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SEPA High-Throughput

Environmenal Protection Toxicity Testing

Tox21: Examining >10,000 chemicals using ~50

A
/

assays intended to identify interactions with TPy AEE
biological pathways (Schmidt, 2009) & l

o

o
ToxCast: For a subset (>1000) of Tox21 chemicals 2
ran >500 additional assays (Judson et al., 2010) S

Concentration

Most assays conducted in dose-response format Assay AC50
(identify 50% activity concentration — AC50 — and 4 with Uncertainty
efficacy if data described by a Hill function) a

All data is public: http://actor.epa.gov/

-

Concentration (uM) /
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http://actor.epa.gov/

eEpa  ToxCast Oral Equivalent Doses

United States

s qnd Exposure Estimates
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Compound

squares indicate highest estimated exposures from
EPA REDs or CDC NHANES:  ~71% of Phase |
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Wetmore et al. Tox. Sci (2012)



YEPA  The Exposure Coverage of the

United States
Environmental Protection

Agency o
g ToxCast Phase Il Chemicals
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squares indicate highest estimated exposures from
EPA REDs or CDC NHANES: ~71% of Phase |
Office of Research and Development ~7% Of Phase ”

Unpublished data from Barbara Wetmore



SEPA The Signal and the Noise
Efonmena rotecion ( 201 2)

Electoral Vote Distribution Electoral Vote Distribution
2000 The probability that President Obama receives a given number of
1800 Electoral College votes.
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Obama Electoral Votes

Nate Silver (fivethirtyeight blog) has called the last two presidential ~ setey-sutepronavites
elections correctly (a coin would do this one in four times)

He has called 99/100 state results correctly (a coin would do this
one in ~10%8 times)

Obama | Romney

909 B80% 70¢ 60° 50% 60% 70% B80% 90%

) Chance of u.“nnr‘vguslale
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SEPA Nate Silver:
Unied Suates How to Make Good Forecasts

Agency

1) Think probabilistically
2) Forecasts change — today’s forecast reflects the best available data today

3) Look for consensus — multiple models/predictions

In Nate Silver’s terminology:
a prediction is a specific statement
a forecast is a probabilistic statement

Wikipedia (statistics): “when information is transferred across time, often to specific
points in time, the process is known as forecasting”

Office of Research and Development



- High Throughput Exposure
EPA o
Er?\:'ti?gnsr;?atﬁtsal Protection Pred'Ct'ons

Agency
Goal: A high-throughput exposure approach to use with the ToxCast chemical hazard
identification.

Proof of Concept: Using off-the-shelf Environmental Fate and Transport
models capable of quantitatively predicting
exposure determinants in a high
throughput (1000s of chemicals) manner
and then evaluate those predictions to
characterize uncertainty (Wambaugh et al.,
ES&T 2013)

To date have found only fate and transport
models to be quantitative and have
sufficient throughput (Mitchell et al,,
Science of the Total Environment 2013)

Also used a simple consumer use heuristic
(Dionisio et al., in preparation)

m Office of Research and Development

L
e

Consumer Use and Indoor Exposure




SEPA Framework for High Throughput

lléjr?\ifti?gni:%tﬁél Protection Exposure Screen'ng
Agency
Apply calibration and uncertainty to
(Space of A other chemicals
Chemicals
(e.g. ToxCast, N
EDSP21) .
Estimate Calibrate
o | Uncertainty l models
2
o .
Q
o — X
LLl
Bio o
M ( : )- Exposure g
onitoring N =
: Inference ..g
Dataset 1 -

N
7

Model 1 |:> Joint Regression on Models
DY

Model 2 <
Evaluate Model Performance
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EPA

United States
Environmental Protection
Agency

Off the Shelf Models

Treat different models like related high-throughput assays — consensus

USEtox

Global scale
air
Continental scale
air
urban air
_~—

natural soil

natural soil

United Nations Environment Program and
Society for Environmental Toxicology and
Chemistry toxicity model Version 1.01
Rosenbaum et al. 2008

m Office of Research and Development

RAIDAR

in EQC- Standard
Errvironment

RAIDAR Mode! [SEIEE:
Yersion 2.00 (beta)

Select Level i 00435
 Level ll

- Fug = 4.19E-04 uPa ':§>U a3
@ Levellll Cane. = 4 55E-11 g/ )

1.02E-05
/0.1 05 .D?E-US
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* Soil

