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Why Does EPA Need Measurement Data?

* Measurement data needed to ensure chemical safety
* Characterize risk
* Regulate use & disposal
* Manage human & ecological exposures
e Ensure compliance under federal statutes

Toxic Substances Control Act
(TSCA) Compliance Monitoring

To protect
federal, sta
with statut
import), pr
chemical s

substancesg

Safe Drinking Water Act (SDWA)
Compliance Monitoring

Providing safe drin|
states, tribes, publ
certified laboratori
water samples coll
the tribes monitor
Water Act regulato

Federal Insecticide, Fungicide and
Rodenticide Act Compliance
Monitoring

The Federal Insecticide, Fungicide and Rodenticide Act (FIFRA)

gives EPA the authority to regulate the registration, distribution, Resources and

Guidance
Documents

sale and use of pesticides. FIFRA applies to all types of pesticides,
including:

Chemical Monitoring Needs

Hazard

Identification

Dose-
Exposure

Response

Assessment

. Assessment
Risk

Characterization
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< EPA Challenges

Uni
Environmental Protection
Agency

* High-quality monitoring data are unavailable for most chemicals

* Measurement data traditionally generated using “targeted” methods

e Targeted analytical methods:
- Require a priori knowledge of chemicals of interest
- Produce data for few selected analytes (10s-100s)
- Require standards for method development & compound quantitation
- Are blind to emerging contaminants
- Can’t keep pace with the needs of 215t century risk characterizations

* Data gaps being filled with exposure models and “NTA” methods
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EPA Considers

4 Pathway Types:

Consumer
Occupational
Ambient

Ecological

Exposure Models for Gap Filling & Aggregation

consumer I:—.I..l.:_'... .I.I - .... _".._'.. :._' - e ...._ : _:.l. .:_:'. .: ..I_':_'::—I:.:.._..'

OtherIndust :
USE and Products and y _
RELEASE DursbleGooday, ' Industrial Reledses
Direct Use Occupationa ’ Waste
(e.g., surface Use - M
MEDIA .IndoorAir,Dust, Surfaces l Food Drinking Outdoor Air, Soil, Surface
J I Water I and Ground Water

: Ecological

RECEPTOR Bumac

Floraand Fauna




\-,EA Benefits and Challenges of Exposure Modeling
e Benefits:

e Able to predict:
* Pathway-specific exposures
* Scenario-specific exposures
* Aggregate exposures
* Cumulative exposures

e Efficient (compared to analytical monitoring)

* Challenges:
* Requires use, property, and pathway info for prediction
* Requires monitoring data for evaluation & refinement
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1) Prioritize “molecular features”

2) Correctly assign formulas

3) Correctly assign structures

4) Predict chemical concentrations
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Determine chemical sources




“"EA Relevant Questions of NTA Studies?

*  Which chemicals are where?
* Do we see any “new” chemicals?
e Do observed co-occurrences highlight:

* Important exposure sources?
* Stressor-response relationships?

e What is the concentration of each chemical?

Do estimated concentrations suggest unacceptable risk?

Answers supported via QSURs and other QSxRs
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e \Which chemicals are where?

e Do observed co-occurrences highlight:

* Important exposure sources?
* Stressor-response relationships?

Answers supported via QSURs
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If Necessary 90 Products
Extraction with DCM or Hexane
. . . . Solvent
Suspect Screening Analysis of Chemicals in Consumer Products 7 B B

Katherine A. Phi]lipsr Alice Yau,g Kristin A. Favela,i Kristin K. Isaacs,"‘ Andrew McEachran,§'||
Christopher Grulke;,I Ann M. chhard,” Antony ]. Wi]]jams,” Jon R. Sobus,” Russell S. Thomas,”
and John F. Wambaugh*’"

"National Exposure Research Laboratory, Office of Research and Development, U.S. Environmental Protection Agency, 109 T. W.
Alexander Drive, Research Triangle Park, North Carolina 27711, United States

*Southwest Research Institute, San Antonio, Texas 78238, United States
$0ak Ridge Institute for Science and Education (ORISE), Oak Ridge, Tennessee 37830, United States

