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® Focused on producing high quality, The range of tailored support §
e transparent, consistent, and activities, modules, and applications | ©
< . L : =
< scientifically defensible assessment | developed to address the requests | 2
§ products to meet EPA’s diverse from EPA program and regional >
4 statutory and policy needs. offices, states, and tribes for S
o . . N

*Priorities come from Congress and EPA program offices; tEChnlcaI Support and ConSUItathnS.
peer reviewed by groups such as NAS, SAB, CASAC.




< EFPA Research Area | — Science Assessment Development

* Largely comprised of the portfolio of assessment products developed under well-
established product lines yet maintains the agility to produce emerging fit-for-purpose
assessment products as requested by Agency programs and regions.

1.1 Portfolio of interim assessment products to support decision-making

1.2 Portfolio of final assessment products to support decision-making




7 EPA Research Area | - Science Assessment Development

Integrated Risk Information System

A

Integrated Risk Information System

* Dig deeper at https://www.epa.gov/iris

* Provides scientific evaluation of potential adverse health
effects that may result from exposure to substances
found in the environment.

® Dig deeper at https://www.epa.gov/isa

® Concise evaluation and synthesis of the most policy-
relevant science supporting the primary (health-
based) and secondary (welfare-based) National
Ambient Air Quality Standards

Provisional Peer-Reviewed Toxicity Value Assessments
Other Targeted Assessments .

® Part of the EPA’s PFAS Action Plan, .
developing final toxicity assessment for
perfluorobutane sulfonic acid (PFBS), a
replacement chemical for PFOS cobatt ™™ Ganagium

Trimethylbenzenes TPHs .
Tungsten o o PCBSA b ric acid

Dig deeper at https://www.epa.gov/pprtv

Provides hazard and dose-response assessments for
priority chemicals for Superfund and RCRA programs

Tox Data Availability



https://www.epa.gov/isa
https://www.epa.gov/iris
https://www.epa.gov/pprtv
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\e’EPA \\_Research Area 2 - Science Assessment Translation

* Includes the range of tailored support activities, modules, and applications developed to
address requests for technical support and consultation based on HERA assessment
product applications and risk assessment issues, or requests through the ORD Superfund

Technical Support Centers (TSCs).

2.1 Technical support to EPA regions and states through the STSC and ERASC

2.2 Core translational research modules for expert technical support
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Output 2.2

Core translational research modules for expert technical
support

Technical support to regions and states and
Translational Research Modules for expert support

Emma Lavoie
CPHEA/IO

Output Lead: Emma Lavoie




\eIEPA Technical Support Centers

—

® Superfund and IRIS hotlines

— Address regional questions translating existing
assessment science or filling gaps such as:
* Potential for risks by other exposure routes

* Understanding if new science influences risk

® Ecological Risk Assessment

— Provides technical reports to support ecological risk
assessors

—E.g., “Separating Anthropogenic Metals Contamination
from Background: A Critical Review of Geochemical
Evaluations and Proposal of Alternative Methodology,”



Recent Highlights of Program Office Support

PCB Exposure Level Estimation Tool

GenX Chemicals Human Health Assessment
Lead and Copper Rule

Hazardous Air Pollutant listing and de-listings
Risk Technology Reviews

Bench Mark Dose Modelling Support

Broad support for TSCA:

* Toxicology

* Epidemiology

* Modelling

* Statistics

* Systematic Review



Developing workflows

Project Sites  ~ PPRTV ~ IRIS Progr.

i Ris Project Online

General Program Support

Dashboard Click HERE for the General Program Support SOP
All Tasks

Documents

OneNote Project Summary

Support Request Form

Support Request Summary )
Congratulations,

We're all done!

OIRIS

Dashboard

All Tasks

Calendar

Decisions

Documents

OneNote

Restricted

Support Request Form

TSCA Next 20 Risk

Evaluation Support — March

2020

# EDIT LINKS

Project Online Project Sites  ~ PPRTV =

TSCA Support

IRIS Program

Welcome to the TSCA Support Sharepoint

Have questions or comments on this site? Email soto

+ Guidance for Data Extraction of animal studies
» Guidance for Data Evaluation Distiller Form (An
« Guidance for Data Evaluation of Epi studies av3
« Epi Extraction Template - example available HE
+ Epi review additional information available HER
« Epi prioritized study list available HERE

« MARCH 2019 - updated Epi QC list HERE

Links to TSCA Problem Formulation Documents

« Asbestos

« 1-Bromopropane

» Carbon Tetrachloride
= 1, 4 Dioxane

Process for Program Support (including TSCA Requests)

ic Bromide Cluster (HBCD)

Documents

L "

There are 4 ways a request could come to CPHEA from the program offices:

1) Areqguest may come from senior or division director management when they n

particular expertise for a chemical and the request is directed to CPHEA directo

2) Program office staff knows an expert in CPHEA and sends a discrete task/reque
staffer

3) Requests that come from OSAPE (ie, action development or agency review)

an e~ I A 1 £

o R Y T T

o oy
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TSCA Risk Evaluations

® Expert support for first ten risk
evaluations

® Applying systematic review
experience to innovate the workflow
for systematic review contributing to
TSCA scoping documents.

® There will be ongoing demand and
it will require responsive strategies
and workflows.

¢ Reflection on program support
activities and modifying approaches
for continuing improvement

o ¥ United States
N’ EPA Environmental Protection
\’ Agency

Environmental Topics

Assessing and Managing
Chemicals under TSCA
Home

How EPA Evaluates the Safety
of Existing Chemicals

Prioritizing Existing
Chemicals for Risk Evaluation

Risk Evaluations for Existing
Chemicals Under TSCA

Current Chemical Risk
Management Activities

Assessing and Managing Chemicals under TSCA v (7) (@) @

Laws & Regulations About EPA Search EPA.gov

CONTACT U

Application of Systematic Review
in TSCA Risk Evaluations

The first document below, EPA’s Application of Systematic Review in TSCA Risk Evaluations, will guid
the Agency’s selection and review of studies and provide the public with continued transparency
regarding how EPA plans to evaluate scientific information. Read the Federal Register

notice announcing the availability of this document. EPA's approach to systematic review will be
available for comment until August 16, 2018 in docket EPA-HQ-OPPT-2018-0210.

