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- The timely characterization of the
human and ecological risk posed by
thousands of existing and emerging
commercial chemicals is a critical
challenge facing EPA in its mission to
protect public health and the
environment

While advances have been made in
HT toxicity screening, evaluated
exposure and dosimetry prediction
methods applicable to 1000s of
chemicals are needed

Office of Research and Development

Introduction

GIVE A DOG A PHONE
Technology for our furry friends

NewsScientist

WRERLY iox oo 25 Our

We've made
150,000 new chemicals

Tia

We touch them,
we wear them, we eat them

But which ones should
we worry about?

SPECIAL REPORT, page 34
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November 29, 2014



<EPA Prioritizing 1000’s of Chemicals
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R e rocer for Further Study

- High throughput risk prioritization relies mg/kg BWiday
on three components — high
throughput hazard characterization,

high throughput exposure forecasts, Potential Hazard
- . . Invi Wi
and high throughput pharmacokinetics Reverse

Toxicokinetics

Potential Exposure
from ExpoCast

TOXICITY TESTING IN THE 21ST CENTURY

A VISION AND A STRATEGY

Lower  \jedium Risk ~ Higher
Risk Risk

e.g. Judson et al., (2011)
Chemical Research in Toxicology

Office of Research and Development



SEPA  High-Throughput Bioactivity
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[ﬁ_ %{}b NIEHS
- Tox21: Examining >10,000 chemicals '\ L %&Y/:::r;m;;w.,
using ~50 assays intended to identify eGC O

Interactions with biological pathways
(Schmidt, 2009)

™~

In vitro Assay AC50 \

- ToxCast: For a subset (>1000) of Tox21
chemicals ran >500 additional assays 3 !
(Judson et al., 2010) S
&
- Most assays conducted in dose-
response format (identify 50% activity Concentration
concentration — AC50 — and efficacy if —_
data deSC”bed by a H|” funCt|On) lwith L>J/ncertainty
- All data is public: http://actor.epa.gov/
Concentration (uM) /

-

Office of Research and Development



SEPA In Vitro Bioactivity, In Vivo Toxicokinetics,
Er?\irti?gn?wflztr?%lProtection and Human Exposure

Agency

300
m ToxCast Chemicals
- Examined
8% B Chemicals with
8 200 Traditional Exposure
c Estimates
g M Chemicals with
O 150 Traditional in vivo TK
IS
8 100 -
g Egeghy et al. (2012):
Z There is a paucity of data for
>0 providing exposure context to HTS
data
0

ToxCast Phase | (Wetmore et al. ToxCast Phase Il (Wetmore et
2012) al. in preparation)

Office of Research and Development



SEPA High Throughput Toxicokinetics
Ervironmantal Proteton (HTTK)

O
0
Monte Carlo
= ) Combination of
o Simulation of Biological hizher exbosure
% HTTK Variability 8 P
o in vitro and sensitivities
data
High .
8 Simulated
Throughput
. Human
In Vitro .
Bioacti In Vivo
loactive Doses Populations
Concentration that are More
m Office of Research and Development ..
Sensitive
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SEPA In Vitro Bioactivity, In Vivo Toxicokinetics,
Er?\irti?gn?wflztr?%lProtection and Human Exposure
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300
m ToxCast Chemicals
- Examined
8% B Chemicals with
8 200 Traditional Exposure
c Estimates
g M Chemicals with
O 150 Traditional in vivo TK
IS
8 100 -
g Egeghy et al. (2012):
Z There is a paucity of data for
>0 providing exposure context to HTS
data
0

ToxCast Phase | (Wetmore et al. ToxCast Phase Il (Wetmore et
2012) al. in preparation)
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SEPA In Vitro Bioactivity, In Vivo Toxicokinetics,

300

250

200

150

100

Number of Chemicals

50

m Office of Research and Development

Er?\irti?gn?wfgﬁél Protection a-n d H U m an EXPOSU I"e

Agency

m ToxCast Chemicals
Examined

B Chemicals with
Traditional Exposure
Estimates

B Chemicals with High
Throughput TK

Egeghy et al. (2012):

There is a paucity of data for
providing exposure context to HTS
data

ToxCast Phase | (Wetmore et al. ToxCast Phase Il (Wetmore et

2012) al. in preparation) HTTK studies like Wetmore et al.
(2012), can address the need for
toxicokinetic data



