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SEPA Introduction

United States
Environmental Protection
Agency mg/kg BW/day
* The timely characterization of the human and A
ecological risk posed by thousands of existing and

emerging commercial chemicals is a critical challenge Potential Hazard
. . .. . . from in vitro with
* High throughput risk prioritization relies on three Reverse

components — high throughput hazard Toxicokinetics
characterization, high throughput exposure
forecasts, and high throughput pharmacokinetics

(I.e., d05|metry) Potential Exposure

« While advances have been made in HT toxicity from ExpoCast
screening, exposure methods applicable to 1000s of
chemicals are needed

« With non-targeted/suspect
screening we now have the tools to
provide monitoring data greatly
beyond the “looking under the
lamp post”

Lower  \edium Risk  Higher
Risk Risk

Office of Research and Development “I'm SearChing for my
keys.”
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Endocrine Disruptor

~  Screening Program (EDSP)

e Parketal. (2012): At least 3221 chemicals in humans, many appear to be exogenous

Number of
Chemical List Compounds

Conventional Active Ingredients 838
Antimicrobial Active Ingredients 324
Biological Pesticide Active Ingredients 287
Non Food Use Inert Ingredients 2,211
Food Use Inert Ingredients 1,536
Fragrances used as Inert Ingredients 1,529
Safe Drinking Water Act Chemicals 3,616
TOTAL 10,341

So far 67 chemicals have completed testing and an
additional 107 are being tested

KRSl Office of Research and Development

DSP
Chenucal
Universe
10,000
chemicals
(FIFRA &
SDWA)

./

EDSP List 2
(2013)
107
Chemicals

©

\

" EDSP List 1

(2009)
67
Chemicals
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<EPA High-Throughput Bioactivity

Environmental Protection &

= Tox21: Examining >10,000 chemicals using ~50 \
assays intended to identify interactions with g C @NE...
biological pathways (Schmidt, 2009) s

~

= ToxCast: For a subset (>1000) of Tox21 In vitro Assay AC50 \

chemicals ran >500 additional assays (Judson et l
al., 2010) /_
= Most assays conducted in dose-response

Response

format (identify 50% activity concentration — CERER TEHET
AC50 — and efficacy if data described by a Hill Assay AC50
function) with Uncertainty

et - - — - - —

= All data is public: http://actor.epa.gov/ xoxox X XXz /

\ Concentration (uM)

NG R Office of Research and Development



YEPA  High-Throughput Toxicokinetics
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Median
Agency 4 lower 95% predicted C,,
Predicted C,,
Moo | E=2 =R | [}
B CRAN - Package httk é Upper 95%
€« [ ] https://cran.r-project.org/web/packages/httk/index.html > ” Predicted C,
2 .
httk: High-Throughput Toxicokinetics 2
K
Functions and data tables for simulation and statistical analysis of chemical toxicokinetics ("TK") using data obtained g
from relatively high throughput, in vitro studies. Both physiologically-based ("PBTK") and empirical (e.g., one ug.l-
compartment) "TK" models can be parameterized for several hundred chemicals and multiple species. These models are =
solved efficiently, often using compiled (C-based) code. A Monte Carlo sampler is included for simulating biological o
variability and measurement limitations. Functions are also provided for exporting "PBTK" models to "SBML" and
"JARNAC" for use with other simulation software. These functions and data provide a set of tools for in vitro-in vivo >
extrapolation ("IVIVE") of high throughput screening data (e.g., ToxCast) to real-world exposures via reverse dosimetry 0 ) o
(also known as "RTK"). Steady-state Concentration (uM) = in vitro AC50
Version: 1.2 . .
Imports: deSolve, msm O pe N source ln VI trO'ln VI VO
Suggests: gaplot2 . . .
Publishecd: 2015-05-11 Extrapolation and Physiological-
Author: John Wambaugh and Robert Pearce, Schmitt method implementation by Jimena Davis, dynamic . . .
model adapted from code by R. Woodrow Setzer, Rabbit parameters from Nisha Sipes ba se d TOX ICO k| N et ICS
Maintainer: John Wambaugh <wambaugh john at epa.gov>
License: GPL-3 | )
NeedsCompilation: yes Environmental Biological Inhaled Gas
CRAN checks: httk results Partitioning Partitioning | Lung Tissue |
E— | Lung Blood &W‘“
Downloads:
Kidney Tissu¢|
Reference manual: httle.pdf Eidney Bloodle-3k
Package source: httk 1.2.tar.gz
: Ay F .§ Gut Lumen §
f E Gut Blood 499-1;-'_,
3
o 14 9 e
httk” R Package Acidic T — :
o = Liver Tissue o
phospholipid, d .
iver Blood
Lead programmer Robert Pearce -
H Rest of Bod
Wambaugh et al. (2015), Pearce et al. submitted : rcitodl)
< ody Blood |