EPA’s initial work on systematic review was described in the supplemental files for each TSCA scope




o | Topic 2 - Advancing the Science and Practice
EPA of Risk Assessment
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Advancing the Science and Practice of Risk Assessment

Essential Assessment and
Infrastructure Tools

Focused on incorporating new and Supports maintenance and development

i ealy YoJeasay

innovative methodologies in predictive of new and existing tools and databases
toxicology, rapid evidence evaluation, used in the assessment process and
systematic review, and toxicokinetic and provides training on such tools and
dose-response modeling across a resources to stakeholders

landscape of decision contexts and
assessment products

12



o | RA 3 - Emerging and Innovative Assessment
\"IEPA Methodologies

® Focus on increasing transparency and reducing uncertainty in assessment science and
conclusions, and accelerating the pace of assessment development
—enhancing hazard identification,
—expanding the repertoire of dose-response methods and models,

—characterizing the utility of emerging data and new computational tools as applied to risk
assessment

® Focus on evaluating and optimizing integration of existing, new, and emerging data streams,
techniques, models, tools, or other methodologies for practical implementation in
assessing human and environmental health.

® Both interpretation of new data streams and improvements in the assessment of traditional
data are needed and are complementary in supporting Agency decision making.




RA 3 - Emerging and Innovative Assessment
PA Methodologies

o
M

3.1 Advance, translate, and build confidence in the application of new approach
methods (NAMs) and data in risk assessment

3.2 Conduct case study application of rapid assessment methodologies to inform
parameters of interest to risk decision contexts

3.3 Evaluate and develop improved methods for dose extrapolation and the related
uncertainty characterization in human health risk assessment via classical methods
and integration of pharmacokinetic models

i1l

3.4 Advance methods for systematic review, including evidence integration

3.5 Advance methods in dose-response modeling with application to risk
assessment
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Output 3.1

Advance, translate, and build confidence in the application of new
approach methods (NAMs) and data in risk assessment

Overview of Strategy and Implementation of New Approach
Methods (NAMs) in HERA

Luci Lizarraga
CPHEA/CPAD

Output Lead: Luci Lizarraga




Problem Formulation

EPA programs and regions are tasked with addressing potential hazard(s) to human health and
the environment of chemicals with varying hazard and dose-response databases for several risk

decision contexts
Integration of NAMs in chemical assessments can be useful and should be considered in a fit-for-

purpose manner starting with a high level decision gradient:

- Data-poor chemicals NAM may be a driver

- Data-rich chemicals NAM fills a data gap

NAMs currently being integrated or evaluated for application in HERA include:

* Read-across

* Transcriptomics

* |n vitro bioactivity

Other NAM-related efforts - transparency principles of systematic review and integration of
toxicity pathway (e.g., AOP or MOA) information are also paramount

16



Advancing the practice and application of read-across in human

health risk assessment

Read-across has been routinely applied to support
screening-level quantitative assessment of data-
poor chemicals within the Superfund program

A revised read-across methodology is proposed,
incorporating past experiences, scientific advances
in the field of read-across and the use of NAM
data and tools

These efforts will continue to address data gaps
for chemicals of interest to the Superfund and
other Agency-wide activities, and will expand the
scope and decision context of read-across
applications within HERA

PROBLEM FORMULATION
Define risk decision context and acceptable level of uncertainty

I

SYSTEMATIC REVIEW FOR TARGET CHEMICAL PROFILING
Conduct comprehensive literature review and profiling of target chemical

Adequate information
on target chemical?

Use target-specific
information

READ ACROSS PROCESS

Identification of candidate analogues based on:
1) structural similarity; 2) toxicokinetic/toxicodynamic properties; 3) group membership

:

Evaluate Analogues by Weight of Evidence

| Screen and refine pool of analogues |

v

Assemble evidence for target and analogues and address data gaps with NAMs |

v

| Select suitable analogues based on WOE analysis |

v

Characterize the Endpoint
Adopt endpoint from source analogue(s) and select confidence descriptor

17



Integrated approach for evaluating metabolism data gaps

 Understanding the potential role of metabolism in the
detoxification/bioactivation of xenobiotics is critical for chemical hazard
evaluations but information in humans or experimental animal models is only
available for a number of well-studied chemicals

A combination of NAM tools developed under CSS will be explored to
characterize metabolism profiles and fill data gaps

e (Case studies will demonstrate the utility of these tools to inform chemical
assessments, including their potential application in read-across

18



Integrated approach for evaluating metabolism data gaps

Workflow incorporating metabolic information to evaluate analogue suitability in read-across

* Metabolism profiles for 32 > &

chemicals (including chemicals

being eva-Iuated for ref’;\d— seetonof proc o argeed |=:>
across) will be determined by read-across case E> in vitro hepatocyte :> ot

aggregating data from multiple ﬂ
sources. Is there concordance
between in silico, in

vitro to in vivo TK YES Apply to

1) Insilico predictions using commercial and - T — I:> read-across
: . - of concept substances substances
publicly available software tools
2) In vitro metabolism and subsequent
analysis via high resolution mass
spectrometry (RMS)
3) Invivo literature review

study substances

 This work will be used to enhance the Generalized Read-Across (GenRA) approach developed under CSS
19



o EPA Application of transcriptomic data in qualitative and
7 quantitative risk assessment

* Previous work has demonstrated concordance between point-of-departure (PODs) derived
from transcriptomics data with those derived from apical adverse outcomes

TOXICOLOGICAL SCENCES 120010, 194205 (2011)
dot: 1001093 floxsci/kfg3ss
Advance Access publication November 2

TOXICOLOGICAL SCIENCES, 157(1), 2017, 8599
TOXICOLOGICAL SCIEN

doi: 101093/ toxsci/kft
Advance Access publi

S(\m | cﬂﬁ:nhi n:

Appl OXFORD WY Toxicology and Applied Pharmacology 380 (2019) 114706
Contents lists available at ScienceDirect
Rus Tempo
Toxicology and Applied Pharmacology
Applicatic
Russell 5. Thor l journal homepage: www.elsevier.com/locate/taap
Ila Cote,f Longlc Identiﬁca-l
Relevant’

The use of evidence from high-throughput screening and transcriptomic )
Utilizatior data in human health risk assessments Gl

Roman Mezencev', Ravi Subramaniam

Jetfry L. Dean,
Integrated Risk Informarion System (IRIS), Nodonal Center for Emaronmerntal Assessment, Office of Research and Development, ULS. Environmentol Protection Agency.