31Bkg — Water = 1.05E 13
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EMISSION nim PrED
! | Residence Time: Overall=13.4d 1.10E-05 o
H Reaction =14.0d
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: E Al ransfer and loss rates have units of kgsh. Sediment - 8.43E-08
i % 1 | All concentrations and amounts assume a 4. 25E-03 kg
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Risk Assessment IDentification
And Ranking model Version 2.0
Arnot et al. 2006




EPA Parameterizing the Models

United States
Environmental Protection

Agency CI/C(CI)=C/C3C(C(=0)OCc2cccc(O
clcceecl)c2)C3(C)C

Il
X0

EPI Suite contained experimental values for
all parameters for ~5% of the chemicals

Model parameters obtained from EPI Suite

EE1

Many properties predicted from structure
(SMILES), which failed 167 of 2127
chemicals

R Dominant principal component (half life in

e \_|  environmental media) determined by
\|  expert elicitation

o New data needed both to assess QSAR
ONHANES Chemical  reliability and expand QSAR domain of

m Office of Research and Development app“ca b|||ty




<EPA

United States
Environmental Protection
Agency

CDC NHANES (National Health and
Nutrition Examination Survey): covers a
few hundred metabolites of
environmental chemicals.

Observations: parent exposures for 82
chemicals estimated by Bayesian
inference based on NHANES.

* parent exposures from urinary
metabolites

* focusing on U.S. total geometric
mean initially

Office of Research and Development

Data Availability for Evaluating
Predictions

Urinary Bisphenol A (2,2-bis[4-Hvdroxyphenvl] propane)

Geometnc mean and selected percentiles of unne concentrations (in po/L) for the U.S.

and Nutnition Examination Survey.

Tatal

Age group
6-11 years

12-19 years

20 years and older

Survey

years
03-04
05-06
07-08

03-04
05-06
07-08

03-04
05-06
07-08

03-04
D5-06
07-08

CDC, Fourth National Exposure Report (2011)

Geometric
mean

{95% conf. interval)

2,64 (2.38-2.04)
1.90 (1.79-2.02)
2,08 (1.92-2.26)

3,55 (2.05-4.70)
2,86 (2.52-3.24)
2,46 (2.20-2.75)

3.74 (3.314.22)
2.42 (2.18-2.88)
2.44 (2.14-2.78)

2.41 (2.152.72)

1.75 (1.62-1.80)
1,99 (1.82-2.18)

Selected pe
[ 85% confiden
50th T5th

2.80 (250-2.10) 5,50 (5.00-8.20)
2.00 (1.90-2.00) 2.70 (3.50-3.90)
2.101(1.80-2.30) 4,10 (3.80-4.60)
3.80 (2.70-5.00) .90 (6.00-2.20)
2.70 (230-2.00) 5.00 (4.40-5.20)
2.40 (1.90-3.00) 4,50 (2.70-5.50)
4.30 (2.60-4.80) 7.80 (6.50-0.00)
2.40 (2. 10-270) 4,30 (2.00-5.20)
2.30 (2.10-2.80) 4,40 (3.70-5.50)
2.60 (2.30-2.80) 5.40 (4.50-5.70)
1.80 (1.70-2.00) 3.40 (2.10-2.70)
2.00(1.80-2.30) 3.90 (3.40-4.60)



o EPA Data Availability for Model
Mintes Predictions and Ground-truthing

Agency

Ground-truth with CDC
NHANES urine data

Chemicals of
Interest (2127)

Many chemicals had
median conc. below the
limit of detection (LoD)

Most chemicals >LoD not
high production volume

82 chemicals inferred for
Wambaugh et al. (2013)

Adding more chemicals (103
currently), dozens more expected
with serum model

Office of Research and Development



Exposure Inference from
<EPA - T
Biomonitoring Data

Environmental Protection
Agency

Parent chemical
exposure
Chemical measured

In urine

Actual NHANES

G o @+ L8>0 0 g
o 0 g@

A finite number of parent exposures are related to a finite
number of urine products, and most of relationships are
zero

We can not determine the one “correct” combination of exposures that explains the urine
concentrations for a given demographic:

Instead, we use Bayesian analysis via Markov Chain Monte Carlo to create a series of
different explanations that covers all likely possibilities

Separate inferences need to be done for each demographic

Office of Research and Development Described in Wambaugh etal. (2013)
Additional work ongoing with Cory Strope, Jim Rabinowitz, Woody Setzer
Strope et al. manuscript in preparation