High Throughput Exposure
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New methods for Exposure
Forecasting (ExpoCast)
currently being considered
for prioritization of chemical
testing in the Endocrine
Disrupter Screening
Program (EDSP)

Favorably reviewed by July
2014 Federal Insecticide,
Fungicide, Rodenticide Act
(FIFRA) Scientific Advisory
Panel (SAP)

https://federalreqister.gov/a/2014-12593

Forecasts

Exposure SAP White Paper

New High-throughput Methods to
Estimate Chemical Exposure

Agency/Docket Numbers:

EPA-HQ-OPP-2014-0331
FRL-9910-22

Office of Research and Development

Scientific Advisory Panel Meeting, July 2014
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_ Consensus Model Building with the
<EPA SEEM Framework
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 Incorporate multiple models into consensus predictions for 1000s of chemicals
within the Systematic Empirical Evaluation of Models (SEEM) framework

« Evaluate/calibrate predictions with available measurement data across many
chemical classes

» Analogous efforts for both human and ecological exposures

D—

Estimate
Uncertainty l

Calibrate
models

Gp—c;‘e

Inference

Inferred Exposure

Dataset 1
“ CoC Model 1 - Joint Regression on Models
Model 2 A

Evaluate Model Performance
Office of Research and Development and Refine Models




SEPA Predicting NHANES exposure rates
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) /

_1e-03~ == /’ R?= 0.5 indicates
3 = : = that we can predict
g . =// chemical to
gm_%_ = chemical variability
o : iz in mean NHANES
2 ' ; exposure rates
= ——
o ——
2 = Same five
S1e-07- .
n predictors work for
% all NHANES
8 e demographic
s groups analyzed —
,%10—09— stratified by age,
= sex, and body-

. . | mass index

1e-08 1e-05 1e-02

Predicted Parental Exposure (mg / kg body weight / day)

Office of Research and Development

Wambaugh et al., 2014



S EPA High-throughput exposure

E\g\éir:gcmental Protection h e u ri Sti c s

Number of Chemicals

Inferred NHANES .
Chemical Exposures Full Chemical

Heuristic Description (106) Library ( 7784)

0 1) L8O BT TR IR Chemical substances in consumer products (e.g., toys, personal
(a1 (o= VA N (o N IR EIRI OIS care products, clothes, furniture, and home-care products) that
use” are also used in industrial manufacturing processes. Does not
include food or pharmaceuticals.

37 683

ACToR “Chemical/Industrial
Process use with no
Consumer use”

Chemical substances and products in industrial manufacturing
processes that are not used in consumer products. Does not 14 282
include food or pharmaceuticals

ACToR UseDB “Pesticide

L Secondary (i.e., non-active) ingredients in a pesticide which
nert use

serve a purpose other than repelling pests. Pesticide use of

these ingredients is known due to more stringent reporting 16 816
standards for pesticide ingredients, but many of these

chemicals appear to be also used in consumer products

A0 1 180 TS T CRANE VR B Active ingredients in products designed to prevent, destroy,
repel, or reduce pests (e.g., insect repellants, weed killers, and 76 877
disinfectants).

TSCA IUR 2006 Total
Production Volume

Sum total (kg/year) of production of the chemical from all sites
that produced the chemical in quantities of 25,000 pounds or
more per year. If information for a chemical is not available, it
is assumed to be produced at <25,000 pounds per year.

106 7784

Office of Research and Development
Wambaugh et al., 2014



S EPA Calibrated Exposure Predictions
\’United States °
aemera eoccion - QI 7968 Chemicals

= .
o
o
=< ., 8
o 10~
£
o
S
[7p]
24 107 - Upper 95%
T Prediction
Median
I Prediction

10 100 1000
Chemical Rank by One-Sided Upper 95% Credible Limit in "Total' Demographic

—_

¢ 6-11 Year Olds * Total

Office of Research and Development

Wambaugh et al., 2014



S EPA Calibrated Exposure Predictions
\’United States °
aemera eoccion - QI 7968 Chemicals

107" -

=
©
o
o))
x~
o 1071 -
g
o NHANES
5 LoD
[7p]
S . Upper 95%
< 10"~ Predicti
n rediction
Median
: Prediction