Office of Research and Development https://cran.r-project.org/web/packages/httk/
Can access from the R GUI: “Packages” then “Install Packages”
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wEPA In Vitro Bioactivity, In Vitro
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Toxicokinetics, and Exposure

300
250
200 -
m ToxCast Chemicals
Examined
150~ B Chemicals with
Traditional in vivo TK
100 - B Chemicals with High
Throughput TK
50 -
O -
ToxCast Phase | (Wetmore et al. ToxCast Phase Il (Wetmore et
2012) al. 2015)
Office of Research and Development  For non-pesticide chemical space, there is a paucity of data for

providing context to HTS data (Egeghy et al. (2012))



SEPA Consensus Exposure Predictions

United States

Environmental Protection with the SEEM Framework

* |ncorporate multiple models into consensus predictions for 1000s of chemicals within
the Systematic Empirical Evaluation of Models (SEEM) framework (Wambaugh et al,,
2013, 2014)

* Evaluate/calibrate predictions with available monitoring data across as many chemical
classes as possible to allow extrapolation

* Analogous efforts for both human and ecological exposures

D

Estimate
Uncertainty l

Calibrate
models

Inference

Inferred Exposure

Dataset 1
L Model 1 - Joint Regression on Models =
FACI @RI Office of Research and Development Model 2

Evaluate Model Performance
and Refine Models




a Chemical Use Identifies
wEPA
e —— Relevant Pathways

Agency

>2000 chemicals with Material Safety Data Sheets
(MSDS) in CPCPdb (Goldsmith et al., 2014)

2
8
= |. Predictions with High Throughput
Iz o Stochastic Human Exposure Dose
8 y , Simulator (SHEDS-HT) (Isaacs et al., 2014)
m :h. . - I.- '
<ZE T T Chemical Manufacture
I Consumer e
Z Products, Articles, \
LN B:Jci)ldll'jr:gsMal;:;.(l:‘i:TS \ Environmental
() Release
— Direct Use Residential Use T
= Apparel _ (e.g. lotion) (e.g. flooring) l \
= Auto and Tires
B Baby
= Beauty
H  Craft and Party Supply MEDIA Air, Soil, Water
m FElectronics
B Grocery
H  Health
: Home EXPOSURE Near-Field Near-Field .
Home Improvement PATHWAY . Ecological
B Patio and Garden (MEDIA + RECEPTOR) Direct Indirect
= Pets
B Sports and Cutdoors
= Toys
Ecological

RECEPTORS Human Flora and Fauna

!

RSl Office of Research and Development MONITORING Biomarkers Media Samples Biomarkers
DATA of Exposure of Exposure
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Constituents
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Weight Fraction Bin

s Low
Mid-Low
Mid-High

e High

N

‘ L

|

|
Sreaiway)d

— = R
Probability of Function — - —— — I
<0.25 e — = — = o
0.25-0.5 e — = mm 2= —_—= __
e 0.5-0.75 = - - — = — Il
8320359569 3%F L8885 5320% 5 928F %3 25
c 2 SEssTsrefitgEnslisiziids
s W8 E o5 9= W Ec 2T A E 3 P 0 A S
E 2<G62058 %o € 53 ga o
§ z:=8§ 230 > & &5 8 3% 5 <
©»g:° §E = a5 8 3 @
S 5 = i @ 0 < £
= Unfortunately CPCPdb does not G R B 23 > |5
hemical-prod E 838 g = 2
cover every chemical-product 2 g0 < £
. . . . € £ @ €
combination — using machine < 3 > 5
learning to fill in the rest g
= Functional use and weight fraction predictions for