RUSSE].]. <. ThD Washingron D, Unined Stares of America



Application of transcriptomic data in qualitative and
quantitative risk assessment

Ongoing proof-of-concept case studies will explore the use of gene expression data to
inform mechanistic insights, qualitative hazard conclusions and dose-response
assessment to support HERA-related assessment products:

1. Use Gene Set Enrichment Analysis to identify relevant molecular pathways in the

response to chemical mixtures to inform dose-response addition or sufficient similarity
in mixtures risk assessment

2. Development of models for predicting genotoxicity and carcinogenicity integrating

gene expression data and bioactivity data from EPA’s ToxCast database to inform cancer
risk assessment

21



Application of an AOP footprint approach to mixtures risk
assessment

* The lack of hazard and dose-response data for mixtures of chemicals have limited significant
progress in mixtures risk assessment

 The goal of this analysis is to identify key
event(s) within an adverse outcome
pathway (AOP) at which similarity e e . k2 Kes  [EGNY Anchorstressor
between mixture chemicals can MIE < Ke ¢ KEI KE2 KE3 Mixture stressor,
confidently be determined. These key
events are identified as the ‘footprint’ for
a given AOP

e Case studies will demonstrate how mechanistic information (e.g., AOPs) could be used to
inform mixtures assessment applications such as hazard grouping and dose-response

analysis
Y 22



\e,EPA Advances in cumulative risk assessment across species

e HERA has made advancements in the area of

risk assessment across species by developing 3z
. g e Integrated Risk
techniques to address challenges of £E

integrating human health and ecological

endpoints into risk assessments by combining
& Confidence
the Aggregate Exposure Pathway (AEP) and

w
.E * Assemble * Clarify context for interpretation * Tailor specific
AO P fra m eWO r ks b across system + Use exposures to drive risk assessment source to
= * Increase + Characterize key events outcome risk
© R * Quantify uncertainties using process models characterization
* Inform data * Facilitate integration of human health and * Leverage data
B} . . . . £aps ecological endpoints sources
* Techniques for integrating mechanistic human
health and ecological endpoint data are
. . oo . Intesrat
designed to inform specific use cases or site- :
Al R 8 ) *Contaminant *Health -E *Media «ADME *Human
S p e C Ifl C C U m U | at I Ve rl S k a SS e SS m e nt a C rO S S § ?hurce?s | ;ffe(l:ts - .R:E;);:xgrcsroutcs concentrations  ,\[[E «Ecological
. . *Chemica *Ecological 10 oom & *Receptor «Adverse
m U |t| p I e S p e CI e S speeies sz Transformation behaviors outcomes

Jarabek and Hines, 2019, Current Opinion in Toxicology, 16:83-92 23



Closing remarks

NAMSs can assist in accelerating the pace and transparency of chemical assessments across
a landscape of decision contexts and hazard/dose-response database needs

Output 3.1 aims to develop, advance and build confidence in the practical implementation
of emerging technologies and data streams, clearly articulating the advantages, limitations
and uncertainties in the application of these approaches

Involves coordination and collaborative research efforts between scientists within the
HERA and CSS National Research Programs

Integration of NAMs to support assessment products and technical support efforts within
HERA to meet the chemical assessment needs of EPA partners and stakeholders

24
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Output 3.2

Conduct case study application of rapid assessment methodologies to
inform parameters of interest to risk decision contexts

Systematic Review Tools:
Systematic Evidence Maps (SEM)

Kris Thayer
CPHEA/CPAD

Output Lead: Luci Lizarraga




Systematic Evidence Maps (SEM)

* Pre-decisional analysis that uses systematic review methods to compile and summarize
evidence but does NOT reach assessment hazard or reference value conclusions
— Front end compilation of evidence useful for assessment products
— Publishable in journals

® Used for:

— Problem formulation and scoping
— Staff resource allocation

— Prioritization

— Need for assessment update!?

— Identifying data gaps

— Began creating SEMs in 2019, now becoming a routine analysis

27



Systematic Evidence Maps (SEM)

* Rapid preparation — weeks to a few months in most cases with experienced teams and use
of specialized software

* Use of standardized template format reduces time to prepare and review

* Highly visual with interactive displays and structured data entry that is made available to the
public

* Tailored to meet decision-making needs

* Results can be disseminated in reports, interactive data interfaces, e.g., EPA CompTox
Chemicals Dashboard

28



. Per- and Polyfluoroalkyl Substances
»EPA (PFAS) SEM

® One component of the 2019 EPA PFAS Action Plan involves the use of new approach
methods to help fill information gaps. This ongoing work involves tiered toxicity testing of a
structurally diverse landscape of PFAS using a suite of in vitro toxicity and toxicokinetic
assays

® One goal is to use existing in vivo toxicity data to infer (read-across) missing information
for a similar PFAS target (similarity starting point is “structural similarity”).

® PFAS SEM conducted to help identify in vivo data

In vivo data exist

Step 0: N Step 1: Select Step 2: Select Step 3: Select Step 4: Select Step 5: Select

Characterizing th substances from substances from substances from substances from substances from
PFAS library categarles ofgreatest /" categories of interest to ing categories categories of interest remaining
J interest to the Agency the Agency wlth in vivo data to the Agency categories

No in vivo data exist

Step 0: Step 1: Select Step 2: Select Step 3: Select Step 4: Select Step 5: Sele:t\
Characterizing the substances from substances from ubstances from D‘ 5“*’“? nces.from substances from |,
PFAS library categories of greatest categories of interest to / remaining categon categories of interest e
interest to the Agency, the Agency with in vive daza to the Agency categories /

29



PFAS SEM Methods

® Use information from the Chemicals Dashboard to create higher throughput methods to
search for hundreds of chemicals at a time (new semi-automated processes)

® Search journal databases (PubMed,WoS, ProQuest) and grey literature from Chemicals
Dashboard ToxVal database and manual searches for additional studies

® Create interactive literature inventories to show landscape of studies

® Conduct full data extraction and study evaluation on animal toxicology studies of repeat
dose, developmental or reproductive design

® Publish report + make information accessible via Chemicals Dashboard.