1 10 100 1000
Chemical Rank by One-Sided Upper 95% Credible Limit in "Total' Demographic

¢ 6-11 Year Olds * Total

- We focus on the median and upper 95% predictions because the lower 95%
Is below the NHANES limits of detection (LoD)

- Dotted lines indicate 25%, median, and 75% of the LoD distribution

Office of Research and Development

Wambaugh et al., 2014



S EPA Calibrated Exposure Predictions
\’United States .
aemera eoccion - QI 7968 Chemicals

NHANElS Chemicals

NHANES
LoD

Exposure (mg / kg / day)

1 10 100 1000
Chemical Rank by One-Sided Upper 95% Credible Limit in "Total' Demographic

¢ 6-11 Year Olds * Total

- Chemicals currently monitored by NHANES are distributed throughput the
predictions

- Chemicals with the first and ninth highest 95% limit are monitored by
NHANES

Office of Research and Development

Wambaugh et al., 2014



S EPA Calibrated Exposure Predictions
\’United States .
Environmental Protection for 7968 Chemlcals

Agency
__ 107"~
'CE R RN L Ao oo
2 B
° o,

S 1074 - T -
O" ()
E [ R R
s T NHANES
‘5 ...................................................... LoD
73]
(@]
< 107-
L

1 I I I

1 10 100 1000

Chemical Rank by One-Sided Upper 95% Credible Limit in "Total' Demographic

¢ 6-11 Year Olds * Total

- The grey stripes indicate the 4182 chemicals with no use indicated by ACToR
UseDB for any of the four use category heuristics

Office of Research and Development
Wambaugh et al., 2014
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Exposure Ratio (IBER)

- Bisphenol A was active at some
concentration for 17 of 18 ER-related

I {

—_ assays
3
8 10.0- I NVS_NR_bER_ACC 0.19
‘(D NVS_NR_hER_ACC 0.20
% NVS_NR_mERa_ACC 0.27
Q : OT_ER_ERaERa_0480_ACC 1.27
% | OT_ER_ERaERa_1440 ACC 1.34
ﬁ 1 OT_ER_ERaERb_0480_ACC 0.23
g ! OT_ER_ERaERb_1440 ACC 0.25
% 01- I OT_ER_ERDERDb_0480_ACC 0.23
o I OT_ER_ERbERb_1440_ACC 0.19
- | OT_ERa_EREGFP_0120_ACC 0.33
OT_ERa_EREGFP_0480_ACC 0.52
| ATG_ERa_TRANS_up_ACC 0.03
Bisphenol A ATG_ERE_CIS_up_ACC 0.05
invitoActive 4 17 ToxCast Assays Tox21 ERa_BLA_Agonist_ratio_ ACC 1.88
Tox21 ERa LUC BG1 Agonist ACC 0.14
ACEA_T47D_80hr_Positive_ACC 0.16
Office of Research and Development Tox21 ERa BLA Antagonist_ratio ACC 13.27

Tox21 ERa_LUC_BG21_Antagonist_ ACC 1000000



EPA Integrated Bioactivity :
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Exposure Ratio (IBER)

- A mathematical model was used to
integrate all assays into a single predicted
active concentration

10.0-

v Receptor (Direct
/ Molecular Interaction)
(-\) Intermediate Process
\_/

> i
ER Receptor ’ ER Receptor 9 h

IFaa Pr ;ﬁg

gl ) S ) L

Binding 1 R1 BindirTg
(Antagonist) LAAJ Y (Agonist)
r,.‘i‘ H ER agonist pathway
Pl
LAS
\ ER antagonist pathway
* JTA 3
Dimerization ‘-fJ Dimerizatior Qj Pseudo-receptor pathway
Y 5 |
_ Yl |
01- 75 i
Cofactor (A8 Cofactor
Recruitment r_‘» Recruitment
H

ER In Vitro Assays Pseudo ACC (uM)

49 .
DNA A DNA
Binding Y {/}1(—3} ¥ Binding w
' ; 5 Gz
i r&lg RNA &;-’
Vl? E i Transcription ’ E‘%
| é\_) Antagonist ! w
[t Transcription Protein ‘7\1;[
" Al : 7 | Srpi
B |5phen0| A L_§ Suppression Production ' r\\j
i (AlS)
in vitro Active .p ER-induced
! seudo ACC i A
Concentration at Cutoff Proliferation fris
 egpd ¢

