transport
model for simulating advection,
dispersion and chemical
reactions in groundwater
systems; assumes first-order
decay. Can address one
chemical at a time.

Can address chemical reaction
with a loss term (information
must be input by user), but
does not track degradation
product. Heavily dependent on
extensive characterization of
setting (can be hard to get
sufficient data for all
parameters).

SWIFTIII (private)

Three-dimensional flow
(transient and steady state)
and solute transport (advection,
dispersion, sorption and decay)
in fractured porous media via
finite difference; addresses
chemical reactions with
second-order decay.

Similar to above, but can
address more than one
chemical: parent plus
degradation product(s) (chain
of two). (As above, user must
input information about each
chemical.)

Exposure Assessment

Resource and Access

Purpose and Scope

Cumulative Risk Remarks

Exposure Factors Handbook
(U.S. EPA)

External review draft (2009):
http://cfpub.epa.gov/nceal/cfm/r|

ecordisplay.cfm?deid=209866

Child-specific (2008):
http://cfpub.epa.gov/nceal/cfm/r|

ecordisplay.cfm?deid=199243

Provides extensive values and
underlying bases for exposure
factors, including exposure
duration, frequency, surface
area, inhalation rates per
activity level and age/gender,
as well as ingestion rates,
including for incidental soil
ingestion and by food type,
based on age and gender. To
address factors unique to
children, a child-specific
handbook is also available.

Strong compendium of values
for exposure parameters that
can be used to identify those
most appropriate for a given
site/setting (across age groups,
gender, regions, and more).
Can be used to assess multiple
pathways

and activities/intake rates
associated with multiple
chemicals.




Some slides showing SRA Course Material

* From Glenn Rice, Linda Teuschler

Analytic Steps in Chemical Cumulative
Risk Assessment (U.S. EPA, 2007)

Generate chemical list

Identify links between
chemicals and
population

Quantify population Quantify dose-response
exposures and form relationships and form
exposure groups toxicity groups

Integrate exposure and dose-
Adapted from U.S. EPA (2007) response groups, refining
exposure and toxicity
assessments

Risk Characterization




Exercise 1: CRA Initiating Factors, and
Forming Exposure and Toxicity Stressor

Groups

« Articulate initiating factor for a CRA
» Construct exposure scenarios
» Assign chemicals and other stressors to exposure

scenario groups

* Organize chemicals and other stressors from the
exposure scenario group into common toxicity

groups

Exercise 1: Overview

We will assign each group a single exposure group

Example:
Group Exposures by Different Media, Same Time

1) Select an initiating factor (refer to slide 2)

1) Routine PCB fish advisories for local river, drinking
water odor and taste issues and excess
gastrointestinal ilinesses raise concerns for elevated
contaminant concentrations

2) Construct exposure scenarios for your group’s
exposure group; indicate route, media, human activity

related to exposure and time frame (refer to top of
slide 4)

2)
*Drinking Water: Daily exposure via ingestion and
showering (dermal, inhalation)

«Fish: Daily exposures via local fish consumption

3) Assign stressors to exposure scenarios (refer to
slide 4)

3)
*Drinking Water: BDCM , DCA, Cryptosporidium

«Fish: PCBs, MeHg

*Not media-specific: Psychological stress

4) Organize chemicals and other stressors from the
exposure scenario group into common toxicity groups
(refer to slide 5)

4)

*Kidney: BDCM

*Nervous System: PCBs, MeHg, DCA
*Developmental: PCBs, MeHg, BDCM, DCA
*Heart: MeHg, Psychological Stress

*Lung: N/A

Gastrointestinal System: Cryptosporidium, DCA,
Psychological Stress, PCBs




Exercise 1: Your Exposure Groups & Scenarios

Exposure Group

(Same Media; Same Time OR
Same Media; Different Time OR
Different Media; Different Time)

1) CRA Initiating Factor

2) Exposure Scenarios

3) Associated Stressors

4) Toxicity Groups: Group associated stressors into toxicity groups based on similar system/organ/tissue

Target System/

Organ/Tissue Stressors

Kidney

Nervous System

Developmental

Heart

Lung

Gastrointestinal System

Exercise 2: Vulnerability Factors in a Hypothetical
Community and Risk Characterization

» Using information on the hypothetical community, your initiating
factor, exposure scenario, and list of stressors and health
concerns from the last part of Exercise #1:

— Select an effect and associated stressors to analyze

— Articulate sensitive populations, additional stressors and
population vulnerabilities

— Identify and evaluate confounding factors
— Calculate the CHI for chronic and subchronic exposures
— Calculate HQs for nonchemical stressors

— Atrticulate risk characterization including results of CHI
calculations and the implications of population vulnerability
factors, sensitivities, and diet and behavior




Exercise 2: Overview

Inputs from Exercise #1
«Initiating factor

«Constructed exposure scenarios
*Exposure Scenario Groups comprised
of chemicals and other stressors

«Common Toxicity Groups of chemicals

and other stressors

1) Select an effect and identify associated stressors

!

2) Identify sensitive populations and additional
stressors and additional factors of concern

Y

3) Identify and evaluate confounding factors

\

and subchronic chemical exposures

4) Calculate Cumulative Hazard Index (CHI) for chronic

v

stressors

5) Calculate Hazard Quotients (HQ) for nonchemical

)

HQ results

Identify implications of:
population vulnerability factors,
sensitivities,
diet and
behavior

6) Characterize Risks and hazards including CHI and

¥

7) Identify Key Uncertainties

8) Identify Risk Management Recommendations and
Implications
Exercise 2

Choose an Exposure Scenario/Effect Group of Stressors,
Identify Sensitive Populations, Health Outcomes, Other Important Stressors and

Vulnerability Factors

Exposure Exposure Hypothesized Sensitive Vulnerability Factors and

Group Scenario Populations Based on Other Stressors that Might
Stressor Exposures Impact Exposures

Toxicity Stressors Hypothesized Health Effects Vulnerability Factors and

Target for Those Sensitive Other Stressors that Might

Populations

Impact Health Risks




Risk Characterization: CHI Calculations and Vulnerability
Factors

Are all community concerns addressed, as articulated in the
initiating factor step?

What key conclusions and recommendations can be made?

— Are there specific chemicals/stressors, effects or pathways that
drive the CRA? Are chronic and subchronic results different?

— Are all relevant effects of concern considered?

— Are there apparent impacts from nonchemical stressors to
consider? Are any of these confounders?

Do the CHI values adequately cover sensitive populations?

— Are there sensitive populations of concern?

— Are there that could help
the sensitive populations?

What are the key uncertainties?

Example Risk Characterization Issues:

CHI Calculations and Vulnerability Factors

The initiating factors: elevated contaminant levels, fish advisories for PCBs, and concerns
over drinking water. BEING ADDRESSED

The oral route is most important in the CHI.
Psychological stress is an important nonchemical stressor.

DCA, a disinfection by-product, appears to drive the CHI. Water ingestion is pathway of
concern (not fish consumption).

Cryptosporidium exposures are also important and exposures in well water need to be
mitigated.

DCA: neurotoxicity & developmental toxicity. Thus, concerns for co-exposures of MeHg and
PCBs in fish.

Because alcohol abuse is identified as a confounder of MeHg effect on 1Q deficit, we cannot
be sure how much of the effect is directly attributable to MeHg unless we have a study that
statistically adjusts for the confounder.

Community programs to help deter teenage pregnancy and offer prenatal care should lower
developmental risks.

Uncertainties: precision of the exposure estimates and reference values; and relevance of
reference values to the effects of concern.