® A related analysis is focusing on the epidemiological data (likely will be journal article)

30



o - Example PFAS SEM Literature Inventory:
g EPA > Animal Studies

ReadMe | Animal Studies | Human Studies

Toxicological Studies Examining Exposure to PFAS by Study Design and Health System

Heat Map References
acute short-term developmental, F1 n 3M (1999) 0 A
mouse rat guineaplg rebbit dog hamster notrepo. mouse rat not repo..  mouse rat rabbit notrepo.. Anand et al. (2012) 0
Cancer A Apollo scientific Ltd, (2019) (ECHA summ.. &)
cardiovascular 3 4 T 4 Bodin et al. (2016) (2]
Dermal 1 2 z Bomhard and Loser (1983) (2]
Developmental 3 1 Caseetal. (2001) (7]
Reproductive 4 1 3 covance Laboratoroes (2000) (7]
Endocrine 5 DuFont (1990a) Qv
Exocrine 1
Gastrointestinal X 7 g Chemicals Evaluated - by Name
Hematologic ° 1-But Ifonic acid, 1,1,2,2,3,3,
-Butanesulfonic acid, 1,1,2,2,3,3,..
Hepatic 1 1 1 = 1
pa - - 1H,1H,2H-Perflugrocyclopentane
Immune 4 3 4
L hatic z 1H,1H,5H-Perfluoropentanal
ymp ) 2-Chlorg-1,1,1, 2-tetraflucroethane
Metabolic s : 3 3-Methoxyperfluoro(2-methylpent.
Musculoskeletal/Connect.. 7 2 pent..
3,3.4.4.5,5,.6.6,6-Nonafluorochexens
Nervous 2 6 - &
Ocular 1 3 4 2l Chemicals Evaluated - by CASRN
o . - - .
Respiratory 1 D 2 g 76051 A
£ > 307-35-7 1
- . ) . . 335273 2
Motes: Column totals, rowtotals, and Grand Totals indicate total numbers of distinct references. Some ECHA studies sources may be counted as multiple references inthese counts, based on how data
ware reportad in the dossier. Care was taken during categorization and extraction toensure that endpoints were not repested from overlapping ECHA summaries. 335999 2
338-83-0 1 g
Study Details Chemicals Evaluated - by DTXSID
Health System Study Design Route Species Sex Short Citation DTXSID0036926 A

2
Cancer chronic inhalation rat both Haskell Laboratories (1995) ~ DTXSIDOOS9372 1
Malley et al. (1998) DTXSID0061826 “
Cardiovascular acute inhalation rat male DuPent (1992b) DTXSID1032646 2
dog male DuPont (19324) DTXSID1074915 [ s
Unnamed Report (1992b) (ECHA Summary) DTXSID2044397 [ s
?
<

not reported DuPont (1994) DTXSID303893%

#+ableau



https://public.tableau.com/profile/literature.inventory#!/vizhome/PFAS-150EvidenceMapVisualizations/HumanStudies

o \ Example PFAS SEM Literature Inventory:
EPA .. Human Studies

ReadMe | Animal Studies | Human Studies ‘n|

Epidemiological Studies Examining Exposure to PFAS by Study Design and Health System

Heat Map References
casa-control cohort 2M Company (2000) a J
pregrant rfznts children general pregnane infants chilgran aocupatienal general mreanane inf Aimuzi et al. (2015) a
women population women pogulation women Baoetal (2017) a
Cancar = 2 Berg et al. (2015) Q
Cardiovaseular 1 1 1 Berg et al. (2016) (2]
Developmantal _ Ejerregaard-0esen et al_ {2015) g
Reproductive 1 2 T 2 1 [ = 1IE Blake etal. (2013) (2 I
Endacrine 1 s = 1 2 2 B - — -
Hematologic 1 Chemicals Evaluated - by Name
Hepatic 1 1 1
IFmmLne 5 5 _ 1 Parfluoroheptanesulfonate 9 f
Matabolic 1 i 2 i Perfluoroheptanesulfonic acid &
Mervous _ Perfluoraheptanoic acid -
Other 1 Perfluorooctanesulfonamide
Renal i 1 1 Ferfluorooctanesulfonyl fluoride 2
Respiratary 1 1 Perflusrapentanaic acid 7 '
Systemic/Whaole Body 1 -
Grand Total 1 2 2 E & 10 14 2 8 5 ; Chemicals Evaluated - by CASRN
< > 307357 2 i
Motes: Column totals, row tetals, and Grand Totzls indicate total numbers of distinct references. 375-253 -
375-52-8 <
Study Details 376067 o1z
422-64-0 3
Health System  Study Design Population Maasuramant  Matrix Sax Short Citation T
Cancer cases=control general population biomonitoring  blood famale Bonefeld-Jargensen at al. [2014) o~ Chemicals Evalugted - bj" DTXSID
Ghisari et &l [(2017)
Hurisy stal. (2018) DTXSID1037303 - /
Wielsze et al. (2018) DTXSIDE038939
mals Hardell et 3. (2014) DTXSID2059921 -
cohort occupaticnal accupational - both 3M Company (2000) DTKSIDS0Z 7140 3
Dlsen v al (2004) DTXSIDG0S2559 -
cross-sectional  general population  biomonitoring bilood mala Christansan at al. {2016a) v NTYSINRNATSER “ W
< >



https://public.tableau.com/profile/literature.inventory#!/vizhome/PFAS-150EvidenceMapVisualizations/HumanStudies

<~ EP.