Office of Research and Development

Judson et al., in preparation
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Integrated Bioactivity :
Exposure Ratio (IBER)

- The error bar indicates the span between
the median and the minimum plausible
active concentration

10.0-

ER In Vitro Assays Pseudo ACC (uM)

%) g
L

-

o

.’r"

2

<
=
S
2
<
o

&)
v
>
~(

ER Receptor [ |

Receptor (Direct
Molecular Interaction)

(-\) Intermediate Process
\_/

& Assay

ER Receptor )
indi A Bindin,
Bmd!ng o] R1 A 8
(Antagonist) L_A“_J Y (Agonist)
r": % $ ER agonist pathway
LAS
\ ER antagonist pathway
f; i)
Dimerization ‘-,6—‘ Dimerizatior w Pseudo-receptor pathway
)y |
01 s ) |
H 9 H
Cofactor A8 Cofactor
Recruitment r_‘» Recruitment
H H

A9, .
DNA 4 Df\lA_
Binding Ja10b Binding w

H | Bt H o
A H ‘a1z
\r&lg. RNA Kﬁ;_s
) - Transcription s |
7 ! A3,

' el v
Bisphenol A E“M

in vitro Active
Concentration at Cutoff
(Median and Minimum)

* Pseudo ACC

Office of Research and Development

Antagonist
Transcription
Suppression

Protein
Production

ER-induced
Proliferation

LS

(s >
Lo

>
&S
Lo f

&

\e

Judson et al., in preparation




EPA Integrated Bioactivity :
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wET Exposure Ratio (IBER)

- Reverse dosimetry based on HTTK data
was used to predict an oral equivalent
dose that would cause the ACC in plasma

100 -

—_
]
3] - .
o for the 95-percentile, most sensitive adult
o
e
——
=]
E
QL s A
w % Prediction
S =
Q el
t I
% g Slope = C, for 1 mg/kg/day
2 8
=
T - % P
- ? |
g 3 |
O 5 L : .
ﬁ Daily Dose (mg/kg/day)
Median
B Lower 95% Predicted C,
Predicted C,
)
[}
! 8 Upper 95%
Bisphenol A = .~ Predicted C,
3 e
Dose (mg/kg/day) causin z R
~ose (mg/kgrday 9 & Pseudo ACC 5 -
in vitro Active il — o Py
Concentration at Cutoff > .
(Median and Minimum) 2 _ - 7 -
i} 7.
5| 7
o |7~ !

0 Steady-state Concentration (M) = in vitro AC50

Office of Research and Development
Wetmore et al., (2012)
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Exposure Ratio (IBER)

- Based on the ACToR UseDB descriptors
and production volume, a median
exposure for similar NHANES chemicals

|

ER Oral Equivalent Dose /
Predicted Exposure

Bisphenol A

Exposure Prediction {(mg/kg/day) :
(Median) * Mear Field

Dose (mglkg/day) causing o pseudo ACC
in vitro Active

Concentration at Cutoff
(Median and Minimum)

Office of Research and Development

can be predicted

Consumer &
Industrial Use

Industrial Use
Only

Pesticide Inert
Pesticide Active

Production
Volume

Yes
No

No
No

> 1 billion
lbs/year



EPA Integrated Bioactivity :
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Exposure Ratio (IBER)

- Due to the large uncertainty, the upper

credible interval is used

‘ 95% limit of the exposure estimate

®

8 o

O s

£ 8

g

S Consumer &
=] 0

=2 Industrial Use

© o 0.001- 1

s &M Industrial Use

o

L

Only
Pesticide Inert

Pesticide Active

Bisphenol A Production
"Pseudo ACC" ¢ Pseudo ACC Volume

Exposure Prediction {(mg/kg/day) .
(Median and Upper 95%) —*= Near Field

Office of Research and Development

Yes
No

No
No

> 1 billion
lbs/year



EPA Integrated Bioactivity :
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e Exposure Ratio (IBER)