INational Center for Computational Toxicology, Office of Research and Development, U.S. Environmental Protection Agency, 109
T. W. Alexander Drive, Research Triangle Park, North Carolina 27711, United States

Supporting Information
PP 4

Introduction of 1 ppm Internal
Standard
! 10x Dilution
GC x GC/TOF-MS
{
Tentative Identification with ]

21619 Unique MS Spectra Hits
NIST 2008 Database

i

Reject Identifications with low
Similarity to NIST 2008

4270 Spectral Matches

TN N N TN Ty

1602 Indentified Spectral Matche

Spectral Confirmation with
+200 Analytical Standards

ABSTRACT: A two-dimensional gas chromatography-time-of-flight/mass spectrometry
(GCXGC-TOF/MS) suspect screening analysis method was used to rapidly characterize
chemicals in 100 consumer products—which included formulations (e.g, shampoos, paints),
articles (e.g, upholsteries, shower curtains), and foods (cereals)—and therefore supports
broader efforts to prioritize chemicals based on potential human health risks. Analyses yielded
4270 unique chemical signatures across the products, with 1602 signatures tentatively identified
using the National Institute of Standards and Technology 2008 spectral database. Chemical
standards confirmed the presence of 119 compounds. Of the 1602 tentatively identified
chemicals, 1404 were not present in a public database of known consumer product chemicals.
Reported data and model predictions of chemical functional use were applied to evaluate the
tentative chemical identifications. Estimated chemical concentrations were compared to
manufacturer-reported values and other measured data. Chemical presence and concentration
data can now be used to improve estimates of chemical exposure, and refine estimates of risk
posed to human health and the environment.

732 Tentative Chemical IDs
997 Tentative Chemical Class IDs

Functional Use
Database Search

991 Unknown Use
Prediction of
Functional Use

e
317 Valid Use Predictions

538 Known Use

19 Confirmed Chemical IDs

1

2668 Unidentified Spectral Matches
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Example 1: Consumer Product Analysis

Confirmed or tentative
chemical identification

Chemicals known to be
in consumer products

i
|
20

0

150 100
Unique Chemicals

Carpet
Carpet Padding
Cotton Clothing

Fabric Upholstery
Shower Curtain
Vinyl Upholstery

Plastic Children's Toy

Lipstick
Toothpaste
Sunscreen
Indoor House Paint
Shaving Cream
Hand Soap
Skin Lotion
Baby Soap
Deodorant
Shampoo
Glass Cleaner
Air Freshener

Cereal

Many chemicals
observed in
consumer product
extracts

Many observed
chemicals known to
be in consumer
products

More observed
chemicals not known
to be in consumer
products

Why might the ‘other’
chemicals be in the
products?
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Potential ER Agonist

Flame Retardant
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Product Category
B Cotton Clothing
[ ] Vinyl Upholstery
Carpet Padding
Bee Plastic Children's To
EE Cereal
HEH Fabric Upholstery
g8d Shampoo
Shower Curtain
B8 Air Freshener
Shaving Cream
HHE Deodorant
Indoor House Paint
2 Glass Cleaner
[ Sunscreen
[ Baby Soap
7/ Hand Soap
I Skin Lotion
Carpet
Lipstick
[] Toothpaste

Example 1: Consumer Product Analysis

Few chemicals
confirmed due to
limited availability of
standards

Many chemicals only
tentatively identified

Even more chemicals
only identified at the
“class” level
(e.g., isomers)

How do we provide
further evidence for
correct structures?
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Recycled Products Virgin Products

! v

vmﬂ"ﬂEHJHI. Sample __ [ 7 Product Categories | [ &Product Categories |
Selection )
enceslechnology I I

pubs.acs.org/est Article 154 Unique Products 56 Unique Products
—
3 3 3 L3 —
Chemical Characterization of Recycled Consumer Products Using \/
Suspect Screening Analysis Extraction with DCM or
Hexane/Ethyl Ether Solvent
Charles N. Lowe, Katherine A. Phillips, Kristin A. Favela, Alice Y. Yau, John F. Wambaugh, Jon R. Sobus, !