£

6:2 Fluorotelomer Alcohol and
Developmental Effects (Offspring)

Endpoint Study nimal Description Routs Exposurs Duration  Obesrvation Tims
Body Welght, Fetal GrConnar et al. 2014 F1 Rt Sprague-Dawley (CriCa (50)) (£2) oralgaage G062 e O'Connor et al. 2014 / Oral One-Generation Reproductive Toxicity Study / F1 Male and Female Sprague-Dawley Rats / Pup
Dead Fefuses O'Comnor el al. 2014 1 Rat, Sprague-Dawley (CriCd (5d)) (32) orRlgasge GDE- ch2 Mortality
Eye Opening Urrmed Report (20130) (ECHA Summarny) 71 kouwse, C0-1(52) aralgamge  premating-laciation D2 L ] Study  Ewmeiment  AnimalGoun | Endooit
Fetus O PupNeonzz, Small Unramed Report (20130) (ECHA Summary) 71 Mouse, 01 (52) orzlgasge premaEbhg-lEciEton LDOH —
‘Endpoint name Pup Moraiy
Fetuses, Lie OrConnor et al. 2014 F1 Rat, Sprague-Dawiley (CriCd (5d)) (&) oralgaage GDE20 GoA F—— FE—
Fromtal, Incomplets Oesication CrConnor et al 204 F1 Rt Sprague-Dawlsy (CriCd (34)) (S2) oralgaege GDEX eo2 Orean Whoie Body
ezt Sunival
Inferparietal, incomplete CssMication OrConnor et al. 2014 F1 Rat, Sprague-Dawiley (CriCd (5d)) (S&) oralgaage GDE20 GoA = P— -
Lactation Ino=k Unramed Repart (20130) (ECHA Summary) 71 Mouse, CCO-1(52) orzlgaege  premaing-lzciston LD 41 _— Disanosts dssariton e e
CrConnor et 3l 2014 F1 Rat, Sprague-Cawley (Cricd (34)) (52) oralgasge 704 w2 1 =1
premathg-fernination Deis repariea? A
Lisers Wit Fetzl Alieratns OrConnor et al 2014 =1 Rt Sprague-Dawlky (CriCd (34)) (32) oralgamge SDEX a0 :’T“‘“‘“‘” v
— -
Lie Pups Bom Unramed Report (20130) (ECHA Summary) 71 Mouse, 01 (52) orElgaege premahglaciEton LDO _— g wsture Tane 4
OrConnor et al 24 71 Rat, Sprague-Dawley (CriCd (3d)) (S2) oralgaage T0d (I 3] oo TR o s e g
premating~ermingtion
WOAEL 25 mgagroay
Lier, Ciscolarsg Lnramed Repart (20130) (ECHA Summary) 71 Mowse, CO-1(52) orzlgasge  premaing-lzciston LDDM -— coaeL p—
125 mgig-aay
Mo, of Pugs Som OrConnor et al 2014 F1 Rat, Sprague-Dawly (Cricd (54)) (38) orelgaege 704 Lo
premating-Sermination —— -
Biafistionl test desoriplion Dy ANCVA, Soliowed oy Dunmetls test
Nursing Bahadar Unnamed neport (20050} (ECHA summary)  F1 Ral, CreCD(sD) (3 2) oralgavage 14d(prematihglD3) PHD4 —— —
Paristal, incomplets OesMcation O'Cormor ef al. 3014 71 Rat Sprague-Dawley (CriCd (S4)) (F3) orslgamge GDEZ0 &sDH Resulls notes “There were seststically SORcan: eftscs on Iimer paramerers o 125 and 250 moAgiday 5.2 FTOH (Tasle 41. At 250
mgiqidiay, She viablllyy and lactation Indices wene both seatistically significantly reduced companed %0 She conrol
™ = 1% m T =
Pz, E5enium Incompletely Cestied CrConnor et 3l 2014 F1Rat Spragus-Cawley (CricCad (34)) (52) oralgae=ge G060 a0 R T S S 0 o 1 Com o e S 0 e eeton s v sy
Pz, Pudls ncomplkeely Cesited CrConnor et al 204 F1Rat Spragus-Cawlsy (CriCd (34)) ($2) oralgamge GDE fnl| e o e
ug Wanzny O Commor el 3L 2014 F1 Rat Soragus-Daw (CriCH (ST (S3) erslgamge T0d w1 e oy o L0, sl s s s
g - A el et e st
reduced Sroughout The entire laciation period, with an inceasse In the magnitude of the weight loss as Iactation
w7 SgoEnent mEmAT-reed £t D25 - - Ercgreases 0 L)1 meam s weghts wen 2% ke o e Sam grous. O LD 22, e s welgnes were
5% T L A2 125 ooy s Tics mcar:
A tresiment relsied Inorezse 1DES = N 25 o 5 e 10 ol g o L5 15 0 53 1B, B WS 1L 1 PO (D
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<v EPA Moving Forward

® Experience with SEM for 100+ PFAS was encouraging, so we are pursuing efforts with a
larger set of PFAS.

® Make findings available in Chemicals Dashboard via ToxVal module and links to the SEM
report and HAWC page

® SEMs have become a routine component for IRIS and PPRTV assessments
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Output 3.3

Evaluate and develop improved methods for dose extrapolation and the
related uncertainty characterization in human health risk assessment
via classical methods and integration of pharmacokinetic models

A Template Approach for Rapid Evaluation and Application of
PBPK Models

Amanda Bernstein
Oak Ridge Institute for Science and Education (ORISE)
CPHEA

Output Lead: Paul Schlosser



PBPK Model

(Wikimedia Commons)

Chemical engineering
applied to a
biological organism

—)

Model parameters are
based on anatomy,
physiology, and
biochemical properties.

Venous Blood

Q,

Rest of Body

poo|g |elaly
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https://en.wikipedia.org/wiki/File:WholeBody_wiki.svg

- EPA Motivation

e PBPK models reduce A
the uncertainty in risk PBPK —
assessment.

e Does the computer

implementation match Published Paper Quality Assurance

the published paper?
* A quality assurance
(QA) review is needed. PBPK

Computer Model
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PBPK Model Template

Oral Dose K ynabs
"""" Gut Lumen D
! 1
! kabs !
Qgi Y k¢ |
—> Gl Tract ~ p=====- @)
\Y; HE
Dose Qs i Qgi vy
> rrem LN I
ver Storage I
Qli + le *
T T e ! Fecal
| : Kidney i Excretion
3 Qi II KldneyA Tissue | !
| |
7 | VT K]
o R i ! ! kus i ku
o LIy Filtrate ~ f-mp{ OrinaY L___
) S | Storage *
Qo Rest of Body Urinary
> Excretion
4Q_ Tissue
3| Compartment 1
.
[ ]
< 0 1 Tissue
<3| Compartment 5

We developed a template that allows one to
quickly implement and review chemical-specific
PBPK models.