- ANSES (2013) BPA Receipts, 200 ng/kg
BW/d (Workers) and 10 ng/kg BW/d
0.100- (ConsumerS)
2 o - LaKind and Naiman (2011) Estimated
Z 2 Exposure to BPA from NHANES data in
2 u% ng/kgBW/day):
=
2 3
w o
t_E B 0.001-
O X
1
1]
Total 35.1 25.0 2193
Age 6-11y 54 63 4984
. Age 12-19y 48 59 5169
Bisphenol A Age 20-39y* 38.5 57 6056
"Pseudo ACC" * Pseudo ACC Age 40-59y* 28.9 57 6056
e ooy oS K992 = Near el Age>=60y 273 66 84221
PP Male 39.6 38 3132
Female 31.2 12 1125

Office of Research and Development

*ExpoCast makes single prediction for Age 20-59y



ER Oral Equivalent Dose /
Predicted Exposure

Office

of Research and Development

MR

IBER Scientific Advisory Panel

(SAP)

' ' ToxCast
1 Bioactivity
I 'ITITTTITTT-TTT'tTTTh’” Converted to
t |1 I mg/kg/day with
HTTK

L
Iy |||||III|lI|||I|III|I||Il|||||||| Erpoces:

Exposure
Predictions

ToxCast Chemicals

December, 2015 Panel:

“Scientific Issues Associated with Integrated
Endocrine Bioactivity and Exposure-Based
Prioritization and Screening*®

DOCKET NUMBER:
EPA-HQ-OPP-2014-0614



S EPA Calibrated Exposure Predictions
\’United States .
Environmental Protection for 7968 Chemlcals
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__ 107"~
'CE R RN L Ao oo
2 B
° o,

S 1074 - T -
O" ()
E [ R R
s T NHANES
‘5 ...................................................... LoD
73]
(@]
< 107-
L

1 I I I

1 10 100 1000

Chemical Rank by One-Sided Upper 95% Credible Limit in "Total' Demographic

¢ 6-11 Year Olds * Total

- The grey stripes indicate the 4182 chemicals with no use indicated by ACToR
UseDB for any of the four use category heuristics

Office of Research and Development
Wambaugh et al., 2014



<EPA Gas-Phase Concentration Model
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Agency
e 73 total chemicals in model
including SVOCs! reported
from Wilke et al. (2004)

* 4 chemicals reported from
Little et al. (2012)

* 1 main physicochemical
property that model data (VP).
Other predictors include
formulation descriptors.

Acronyms:

SVOCs = Semivolatile Organic Compounds
FRs = Flame Retardants

VP = Vapor Pressure

Y. = Gas-phase concentration

Office of Research and Development

Predicted Y, (ug/m®)

1e+03 -

1e-05 -

R*2 =0.55, p = 2.4E-15

Article Categories

adhesive

* adhesive_primer

* carpet

* NA

* pvc

* resilient_flooring_linoleum

¢ resilient_flooring_polyolefine
resilient_flooring_PVC
resilient_flooring_rubber

+ sofa

1e-02 1e+00 1e+02
Reported and/or Calculated Y, (ug/ms)

Slide from Chantel Nicolas
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Chem/

~10% Far field (Industrial) Releases
Wambaugh et al. (2013)

™ Food and

Contents lists available at ScienceDirect

Food and Chemical Toxicology

journal homepage: www

odels and Better Data:

SHEDS-HT

ca/ to Chem/ca/ Var/ab

~50% Indoor / Consumer Use
Wambaugh et al. (2014)

Consumer

product database
[ e |

Development of a consumer produ
exposure screening and prioritizati

M.-R. Goldsmith **, C.M. Grulke , R.D. Brook
R. Edwards ¢, D.T. Chang*, R. Tornero-Velez *
J. Mitchell %, D.A. Vallero*, L. Phillips *, M. Ph
T.J. Buckley?, C.C. Dary*

United States Environmental Protection Agency (U.S. EPA), Office of Resear
®Student Services Contractor at U.S. EPA, RTP, NC, United States

€ Lockheed-Martin Information Technology, RTP, NC 27711, United States

4 North Carolina State University, 2200 Hillsborough St., Raleigh, NC 27695,
“QOak Ridge Institute for Science and Education Fellow, United States
fUniversity of North Carolina at Chapel Hill, Chapel Hill, NC 27514, United :
#Biosystems and Agricultural Engineering, Michigan State University, E. Lan