SEPA Framework for High Throughput

lléjr?\ifti?gni:%tﬁél Protection Exposure Screen'ng
Agency
Apply calibration and uncertainty to
(Space of A other chemicals
Chemicals
(e.g. ToxCast, N
EDSP21) .
Estimate Calibrate
o | Uncertainty l models
2
o .
Q
o — X
LLl
Bio o
M ( : )- Exposure g
onitoring N =
: Inference ..g
Dataset 1 -

N
7

Model 1 |:> Joint Regression on Models
DY

Model 2 <
Evaluate Model Performance
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SEPA Framework for High Throughput

AT Exposure Screening
Agency
/Space of A p-value 0.017
Chemicals
(e.g. ToxCast, P A
EDSP21) o Skl //

—4— Near Field

Inferred Exposure

—————

(Bio) i |
Monitoring n® Xposure
Inference

o
1

Dataset 1

16110 0 1604 1601
Model Predlcted Exposure

Model 1 |:> Joint Regression on Models
DY

Model 2 <
Evaluate Model Performance

Office of Research and Development



SEPA Forecasting Exp?sure for 1936
L Chemicals

Agency

Highest Priority

Empirical calibration to
exposures inferred from
NHANES data for general

population

[ X'}

Limited data gives broad
uncertainty, but does
indicate ability to
forecast

(R2 = ~15%)

NHANES

—— No

Rank

—o- Yes

100 -

Importance of near field
chemical/product use .
was demonstrated I

fe-14 16-09 f6-04 1e+01
Exposure Prediction (mg/kg BW/day)

Office of Research and Development

Far Field Chemicals



SEPA For ?om? Chemicals,
I p— Eight is Enough

Agency

~10 mg/kg BW/day

In Wetmore et al. the
majority doses :
predicted to cause
ToxCast bioactivities ~
were in excess of 104 :

mg/kg/day

ek

NHANES

Even with large = No
estimated uncertainty,
that the upper-limit of

the 95% confidence
intervals for the bottom

668 chemicals are .
below this level I

Rank

—o- Yes

100 -

fe-14 16-09 .04 1e+01
Exposure Prediction (mg/kg BW/day)

Office of Research and Development

Far Field Chemicals
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7EPA ToxCast + ExpoCast

United States
Environmental Protection
Agency
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107®

10-12

Oral Equivalent Doses and Estimated Exposures
(mg/kg/day)

Compound

Office of Research and Development

Oral Equivalents from Wetmore et al. Tox. Sci (2012)



SEPA The Exposure Coverage of the
mereesn JOXCast Phase Il Chemicals
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squares indicate estimated exposures from EPA REDs
or CDC NHANES: ~71% of Phase |
Office of Research and Development ~7% Of Phase ”

Unpublished data from Barbara Wetmore



SEPA ExpoCast Coverage of the ToxCast
e A—— Phase Il Chemicals

Agency

<
o -
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7 Compound

squares indicate estimated exposures from EPA REDs
or CDC NHANES: ~71% of Phase |
Office of Research and Development ~7% Of Phase ”

Unpublished data from Barbara Wetmore

Oral Equivalent Doses and Estimated Exposures
(mg/kg/day)



SEPA Statement of New Problem:

United States

Er;\éir:gcmental Protection Data Concerns

* If a simple near-field/far-field heuristic was most predictive so far, then do there exist
other heuristics with the power to distinguish chemicals with respect to exposure?

 What we would like to know is:

* What are the few, most-easily obtained exposure heuristics that allow for
prioritization?

Office of Research and Development




SEPA Statement of New Problem:

United States

Eg\grzgcmental Protection Data Concerns

* If a simple near-field/far-field heuristic was most predictive so far, then do there exist
other heuristics with the power to distinguish chemicals with respect to exposure?

 What we would like to know is:

* What are the few, most-easily obtained exposure heuristics that allow for
prioritization?

 What we can answer is this:

 Given a variety of rapidly obtained data (putative use categories and physico-
chemical properties, largely from QSAR) which data best explain exposure inferred
from the available biomonitoring data?

* Hoping to find simple heuristics for exposure e.g., use in fragrances, use as a food
additive, octanol:water partition coefficient, vapor pressure

Office of Research and Development



wEPA Heuristics for Chemical Use

United States
Environmental Protection

Agency
Chemical Use Categories estimated from ACToR (chemical 12 Chemical Use
toxicity database): Categories
« The sources for chemical data were assigned to various Antimicrobials
chemical use categories. Chemical Industrial Process

* Chemicals from multiple sources were assigned to
multiple categories.