Features include:

® Oral and IV dose exposure routes

® Saturable resorption in the kidney filtrate
® Plasma protein binding

¢ Multiple basic tissue compartments

®  Fecal elimination from either the Gl tract or the liver
(bile)

®  The unabsorbed fraction from oral exposures is
passed to feces

®  Fecal and urinary storage compartments

®  Constant or changing body weight
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<vEPA Case Study: PFHxS PBPK Model

Oral Dose
“"’I Gut Llumen
Oral Dose
- Gut Lumen wir Kabs ke
- H v —> Gl Tract  p====== -
We implemented 4 Fabs . vose T i
v | B  GlTract pF=-==-- - -
the PFHxS PBPK Dose ~ G'Tf“:t 3 "_; Liver
c === Fecal == =—=—=—======= -
mOdel Of Klm et l‘__’ Liver Excretion ! Kidney i Fecal
M | Y . . Excreti
al. (2018) using T ey W ey Tisse |
| I ! T, Koo !
the template and "‘,'_r’ Kidney Tissue | ! ! 1 - :kust’ Urinary | e
! o o Filtrate - ==
the pUb||Shed £ | ?Tm'Kt | £l ! Storage | |
Lol Filtrat 2y Urinary & [ %
pa ra m ete r B : i 1 Storage —’I Rest of BOdy Urinary
—_—— e = = ——— =1 .
I Excretion
values. 4_; Rest of Body v Ku : Tissue 1: Lung
Urinary
1: Lung Excretion : Tissue 2: Heart
: Heart : Tissue 3: Brain
: Brain
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<vEPA

Case Study: PFHxS PBPK Model

* Using the template,
we were able to
recreate some of
the published
results.

* However, the
model-predicted
concentrations of
PFHXS in the liver
were lower than the
published results,
leading us to quickly
realize that the
published model
contained an error.

Conc. of PFHXS (ng/mL)

Conc. of PFHXS (ng/mL)
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S |1 R S . Corrected Flow
Q T, »
o L ""“‘ -
B a""--ﬁ .
-,
N * “'"-.,h -
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Conclusions

The model template includes sufficient features to allow implementation of
a wide range of PBPK models.

Implementation of different models only requires changing parameter
values in input files.

Using the template can allow us to quickly identify errors in PBPK models.

To perform QA review of template-implemented models, only the
parameter files will require review.
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\"IEPA RA4 - Essential Assessment and Infrastructure Tools

® Will enable the maintenance and development of new or existing tools and databases used
in the assessment process and will provide training on these resources and applications

4.1 Innovate, develop, and maintain a suite of essential software and support tools
for risk assessment

—)

4.2 Innovate, develop, and maintain a training program on the advances in risk
assessment and systematic review
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Output 4.1

Innovate, develop, and maintain a suite of essential
software and support tools for risk assessment

All Ages Lead Model (AALM)

James Brown
CPHEA/HEEAD

Output Lead: Jennifer Nichols
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- EPA Outline

» Lead (Pb) exposure and biomarkers
« EPA’'s Pb biokinetic models

« Recent AALM development

« AALM example of capabilities

« SAB peer review of AALM

« Obtaining the AALM
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Multi-media Lead Exposure

Exposure ( Air )( Diet )(Water) (Dust )( Soil )(Other) @IaternaD

Pathways

|

Intake™
(g Pb/day)

Media Intake Rate (e.g., liters water per day)

Pb concentration in media (e.g., ug Pb / liter)

\ 4 Bioavailability of Pb in media
Uptake*
(1g Pb/day) Y
Infant
|| Absorption of Pb (e.g., from gut td blood) blood

* Intake rates and absorption in Gl tract all vary with age



EPA Biomarkers of Pb Exposure

* Blood Pb: most common biomarker; ~1% of Pb body burden;

>99% bound to RBC, 1% in plasma and extracellular fluid
* Generally indicates recent exposure
* Children’s blood Pb tends to be greatest in the fall season

» Half-life of Pb in blood depends on age and exposure history, can
range from days to months

* Bone Pb: accounts for ~70% of Pb body burden in children
and more than 90% in human adults

Pb is exchanged between blood (via plasma) and compact (Cortical) and spongy
(Trabecular) bone.

J Fs/

Bone acts as a source of Pb to blood and other tissues for years following exposure.
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'EPA EPA’s Pb Biokinetic Models

Biokinetic are mathematical descriptions of exposure, uptake, and disposition of a
substance in the body. These models allow for multiple exposure pathways for which
intake and absorption may vary over time and age of the exposed individual.

Integrated Exposure Uptake Biokinetic (IEUBK) model

e Estimates Pb in blood of children up to 7 years of age

* Steady state exposure that can vary by year of life

* Recommended risk assessment tool to support residential lead-related site cleanups

All Ages Lead Model (AALM)

e Estimates Pb in blood and other tissues (e.g., bone)

* Extends modeling capabilities for people up to 90 years of age
* Allows acute, transiently reoccurring, and/or chronic exposures
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Recent AALM Development

Technical Support Document

* Developed theoretical framework (2017-2019)
o Basic description of model function (Chapter 2)

o Detailed equations for exposure and biokinetics
(Chapter 2; Tables 2-1 and 2-2; and Appendix A)

* Developed parameter dictionary (2017-2019)
o Exposure and biokinetic values supported by references
(Chapter 2; Table 2-3; and Appendices B-D)

» Software coding and QA (2014-2016)
o Compared Leggett and O’Flaherty models (Chapter 4)

o Compared model implemented in two platforms (acslX,
Fortran) by ORD and OCSPP (Chapter 3)

 Model Evaluation (2016-2017)

o Assessed predicted blood and bone Pb against human
data (Chapters 3 and 4)
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<7EPA AALM Example of Capabilities

Are elevated BLL due to continued exposure?

