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Background

» Superfund is an EPA program to
clean up the most polluted
sites in America that no other
environmental program can
successfully address

» Comprehensive Environmental
Response, Compensation, and
Liability Act of 1980 (CERCLA) et
and SARA (1986) Completion

» Sites are evaluated for risks to
human health or the
environment

» Currently 1336 NPL sites + 393
deleted sites

RD/RA

» Sites may take years to address




42 U.S. Code § 9604 - Response
authorities

(a)REMOVAL AND OTHER REMEDIAL ACTION BY PRESIDENT; APPLICABILITY OF NATIONAL
CONTINGENCY PLAN; RESPONSE BY POTENTIALLY RESPONSIBLE PARTIES; PUBLIC HEALTH

THREATS; LIMITATIONS ON RESPONSE; EXCEPTION

(1)Whenever (A) any hazardous substance is released or there is a substantial threat of
such a release into the environment, or (B) there is a release or substantial threat of
release into the environment of any pollutant or contaminant which may present an
imminent and substantial danger to the public health or welfare, the President is
authorized to act, consistent with the national contingency plan, to remove or arrange for
the removal of, and provide for remedial action relating to such hazardous substance,
pollutant, or contaminant at any time (including its removal from any contaminated
natural resource), or take any other response measure consistent with the national
contingency plan which the President deems necessary to protect the public health or
welfare or the environment.
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42 U.S. Code 5§ 9601 - Definitions

The term “hazardous substance” means (A) any substance designated pursuant to
section 311(b)(2)(A) of the Federal Water Pollution Control Act [33 U.S.C.
1321(b)(2)(A)], (B) any element, compound, mixture, solution, or substance
designated pursuant to section 9602 of this title, (C) any hazardous waste having the
characteristics identified under or listed pursuant to section 3001 of the Solid Waste
Disposal Act [42 U.S.C. 6921] (but not including any waste the regulation of which
under the Solid Waste Disposal Act [42 U.S.C. 6901 et seq.] has been suspended by Act
of Congress), (D) any toxic pollutant listed under section 307(a) of the Federal Water
Pollution Control Act [33 U.S.C. 1317(a)], (E) any hazardous air pollutant listed under
section 112 of the Clean Air Act [42 U.S.C. 7412], and (F) any imminently hazardous
chemical substance or mixture with respect to which the Administrator has taken
action pursuant to section 7 of the Toxic Substances Control Act [15 U.S.C. 2606].




42 U.S. Code § 9601 - Definitions

The term “pollutant or contaminant” shall include, but not be limited to, any element,
substance, compound, or mixture, including disease-causing agents, which after release into
the environment and upon exposure, ingestion, inhalation, or assimilation into any organism,
either directly from the environment or indirectly by ingestion through food chains, will or
may reasonably be anticipated to cause death, disease, behavioral abnormalities, cancer,
genetic mutation, physiological malfunctions (including malfunctions in reproduction) or

physical deformations, in such organisms or their offspring ...




Data Sources for Pollutants and Contaminants
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Emerging Contaminants

» New chemicals of concern with limited, or no, toxicity
data

» Perfluorinated compounds
» Brominated flame retardants
» Endocrine disruptors

» Nanomaterials

» Current approach:
» Hazardous substance designation
» Wait for a PPRTV or IRIS assessment




Motivation

| » 2007 NAS Report: Toxicity
| -"“‘ Testing in the 21st Century

" LT _ o
S » Need to incorporate in vitro
data, predictive models in

risk assessments

TOXMCATY TESTING IN THE 215T CENTURY

DECISIONS

» CompTox dashboard:

» One-stop-shop for existing
data

» Easy to use tools to predict
toxicity, physical properties




CompTox Dashboard

Agency
Scientists

Predictive Web-Based Front Line
Models Dashboard Staff
Chemical .

Current Public Dashboard: hitps://comptox.epa.gov/



https://comptox.epa.gov/dashboard

Why CompTox?

» Coverage for information
poor chemicals

» Single point of entry to data
» Structure
» Physical properties
» Toxicity
» EXxposure
» Regulatory data

» Access to robust,
transparent, and defensible
predictive models

PFOA
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(@ Searched by Approved Name: Found 1 result for PFOA" >1 5 ye arS Of data
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Chemical Structures

» Chemical structures are essential:
» How we identify unique chemicals

» Used as inputs for predictive

modelling
Chemotypes, fingerprints, .
phys-chem properties, ... » Often used to define regulatory and

use classes
V4 SMILES  Structure searching
InChl { & modeling J

- » Manually curated by chemists

Structure

Chemical Name
CASRN

» Currently integrating chemical

Supplier, Lot/Batch, - m iXtU res

physical description
» Some mixtures have fixed ratios
» Some have variable or unknown ratios

» Different frameworks for
understanding mixture toxicity

» Tackling how models can incorpore
mixtures



Curated Data

» Toxicity data

» In Vivo Chemical Toxicity Data:

» Risk assessments for chemical
registrations

» EPA chemical evaluations
» Literature

» Publically available databases

» In Vitro Toxicity Data - ToxCast
» Exposure: NHANES
» Regulatory data

» State, Federal, International

» Exposure limits, regulatory classes —

Organized into an ontology

Data must be:

e Quality controlled

» Associated with chemical structures
and unique sources

» Assigned a hierarchy score

Displayed as raw data in dashboard
Used as inputs for predictive models
Combined for risk assessments




Predictive Models

» Physical properties: » Toxicity
» EPISUITE » Generalized read-across
> NICEATM (GenRA)
» ACD/Labs » Point-of-Departure predictions
» T.E.S.T. » Exposure
» OPERA » Use categories

» ADME properties - used for in  » Far field exposure
VIVO In vitro extrapolation




Physical Properties

Download as: TSW Excel SDF
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Physical Properties: OPERA Models

NCCT Models: Melting Point

Bisphenol A
80-05-7 | DTXSID7020182

Calculation Results:

o | Prediction, AD, and
Q O — confidence level

; —= == Weighted KNN model
al - . .
RMSE
827

5-fold CV (75%) Training (75%) Test (25%)

Model Performance z ’r _
with full QMRF - -

Nearest Neighbors from the Training Set

Nearest Neighbors ? A

from Training Set

az RMSE m2 RMSE R2

Bisphenol A 4 4"Propane-1. 1-diyldiphenol phenal. 4 4-butylidenebis- Bisphencl B meso-Hexestrol
Measured: 153 Measured: 132 Measured: 137 Measured: 121 Measured: 167
Predicted: 142 Predicted: 140 Predicted: 157

Predicted: 144 Predicted: 133




Toxicity: Categorical Predictions

VS I [ ' » Generalized Read-Across - GenRA
s 11 i » Internal “research” module
-, » Predictions using known activity
we TSNS classes of structurally similar
oo L . chemicals
B —— I 4 | » Automated chemical read-across:
I e e e » ldentify most similar chemical
o EmEE=Z oo =s s == neighbors
ST EEES=S==Z=E== » Calculate a similarity weighted
e I toxicity score
» Optimize number of neighbors
and similarity cut off using ROC
AUC




Toxicity: Quantitative Predictions

» Systematic Point-of-Departure (POD)
External Test

» Input data:

» In-vitro toxicity tests
» Chemical properties
» ToxCast bioactivity data

» Toxico-kinetic parameters

Predicted POD (log10-mg/kg/day)
o Jnm |

» Random Forest Regression Model
» Training data: 3524 studies on 961 chemicals

A
v e e e
LY
A
~
A
Al

» 5 fold CV, 10x Bootstrapping y

» Predict a confidence interval for lowest . : :
observed adverse effect level (LOAEL) or no e
observed adverse effect level (NOAEL)



Exposure

Use Categories Exposure Predictions
» Existing use data » Wambaugh et al, 2014 -
» Regulatory classes High throughput exposure
model

» Product ingredient database

» Linear regression based on
physical properties, use
data

» Regression models to
predict use If unknown

= Total

= Female

= Male

= ReproAgeFemale
= G-11_years

= 12-19_years

» Structural and physical
chemistry data

= 20-65_years
~ GE+years

= BMI_LE_30
= BMI_GT_30

. Hegrpssian Coefficient




Literature

Google Scholar Select Term: Edit the Query Before Retrieving Articles

PubMed Abstract ... Dust and Exposure v ("309-00-2" OR "Aldrin" OR "Aldrin") AND Dust AND Environmental
Exposure
PubChem Articles Retrieve Articles 0 Articles p

Add additional query terms to filter abstracts:

PubChem Patents
[ water ] [ soil ] [ Search and Count
PPRTV
RIS wa... soil Te.. Total PMID Pu... Title
0 0 0 0 23990271 2013 Organochlorine pesticides in the dust fall around Lake Chachu, the fifth largest lake in China.
- 0 0 1 9460180 1998 Serum levels of several organochlorine pesticides in farmers correspond with dietary exposure and loc...

Record: W <« 1of2 » M

Title: Serum levels of several organochlorine pesticides in farmers correspond with dietary exposure and local use history.