Consumer

Dyes and Colorants

Table: Hits per use category for a given chemical Fertilizers
CASRN Category 1  Category 2 ... Category 12 Food Additive
65277-42-1 0 10 . 1

Fragrances
50-41-9 31 7 3 o
Herbicides

Personal Care Products

Binary matrix Pesticides
CASRN Category 1  Category 2 ... Category 12 Petrochemicals
65277-42-1 0 1 0 Other
50-41-9 1 1 0

Office of Research and Development

Work by Alicia Frame, Kathie Dionisio, Richard Judson
Dionisio et al. manuscript in preparation



SEPA Heuristics for Chemical Use

United States
Environmental Protection
Agency
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Wang et al. manuscript in preparation
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SEPA Heuristics for Chemical Use

Environmental Protection

Agency
Color Key
and Hi
Eq
22
(=,
= — .
] 02 04 0B 08 1
Yalue

logw'P

logHeniy

logP
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o e
I ‘ | | Fragrance
I Antimicrobial

Herbicide
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I || I ’ ‘ |I Colorant

b

II Consumer no Industrial
‘ | Persanal Care

Consumer & Industrial

Food Acdditive

| ‘ Pesticide
I I Incustrial no Consumer

Office of Research and Development >8OOO Chem|CaIS (InC|Ud|ng TOX21)

Wang et al. manuscript in preparation



“EPA

United States

Environmental Protection

Agency

We used Bayesian
methods to infer
1500 different
exposure scenarios
consistent with the
NHANES data

We are looking for
the most
parsimonious
explanation for the
inferred exposures

Average relative AIC over 1500 samples

n

-

Office of Research and Development

' 5@99

8 9

10 11 12 13 14 15 16

Size of best subset

on

—  Frequency

Best Heuristics for General Population

Antimicrobial [10]
Colorant [11]

Food Additive [5]
Fragrance [6]

Herbicide [6]

Personal Care [21]
Pesticide [81]

Flame Retardant [10]
Other [7]

Industrial no Consumer [14]
Consumer no Industrial [7]
Consumer & Industrial [37]
logVP

logP

MW

logHenry

logProd

RO.5

RO.1

Wang et al. manuscript in preparation



o Better Models and Data
wEPA )
e AT— Should Reduce Uncertainty

Agency

Uncertalnty/ Varlablllty of NHANES Blomomtor/ng

~10% Far field ~35% Indoor /

(Industrial) Releases Consumer Use

_ \
Indirect Exposure _
% Direct Exposure
Trhs qs=KsYs
Ceiling T ---y- ------ .
| e e Consolidated Human
TEg SERI T el Activities Database (CHAD)
v .
r"ﬂ“‘” Y e Chemical Use Data
....... =K yTSP .
T \A + t i * Big Data (e.g. Google trends)
Sorption onto particles
! Bﬁ_’j =
VinylFlooring |~ ¥
Emis§i§n
Office of Research and Development Image from Little et al. (2012), see also Nazaroff et al. (2012),

Bennett et al. (2012), Wenger and Jolliet (2012)



SEPA The Tox2 1 Chemicals

Environmental Protection
Agency

=
o
©

10°-

10°7-

Exposure Forecast (mg/kg bw/day)

1 I I
0 2000 4000 6000

Rank
Office of Research and Development

1
8000

Wang et al. manuscript in preparation



wEPA Better Sources of Use Data

United States
Environmental Protection
Agency

* Walmart provides Material Safety Data Sheets (MSDS) for all products it sells (msds.walmart.com)

2) Walmart Stores Inc MSDS Search - Powered By The Wercs - Mozilla Firefox

file Edit VYiew Hitory Bookmarks Took Help

"I Walmart Stores Inc MSDS Search - Powered . |

(— P | msds.walmartstores.com

9

Most visited | MccT I Gmall [l cNN & Google Mews (@B Diga W/ wikipedia | ESC {

) Walmart Stores Inc MSDS Search - Powered B The Wercs - Mozilla Firefox
Mal ¥ Phys Params %% Data Extraction @ 1] ™) document (application/pdf Object) - Mozilla Firefox

Walmart

Welcome!