Continuously
Elevated Intake

70 - ' ‘

60 AALM, 400 ppm soil
gy plus elevated intake
L 50
%

o Observed

Y 30

©

O 20 - .

% AALM, 400 ppm soil
10

o

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Child age (years)
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AALM Example of Capabilities

Blood Lead (pg/dL)
= N w H Ul (@) N
o o o o o o o

o

Are elevated BLL due to continued exposure?

Elevated Intermittently
1 month Elevated Intake
I-LI . 1
- AALM, 400 ppm soil
plus elevated intake
- .
Observed
| AALM, 400 ppm soil
r'_ | ] L| ] L} L| | ] )
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Child age (years)

52



EPA SAB Peer Review of AALM

Espaiiol | i @fEer | v EEEE | TEngVigt | =0

< EPA
“ A
\’ United States Emvironmental Protection Agency

Learn the Issues Science & Technology Laws & Regulations About EPA

EPA Science Advisory Board (SAB) Contact Us

You are here:
SAB Home EPA Home »» EPA Science Advisory Board (SAB) »» LookupWebAdvisory AdctivitiesCurrentSAB »» All-Ages Lead Model:

Evaluation of the Theoretical Framework and Model

Search EPA.gov Q

Basic Information

e All-Ages Lead Model: Evaluation of the
Committees, Panels, and Theoretical Framework and Model

Membership

* SAB Review Panel Meeting (Oct 17-18, 2019)
o Panelists praised EPA’s work to document the studies and data that underlie the model
o New version of the AALM as “definitely not black box”
o Urged clarifying applications and audience, suggesting it may not be well suited to some uses

* SAB Draft Peer Review Report Teleconference (Apr 23, 2020)

o “Panel recommends that the Agency’s highest priority is to make those changes, clarifications,
corrections, and edits to the model and documentation needed to allow use of the AALM 2.0
for research and additional testing”

o “Panel has described many of these actions in its Tier 1 recommendations” that should be
done as soon as possible



S EPA SAB Peer Review of AALM

Initial Responses to Review

* Developing a new respiratory module
o Bimodal aerosols between 0.001 and 100 pum
o Male or female children, adolescents, and adults
o Three activities (sitting, light and heavy exercise)

* Developing simplified documentation
o Good for modelers, but not general users

* Developing training materials
o Providing training on request
o Considering webinar or video materials

* Considering example runs for users
o Steady state exposures from multiple pathways
o Intermittent exposures from multiple pathways
o Create plausible exposure histories
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<#EPA . Obtaining the AALM

-

G@?x gle epa aalm X Q

Q Al B News [ Videos [&Images § Maps i More Settings  Tools

About 11,700 results (0.28 seconds)

cfpub.epa.gov » ncea » risk » recordisplay ~

All-Ages d Model (AALM), Version 2.0 (External ... - EPA
Sep 24, 201 Ised on the findings of the 2005 SAB Review, the 2019 AALM Version 2.0
extends the EPA's modeling capabilities to estimate lead in blood ...

yosemite.epa.gov » EPA Science Advisory Board (SAB) ~

All-Ages Lead Model: Evaluation of the Theoretical ...

The U.S. EPA requested the SAB to conduct a peer review of the All-Ages Lead Model (AALM).
The Agency's Office of Research and Development (ORD) in ...
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= O
E, All-Ages Lead Model (AALM), Ve X -+

& & @ cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=343670 & Q@ v B O e
=t Apps P Member Access - St... Imported From IE % Remaote Access Sig... & One EPAWorkplace % Contracts and BPAs.. @ HERO

2 United Sta:etal —
‘,EPA ;;;I;g;ml}'l 3l Freesnon
Environmental Topics Laws & Regulations About EPA Search EPA.gov Q

Contact Us

Related Topics: Risk Assessment | Integrated Science Assessments

All-Ages Lead Model (AALM), Version 2.0
(External Review Draft)

Dverview History Motices/Qutreach

This download(s) is distributed solely for the purpose of pre-dissemination peer review under Federal Register
applicable information quality guidelines. It has not been formally disseminated by EPA. It does not Notices

represent and should not be construed to represent any Agency determination or policy.

« SABFR: Sep 24, 2019

* Technical Support Document for the All Ages Lead Model (AALM), Version 2 -- Parameters, Equations,
and Evaluations (External Review Draft) (PDF) (333 pp, 4 MB, about PDF)
* Users Guide for the FORTRAN Version of the All Ages Lead Model (April 2019)_(PDF) (20 pp, 785 KB,

about PDF
* AALM Software, Version 2 (ZIP) (3 MB, about ZIP)

* AALM Peer Review Charge (PDF) (1 pp, 75 KB, about PDF) James S. Brown
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Output 4.1

Innovate, develop, and maintain a suite of essential software
and support tools for risk assessment

Health and Environmental Research Online (HERO) and
Health Assessment Workplace Collaborative (HAWC)

Jennifer Nichols
CPHEA/HEEAD

Output Lead: Jennifer Nichols
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H ERO Health and Environmental
Research Online

Database of more than 7 million scientific studies and references used in

developing reports and assessments that support critfical Agency decision-
making.

Assessment teams Stakeholders (Program offices, panels,
public, efc.)

« Assistance with literature identification « Access to Project Pages that have

« Organization of references on Project been made public
Pages (customizable tagging to track « Universal access to bibliographic
references) details for references cited in a

« Mechanisms for PDF acquisition and scientific assessment or report
storage « Limited access directly to PDFs for

« LitCiting to provide accessibility 1o select internal users and panels
scientific references via in-text links (copyright law applies)
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H ERO Health and Environmental
Research Online

Where is HERO being used?

EPA Products Program Offices

« Integrated Science Assessments (ISAS) « Office of Chemical Safety and Pollution

* |RIS assessments Prevention (OPPT, OSCP)

« PPRTVs « Office of Air and Radiation (OAQPS, OTAQ)

« Office of Children’s Health Protection

 PFAS

 Lead « Office of General Counsel

« TSCA « Office of Land and Emergency
Management

« Biofuels « Office of Water

 Enhanced Aquifer Recharge

« Various systematic reviews
59



HEALTH ASSESSMENT
WORKSPACE COLLABORATIVE

Assessment feams (currently
Epidemiology and Animal
Toxicology)

Data extraction (static fields)
Risk of Bias (customizable)
Data visualization (based on
extracted dataq)

Level of accessibility can easily
e controlled.