Tox21 chemical library

o)l Office of Research and Development

Isaacs et al. (submitted)



<EPA Analytical Chemistry
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= At least two methods are typically needed to quantify concentration of
ToxCast chemicals

e Liquid chromatography (LC) and gas chromatography (GC) mass spectrometry
(MS)

= Typically would have a calibration curve to relate MS signal to
concentration

e HTTK in vitro assays designed to work using only ratios of signal, so no
calibration needed (in theory)

= Different non-targeted methods have been developed

e Can try to relate everything to signal for known standard chemical
concentration

= Different machines require different calibrations, but many aspects for a
chemical should generalize (e.g., GC vs. LC)

* Need to develop a methods database

UONe} @RI Office of Research and Development



SEPA Suspect Screening with

United States

amareen Non=Targeted Analytical

. ) - - ° Each peak corresponds to a mass
947 Peaks in an American Health Homes Dust Y\ lStnyChemical or (depending on

technique) fragments of that
compound

HO I I OH

Multiple chemicals can have the
same fragments or overall mass

1500+

1000~

Mass

500~

0 16 20 25 30 35 40 45
Retention Time Is chemical A present, chemical
B, or both?

We are now expanding our identity libraries using reference
samples of ToxCast chemicals

NN @RI Office of Research and Development

Rager et al. (submitted) with Jon Sobus and Mark Strynar



Exposure Screening Tools for
wEPA :
Eg\i’ti?gnsnﬁ%tﬁélProtection Accelerated Chemlcal
Prioritization (ExpoCast)

Agency

= Contracts were awarded (December, 2014) to Southwest Research
Institute and Battelle

= Phase | (Pilot) Examining capabilities and feasibility

Assay Unit Pilot Order Contractor Lead Researcher Lead EPA Post-Docs
High Throughput Screening-  compound 200 Alice Yau (SWRI) Chantel Nicolas and Kamel
Level Physico-Chemical Mansouri

Properties Measurement (VP,
pKa, Henry's Law, Kow)

Determine Chemical test object 20 classes of  Alice Yau (SWRI) Katherine Phillips
Constituents of products, product, 5

materials, articles (screening samples each

level)

Determine chemical emission test object 100 Anne Louise Sumner and Tom Chantel Nicolas
rate from specific products, Kelly (Battelle)

materials, articles

Screening for occurrence of sample 500 blood Anne Gregg (Battelle) Caroline Ring
large numbers of chemicals in samples

sample acquired by contractor (likely from

(biological media) Indianapolis)

iAol @RS Office of Research and Development
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Pilot 2: Determining Chemical
Constituents

Broad screening for ToxCast chemical library compounds in consumer
products. Test objects will consist of five products selected by contractor
in each of the following twenty consumer products and article of
commerce categories

Research conducted by Southwest Research Institute (Alice Yau)

1.Cotton Clothing
(new shirt)
2.Shampoo
3.Toothpaste

4. Skin Lotion

5. Vinyl
upholstery

6. Fabric
upholstery

7. Hand Soap

8. Baby Soap

9. Shaving cream

10. Lipstick

11. Indoor house
paint

12. Plastic
children’s toys
13. Glass cleaner
14. Air freshener
15. Deodorant
16. Shower
curtains

17. Breakfast
cereal

o) @RI Office of Research and Development

18. Carpet
19. Carpet
Padding

20. Sunscreen

Two Extraction
Methodologies:

e DCM and Hexane:Ether

One sample in each
category processed in
duplicate

Surrogates (s) and internal
standards (is) spiked into
each sample



<EPA

United States

Plastic Baby Toy Preliminary
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Results
Product 1 Product 2 Product 3 Product 4 Product 5