Antony ]. Williams, Ashley J. Pfirrman, and Kristin K. Isaacs*

Cite This: Environ. Sci. Technol. 2021, 55, 11375-11387 Read Online

[ 1 ppm Internal Standard Added

A 4
ACCESS | il Metrics & More | Article Recommendations | @ Supporting Information ngple dilution GC x GC TOFMS )
(if warranted)
ABSTRACT: Recycled materials are found in many consumer products as .
part of a circular economy; however, the chemical content of recycled ( \ Analytical —= il
products is generally uncharacterized. A suspect screening analysis using two- Chemist - -
dimensional gas chromatography time-of-flight mass spectrometry (GC X ry Spectra matching to 2014 NIST

GC-TOFMS) was applied to 210 products (154 recycled, 56 virgin) across Database (Level 2 Identification)
seven categories. Chemicals in products were tentatively identified using a

standard spectral library or confirmed using chemical standards. A total of

4 : :

918 probable chemical structures identified (112 of which were confirmed) ?“ Spectral Confirmation with

in recycled materials versus 587 (110 confirmed) in virgin materials. Analytical Reference Standards
Identified chemicals were characterized in terms of their functional use and y

\.

(Level 1 Identification)

structural class. Recycled paper products and construction materials \ J
contained greater numbers of chemicals than virgin products; 733 identified ‘
chemicals had greater occurrence in recycled compared to virgin materials. s ~
Products made from recycled materials contained greater numbers of fragrances, flime retardants, solvents, biocides, and dyes. The Assessment of Level 1 and Level 2
results were clustered to identify groups of chemicals potentially associated with unique chemical sources, and identified chemicals Chemical Identifications
were prioritized for further study using high-throughput hazard and exposure information. While occurrence is not necessarily —
indicative of risk, these results can be used to inform the expansion of existing models or identify exposure pathways currently
neglected in exposure assessments.
KEYWORDS: recycling, consumer products, human exposure modeling, consumer exposure, ExpoCast, nontargeted analysis, Dat -
i ata : P TTET
suspect screening Akt Structural Chemical Source Prioritization
nalysis Classification Function Fingerprinting Metrics (ToxPi
Classification (Cluster Analysis) and BER)
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fragrance 1

plasticizer -

flavoring and nutrient
deodorizer A
humectant 1

dye 1

solvent 1

biocide 1

viscosity modifier
anti-adhesive/cohesive 1

fragrance 1

dye 1

flavoring and nutrient
solvent

antioxidant -

biocide 1

humectant 1
plasticizer -

heat stabilizer
surface modifier 1

humectant 1

plasticizer 1

fragrance 1
anti-adhesive/cohesive 1
deodorizer 1

flavoring and nutrient -
viscosity modifier 4
flame retardant +
emulsifier

surfactant

Number of Confirmed Chemicals Per Sample

Example 2: Recycled Product Analysis

Paper Products

Classification

Recycled
Virgin

*0<0.05

0 10 20 30 40

Children's Products
L J
¥
*
*
0 10 20 30 40

Food Contact Materials

0

10 20 30

40

flavoring and nutrient
fragrance 1

biocide 1

humectant 1

emulsifier 4

dye 1

deodorizer 1

surfactant
preservative 1
anti-adhesive/cohesive 1

fragrance 1

flavoring and nutrient 1
dye 1

deodorizer 1

solvent 1

biocide 1

plasticizer 1

humectant 1

defoamer 1
anti-adhesive/cohesive 1

flavoring and nutrient 1
fragrance 1
deodorizer 1

dye 1

plasticizer 1

humectant 1

solvent

biocide 1

solubility enhancer
stabilizing agent 1

Fabric Products

=

10 20 30 40

o

Plastic Home/Auto Products
I
*

C J

T T T T

10 20 30 40

o

Construction Materials

—

*

3

e—
—
*
*
*
0 10 20

30 40

Number of Confirmed Chemicals Per Sample

Significant differences between

chemicals in recycled vs. virgin

products for certain product &
use categories

Most differences observed in
paper products and construction
materials

Some uses (e.g., fragrances)
highly represented across all
product/use categories
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Example 2: Recycled Product Analysis