Abstract: In response to reported increased cancer risks ameng farmers, the Agricultural Health Study (AHS) was designed to examine health outcomes and
environmental exposures among farm families in the United States. In the pilot phase of the AHS, food, beverage, air, dermal, dust, surface wipe, and biclogical
specimens (blood and urine) were collected and analyzed for six farm families in two states (IA and NC). In addition, questionnaires were administered to examine
previous pesticide use. This paper reports the organochlorine pesticide results of the serum and dietary analyses as well as questicnnaire results from the pilot
exposure study of farmers and their families. Note, no organochlerine pesticides were reported as currently being applied to the study farms. In all human serum
samples examined, typical U.S. population levels were found for the majority of the pesticides. In addition, human serum levels of organochlorine pesticides
showed no significant daily or seasonal variation. However, serum trans-nonachlor levels were found to be higher in pecple living on the two farms in North
Carolina than in people living on the four farms in lowa (p < 0.05). Further, unusually high dieldrin levels were found in serum samples from a farmer and spouse

» Access to Google
Scholar, PubMed,
PubChem articles and
patents, and IRIS
assessments

» Abstract sifter lets users
quickly search literature
for pre-defined terms or
add additional queries

» Sort and identify most
relevant articles



Batch Searching

» Previous examples focused on reviewing one chemical at a time

» Batch search allows retrieval of data and model results for
multiple chemicals

Batch Search@

Please enter one identifier per line

Select Input Type(s) Enter Identifiers to Search

] Chemical Name GRWFGVWFFZKLTI-IUCAKERBSA-N -
) CAS-RN WMBWREPUVVBILR-WIYYLYMNSA-N

¥ InChlKey CQUAYTJDLQBXCQ-NHYWBVRUSA-N

) DSSTox Substance ID RLLPVAHGXHCWKJ-HKUYNNGSSA-N

(] Exact Molecular Formula @ OFCQYQOZASISIU-OGFXRTJISA-M

GRWFGVYWFFZKLTI-RKDXNWHRSA-N
AMGQYMWWDOXHJM-UHFFFAQY SA-N
NETOHYFTCONTDT-UHFFFAQYSA-N
XSXWOBXNYNULJG-UHFFFAQYSA-N
JLEHSYHLHLHPAL-UHFFFAQYSA-N

Display All Chemicals Download Chemical Data




Batch Searching

» Previous examples focused on reviewing one chemical at a time

» Batch search allows retrieval of data and model results for
multiple chemicals

Search Results

© Searched by List: Found 10 results.

Download as: TSV~ Excelv SDF~

D! Structure Preferred Name | | CAS-RN 1! QClLevel || CPCat.. Numb.. PubC.. Monoisotopi..

DTXSID20292¢ ¢
ToxCast™ Hy e K, o (-)-alpha-Pinene 7785-26-4 Level 2: Exp... 1 42 61 136.125201 o

DTXSID20286"
ToxCast™ ? Limonene 138-86-3 Level 2: Exp... 188 68 123 136.125201 o
1C H




Non-Targeted
Analyses

Search Results

» Supports high resolution mass
spectrometry coewos o0+ | oo | 507

[ Structure Preferred Name | | CAS-RN | | Qc Level | | CPCat Count Numberof._. PubChem .. Monoisotopic Mass || Mass Differe..

@ Searched by Mass and single component chemicals: Found 5 results for 155 + 5 ppm’

» Mass and formula searching

a /N\N/N

DTXSID00307001 \\N 6-Chlorotetrazolo[1,5-b]pyridazine 21413150 Level 5 Programm... 0 3 47 154 999573 -0.0001 (=]
=
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cl
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[ + -] [IELTIY N‘ﬁ-N \N/
155 oa + 5 ’m pom Search QL
' cl
o Single component - tgnore Isciopes.
DTXSIDI0420612 T/ | N$ 1H-Imidazo[4,5-d]-1,2,3-triazine, 4...  52773-49-6 Level 5. Programm... 0 1 17 154.999873 -0.0001 @
Generate Molecular Formula(e) N‘\\N N/
| ] W Vax
Oa + Errw '?‘ oom SearchQ o
N X -2H-| X
1 mnchute hasogens DTXSID10651769 N)r \NH 7-Chloro-2H-[1,2 3]triazolo4,5-d)p. 23002-52-0 Level 5: Programm... 0 1 32 154.999873
P— o A=/
Molecular Formula Search M E h t I 20 17 . EE Id t' - k k =
ccacnran et al, . entilying kKnown unknowns using
Moo L Foemmutd SearchQ 9 - Y]
— the US EPA’s CompTox Chemistry Dashboard




Dashboard

Chemical
Structures

Public

Front Line
Staff




Putting 1t all together...

» Screening level
calculations:

» Superfund specific policy

» Toxicity used to calculate
“reference doses” (RfDs)

» RfDs are weighted with S| Topter [ ol ] Saf ] [ %of, ) Soedman
typical exposure e | S [ e ) |
assumptions e e

» May be used to screen o o

sites, assess risk to human
health




Next Steps

» Public version of the dashboard: https://comptox.epa.gov/

» Superfund specific customizations planned for internal beta
testing, fall 2017

» Cross validation with existing toxicity assessments (for models)

» Understand how novel data sources can be used in the context of
Superfund policy

» Future Work:
» Completion and integration of predictive toxicity models
» Enhanced visualization and interpretation of in vitro bioassay data
» Workflow to calculate human health risks (following RAGS)

» Structure, substructure, and similarity searching



https://comptox.epa.gov/
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