Peak Peak Peak Peak Peak
Category Number Area Number Area Number Area Number Area Number Area
Reported peaks with reviewed library
matches 98 0.0037 106 0.0018 114 0.62 67 0.42 56 0.24
Bisphenol A 0 0.0000 1 0.0000 0 0.00 0 0.00 0 0.00
Reported unknowns (>500,000) 11 0.0012 40 0.0010 27 0.20 0 0.00 1 0.00
Confirmed Hydrocarbons (n-
alkanes)* 7 0.0000 5 0.0012 20 0.01 20 0.06 21 0.08
Unconfirmed Hydrocarbons C10-C16 171 0.0008 245 0.0143 141 0.05 117 0.11 109 0.22
Unconfirmed Hydrocarbons C17-C32 - -- -- - 181 0.05 261 0.35 243 0.38
Unresolved C17-C32 2457 | 0.9942 | 1934 0.9813 -- -- -- -- -- --
Excluded unknowns (<500,000) 37 0.0001 120 0.0003 66 0.00 52 0.02 48 0.02
Excluded non-specific (<500,000) 1 0.0000 0 0.0000 11 0.00 17 0.00 14 0.00
Excluded trace (<100,000) and
similarity < 850 36 0.0000 32 0.0000 118 0.00 116 0.02 123 0.02
Excluded artifacts 1 0.0000 4 0.0000 34 0.07 16 0.02 7 0.03
Total 2819 | 1.0000 | 2486 1.0000 712 1.00 666 1.00 622 1.00

UV Ne) @RI Office of Research and Development

Results from Alice Yau (SWRI)




<EPA Pilot 4: Biomonitoring
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= Screening for occurrence of large numbers of chemicals in sample acquired
by contractor (biological media)

= Research Conducted by Battelle Memorial Institute (Anne Gregg)
= Cohort is a mixed gender and race group of adults from Indianapolis
= Sample Screening

* One extraction method resulting in two aliquots for analysis

e Two analysis methods GCxGC TOFMS and LC-TOFMS

= In addition to 200 priority ToxCast chemicals, we will look for NHANES
chemicals as reference

Yol Office of Research and Development



SEPA Consensus Exposure Predictions
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Environmental Protection with the SEEM Framework

e Better chemical use data informs models predicting exposure

e Broader monitoring data informs evaluation of those predictions

D

Estimate
Uncertainty l

Calibrate
models

/Exp;re
Inference

Inferred Exposure

Dataset 1
« oo Model 1 - Joint Regression on Models =
Model 2

Evaluate Model Performance
and Refine Models

N} @RS Office of Research and Development
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SEPA Conclusion: Exposure for High
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e Throughput Risk Prioritization

le+02 -

le-02 -

Prioritization as in
Wetmore et al. (2012)
Bioactivity, Dosimetry,
and Exposure Paper

iAok Office of Research and Development

[N

ER Oral Equivalent Dose /
Predicted Exposure

. ToxCast-derived
! ) i }

Receptor Bioactivity

” I’ITITTT“TT-TTT'1’TTTTT’” Converted to
t I?

mg/kg/day with HTTK

L
RIRET |||||III|lII|II|III|I||II|||||1I| } gopeces

Exposure
Predictions

Near Field
Far Field

ToxCast Chemicals

December, 2014 Panel:

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

DOCKET NUMBER:
EPA-HQ—-OPP-2014-0614


Presenter
Presentation Notes
Haluk:

The circles are ToxCast Phase I (human toxicity-relevant bioactivity assay) AC50s transformed using in vitro measures of human metabolic clearance and plasma protein to constant infusion doses that would produce steady-state serum concentrations equal to the in vitro AC50s.  This slide is animated, and when clicked most of the exposure estimates disappear.  At this point this is a cartoon description of what Phase II of ToxCast  will look like, but is not actual Phase II data.
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