Modular, content management system
designed to store, display, and synthesize
multiple data sources for the purpose of
producing human health assessments of
chemicals

Risk of Bias: DEHP and i e P -

o 4 ® N = % ™ A
E Yy A% B . 4P o a P, L AP
G D . R t o"e\'.\\ o b,ﬂ""’“‘.‘,ﬂ‘ﬁ\:\;‘ 1};\ ZC\’\@ :(ff:‘& .(f‘ Y :g e 3 2(653\ ,‘Q(ﬂ‘ "’G}\o}‘*‘t‘e\ﬂ !‘e\a\ 's Zdﬁa(‘ou‘ S’
» \ ) D - s A® 0 ¢
A ” I Oden S ped® o™ o et e oo® (;aic ,s“!‘\ o e \"\“\ I A wor® oo™ 0@ ot® 1-&‘&
4 A

— 4 " A 4 I . 4 4 4 4 4 4 A 4
Was administered dose or exposure level adequately randomized? 4 NR * - - NR - - NR - NR | NR * NR - * NR L
Was allocanon 10 study groups adequately concealed? - NR | NR | NR | NR | NR | NR | NR | NR | NR | NR | NR [ NR  NR NR | NR | NR | NR NR | NR
Were experimental conditions identical across study groups? *
Were the research personnel and human subjects blinded 10 the study group during the study? 4 & NR . * NR = NR *
ete due 10 nalysis NR
we be M N the exposs izatior
n we be confident in the oul Smen
2 Legend
NA Not apphcable Were all measured oulcomes reporned?
Definitedy high risk of bias
Probably high risk of bias Were there any other potental threats to intenal validity? - - > - NIA
INR| Not reported
Control tor lmter effects -
Probably low risk of bias
Definitety low risk of blas

NAS 2017

Shapiro et al. https://hawcproject.org/static/docs/posters/2018 NAS HAWC.pdf
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HEALTH ASSESSMENT
WORKSPACE COLLABORATIVE

Current HAWC Stats (4/20/20)

» Registered HAWC users: 1,258

« Assessments (public and private): 843

» References imported or found from searches: 450,290
« Number of tags applied to references: 235,153

» Tagged references: 198,226 (44%)

« Studies with data extracted: 5,368

» Assessments with studies: 244 (29%)

» Risk of bias scores: 62,613

« Studies with risk of bias: 3,405 (63%)

« Animal bioassay endpoints: 16,686

« Animal bioassay endpoints with data extracted: 15,533 (93%)
» Epidemiology outcomes: 4,913

« Epidemiology results with data: 7,971 (100%)

* In vitro endpoints: 2,239

« |n vitro endpoints with data: 1,935 (86%)

» Visualizations: 1,328

« Assessments with visuals: 104 (12%)

Where is HAWC being used?

ORD/CPHEA

* RIS assessments

« PPRTVs

« Integrated Science Assessments
 PFAS

Office of Chemical Safety and Pollution
Prevention
« TSCA risk evaluations

Outside EPA

* National Toxicology Program
« WHO/IARC

« CalEPA

« TCEQ
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PA Output 4.1 - HERO Innovation and Development

n

A2
\ Y 4

Literature identification — e.g., citation
mapping, topic modeling

r—

)

Enable full-text search function in HERO]

[ HERO web services for online assessment

~

[Update LitCiter

[ Implement API-driven HERO interface to increase interoperability with other tools

Evidence Analysis, Synthesis,
Study Evaluation Integration, and Conclusion
Formation

Document
Production

Problem Formulation

° o

ASSESSMENT DEVELO

Systematic Review
Scoping Protocol Literature Search Data Extraction
& Screening

62



Output 4.1 - HAWC Innovation and Development

Problem Formulation

‘ Data extraction for non-health \

[BMDS integration ]

[ Integrate ontologies for bioassays

~

[ R integration capabilities

[Import/export metadata from Distiller/SWIFT

Study Evaluation

Evidence Analysis, Synthesis,

Integration, and Conclusion
Formation

Document
Production

.

ASSESSMENT DEVELO

Scoping

Systematic Review

Protocol

Literature Search
& Screening

o0

Data Extraction
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<vEPA HAWC Visualizations in Development

Literature Identification: Interactive Literature Interactive Data
Topic Modeling Tag Trees Visualizations

Q <
. o —aven Q;‘-
; @ ® resnas e st
Topic model. L Sy — oy oy ®
. - @ e
v

5l . s
. ] e
w., A :;,a.-\._"‘-‘ﬁ",;%fv‘gpv Y
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HERO HAWC

HEALTH ASSESSMENT
WORKSPACE COLLABORATIVE

To innovate, develop, and maintain sofftware and support tools for
risk assessment:

* Increased collaboration with scientists

* |Increased capacity to plan and strategize

* Increased transparency for users and the public

« Confinuing to modernize and streamline how assessments are
produced
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HERO HAWG

HEALTH ASSESSMENT
WORKSPACE COLLABORATIVE

Leadership HERO Team™ HAWC Team®
John Vandenberg Data Specialists Byron Rice
Steve Dutton Erin Vining Daniel Rabstejnek
Andrew Hotchkiss Brayndon Stafford McKayla Lein
Jennifer Nichols Talia Buenrostro
Ryan Jones Gabirielle Sullivan
Andy Shapiro
Shane Thacker Libbrarians

Danielle Moore

Hillary Hollinger

Amanda Haddock
Julie Fieldsteel
Alexander Thurman

‘The HERO/HAWC Team is, in part, comprised of student services contractors through an Oak Ridge Associated Universities contract
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Summary

HERA is committed to advancing the science and practice of assessments,
thereby increasing the confidence, transparency, and pace of assessment
products.

The approach presented in the HERA StRAP maps out the maintenance and
innovation in assessment development and translation science that will be
implemented

This best positions the HERA research program to provide assessment
products and scientific support to the Agency, while maintaining the leading
edge of assessment science.
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Office of Research and Development

Health and Environmental Risk Assessment

THANKYOU!
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