Savings Made Simple

% Find: |rap & text & Previous & Highlight all [ Makch case

Office of Research and Development

Sams Club

Plaass enier UFC or Product Nams

mclien ductid=77betecc-3d! dF 70300 baction=H3D:

Walmart Stores Inc. MSDS Searc,|
:deguiar‘sUSA

)
ﬂré' 7991 Mitchell South
Irvine, CA 92614
e Tel: 9497528000
Fax: 9497525784

In tase of emergency or spill, contact CHEMTREC at 800-424-9300

MATERIAL SAFETY DATA SHEET

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND THE
COMPANY/UNDERTAKING

Product Name: G70 - Gold Class Liquid Wax

Print date: 0172172010 Reference Number: 21415 Prepared Date: D&/27/2009

Use of the Substance/Preparation

Recommended use: Wax emulsion|

Company/Undertaking identification

Meguiar's Holland Meguiar's Hong Kong Meguiar's France Meguiar's UK Ltd.

Laan der Verenigde Nates 40 Suite 6.7, 20/F Marina House 3 rud de Verdun- B3t D 3 Lamport Court

33174 DA Derdrecht 68 Hing Man Street 78590 Noisy Le Rai Heartlands

;:‘!agf_mm‘mﬂ Shaukeiwan France Daventry NN118UF
- Hang Kong Tel: 33-1-30-80-02-16 Tel: 0370 241 6696

Tel: 65229670202 Fax 01327 300 116

[ 2. HAZARDS IDENTIFICATION

Most important hazards: ‘This preduct conteins chemicals listed on Canada WHMIS. See Section 15.

3. COMPOSITION/INFORMATION ON INGREDIENTS
gredients
TASE | % Weight | OSHA PEL | EINECS Ho.
TWA

Caloined Kaoln Oy
soparafinic Hydrocarbon E
hon =

EF]) ESH EELS

4. FIRST AID MEASURES

General Advice: In the case of accident o if you fel unwell seck medical advice immediately (show
the label where possible).
Inhalation: Prolonged o int 51

ntional 1o high
(¥ Reached end of page, continued from top imitation. Move to fresh air. Consult a physician.

Work by Rocky Goldsmith, Peter Egeghy, Alicia Frame, Amber Wang, Richard Judson
Goldsmith et al. manuscript (submitted)



wEPA Better Heuristics for Chemical Use

United States
Environmental Protection

Agency
Walmart provides Material Safety Data Sheets Approximate product classification (e.g. toys) as
(MSDS) for all products it sells use
Product  Product  Product  Product
1 2 3 4
CAS 1 10% Present X X
CAS 2 50% X

CAS 3 0.001% I

X X X

X

Tentatively map chemicals to use categories

Office of Research and Development

Work by Rocky Goldsmith, Peter Egeghy, Alicia Frame, Amber Wang, Richard Judson
Goldsmith et al. manuscript (submitted)



<EPA

United States
Environmental Protection
Agency

Obtaining new chemical data

— Measuring physico-chemical
parameters

e Characterizing QSAR
appropriateness

* Expanding QSAR domain
of applicability
— Determining occurrence in
articles, packaging, and
products

New monitoring data
— Validation of predictions

— Characterization of chemical
exposure

* Specific demographics
* Pooled samples

Office of Research and Development

New indoor/consumer use models

Total: Male: Female:

Age 6-11: Age 12-19:

EPA:
Empirical modeling of biomonitoring data
SHEDS-lite

ACC LRI:

USEtox and RAIDAR consumer use modules

Age 20-65:

Exposure Research Priorities

Age 66+:

Antimicrobial [10]

Colorant [11]

Food Additive [5]
Fragrance [6]

Herbicide [6]

Personal Care [21]
Pesticide [81]

Flame Retardant [10]
Other [7]

Industrial no Consumer [14]
Consumer no Industrial [7]
Consumer & Industrial [37]
logvP

logP

MW

logHenry

logProd

RO.5

RO.1

Literature: Little et al. (2012) Nazaroff et al. (2012), Bennett

et al. (2012), Wenger and Jolliet (2012)



wEPA Conclusions

United States
Environmental Protection
Agency

“As far as the laws of mathematics refer to reality, they are not certain; and as far as they
are certain, they do not refer to reality.”
Albert Einstein, quoted in J R Newman, The World of Mathematics (1956).

* High throughput computational model predictions of exposure is possible

* These prioritizations have been compared with CDC NHANES data,
yielding empirical calibration and estimate of uncertainty

* Indoor/consumer use is a primary determinant of NHANES exposure

* Developing and evaluating HT models for exposure from consumer use
and indoor environment (e.g., SHEDS-Lite)

* Can develop demographic-specific prioritizations

* Additional HTPK data anticipated and two new sources of use data (ACToR
annotation and MSDS curation) available upon publication via ACToR —
http://www.epa.gov/actor/

Office of Research and Development



http://www.epa.gov/actor/
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