Egcvlgﬁcg& B lrllo nq'[l

Model for Screening-Level Assessr
Exposure to Neutral Organic Che
Xianming Zha.ng,""T’§ Jon A. Arnot,*"* and Fran

Department of Physical and Environmental Sciences, Univers
*ARC Arnot Research and Consulting, Toronto, Ontario M4

© Supporting Information

ABSTRACT: Screening organic chemicals for hazard and ri
health requires near-field human exposure models that ca
parametrized with available data. The integration of a mod
xposure, uptake, and bioaccumulation into an indoor mass b
provides a quantitative framework linking emissions in ind
ments with human intake rates (iRs), intake fractions (iFs)
state concentrations in humans (C) through consideratio
permeation, inhalation, and nondietary ingestion exposui
Parameterized based on representative indoor and a
characteristics, the model is applied here to 40 chemicals
in the context of human exposure assessment. Intake fraction
concentrations (Cy) calculated with the model based on a
rate to air for these 40 chemicals span 2 and $ orders o
respectively. Differences in priority ranking based on either i
elimination processes within the human body. The model
representative of many in-use chemicals to show how the
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SHEDS-HT: An Integrated Probabilistic Exposure Model for
Prioritizing Exposures to Chemicals with Near-Field and Dietary
Sources
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N e R K M g

IS

RO R e E e Tt A B R

ABSTRACT: United States Environmental Protection Agency -



wEPA Contracts Awarded In

United States

T December 2014

Exposure Screening Tools for Accelerated Chemical Prioritization
(ExpoCast)

- Solicitation posted May 22, 2013

- Two awardees:
Battelle Memorial Institute (Columbus, OH) and
Southwest Research Institute (San Antonio, TX)

- The EPA is interested in building models to quantitatively predict potential exposure for thousands of chemicals in
commerce. Results will be used in the ExpoCast project to evaluate, calibrate and reduce uncertainty in exposure
model predictions and for prioritizing compounds for more in-depth testing and risk assessment. To support
computational models three kinds of exposure measurement data are required:

(1) key physical-chemical properties
(2) chemical emissions from consumer products used indoors
(3) chemical occurrence in product, environmental, and biological media.

Office of Research and Development



SEPA SEEM Evolution — Human Exposure
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Agency
Model and Predictors Calibration/Evaluation Data SEEM Conclusion
R R L L e LT I -
* Existing complex fate and |
transport models have low |
correlation to measured .
exposures '
* Near field factor most I
important :
e h o mm o mm w mm % mm n e on o mm s mm s mm ke s e s s e s =  mm ke ke s s s e s = h mm ke s o s e e = s e s I
e e R R -
c | Use Categories  Simple, readily available data '
8 . * Better correlation to [
! Productlon Volume uﬁ measured exposures |
2 | S * Similar predictions across |
AN demographics ;
e e e e e e s e mm o mm s s ek e e s e s e s e e s e s ok = = s e s = s I
[ @ et e e s ek e s et s e e e s e ke e s ke e s ek k= = s et st -
i * Analysis ongoing I

. I
| /‘WWe .
i Models I
I T CPcat Database |

Office of Research and Development

3rd Gen



< EPA SEEM Evolution — Far-field Water

United States

Roemay o FroEHer Eco (fish) and Human Exposure

* Analysis ongoing

/"' IDAR EPA/USGS

water

T EXAMS- monitoring
o KABAM-BASS data and

fish conc.

SHEDS-HT Down the drain
data

Production Volume

Far-field Water

Office of Research and Development



SEPA Conclusions

United States
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- High throughput risk prioritization relies on three components — high
throughput hazard characterization, high throughput exposure
forecasts, and high throughput pharmacokinetics

- Characterize uncertainty in chemical exposures by examining the
predictive ability of models and the coverage (or lack thereof) of
critical pathways

- Upcoming analysis:

— Augment heuristics with calibrations of new mechanistic HT models for exposure
from consumer use and indoor environment (e.g., SHEDS-HT)

— Develop new data sources with additional chemical descriptors (e.g., CPcatDB)
— Should help decrease uncertainties and increase confidence in extrapolation
— Perform similar analysis for water concentrations

Office of Research and Development
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