Table 2. Summary of Use Information for of Chemicals Co-occurring in Multiple Products”

cluster
D

1

2

10

11

12

Chemical use information is often consistent with desired product characteristics

number of
chemicals

13

-

15

22

27

14

primary

classification

recycled

both

recycled
both

recycled

both
both
both

both

recycled
both

both

primary categories of accm'renceb

children's products, construction products, food
contact materials

children’s products, construction materials, food
contact materials, plastic home fauto products

paper products

construction materials, fabric products, and paper

products, fabric products

recycled tire products

fabric and paper products, children’s products,
food contact materials
paper products and fabric products

paper products

children’s products

fabric and paper products
fabric products

food contact materials

frequently occurring uses, sectors, or functions®

pesticide actives and inerts

plastics and plastics manufacturing (including intermediates),
polymer additives (UV stabilizer, antioxidant, odor agent)

manufacture of ink, paints/coatings, or paper surface treatments;
pesticides

manufacture of ink, paints, or dyes; use in ink, toner, and colorant
products

intermediates, rubber components, and processing aids used in the
manufacture of rubber products or rubber tires, or in rubber
recycling

manufacture of plastics, including plasticizers or plasticizer precursors
and other polymer additives.

cleaning product, ink, and apparel manufacturing; solvents,
fragrances, biocides, dyes, flame retardants

dyes and dye manufacturing, fragrances, pigments and pigment
manufacturing

an alternative plasticizer used in children’s products due to its low
toxicity; adhesives, colorants, and chemicals used in their
production

fragrances, flavorants, manufacturing of chemicals, cleaning and
washing

flame retardants, fragrances, apparel manufacturing

polymer additives (e.g.,, odor agent, stabilizers); intermediates

example chemicals

permethrin, bifenthrin, chlorpyriphos

tris(2,4-di-fert-butylphenyl) phosphite, octadecyl 3-(3,5-di-tert-
butyl-4-hydroxyphenyl)propionate, 2-(phenylmethylene)

octanal

2,2-dimethoxy-1,2-diphenylethanone, propylbenzene, DEET,

p,p’-methoxychlor olefin

2-(2-butoxyethoxy Jethanol, (1-hydroxycyclohexyl)(phenyl)

methanone, phthalic anhydride

aniline, diphenylamine, dicyclohexylamine, phthalimide

triethyl citrate, dimethyl phthalate, benzaldehyde

1-phenoxy-2-propanol, p-cresol, tris(2-chloroisopropyl)

phosphate

leucomalachite green, Michler's ketone, dehydroabietic acid

bis(2-ethylhexyl) terephthalate, tetradecancic acid, 1,4-bis(2-

hydroxy-2-propyl)benzene

methyl benzoate, triclosan, dimethyl succinate

2-butyl-1H-isoindole-1,3(2H)-dione, octrizole, biphenyl

phosphate

2-hydroxy-4-methoxybenzophenone, hexyl salicylate, 3,5-di-

feri-butyl-4-hydroxyhydocinnamic acid
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Environment International 167 (2022) 107385

o oge
Data AcqlllSltlon Placenta Extracts. Blanks. QC Samples:
Contents lists available at ScienceDirect Spiked tracer solution
Environment International l l
: ; MS! Analysis (ESI+. ESI-): MS? Analysis (ESI+. ESI-): B
—~T o r Triplicate inj.. Randomized b DDA @ 10,20 &40V
ELSEVIER journal homepage: www.elsevier.com/locate/envint SIPTENS P SEE S B2 e
Full length article a.) .
: . . . . . o Data Processing
Integratlve €XpOoso11lc, trallSCI'lptOﬂllC, epigenonic aﬂalyses Of lllllllall . 4
placental samples links understudied chemicals to preeclampsia Feature Extraction & Alignment: Reference Library Matching:
Agilent Profinder Agilent PCDLs

Alex Chao™", Jarod Grossman ", Celeste Carberry ““, Yunjia Lai ©, Antony J. Williams *, yesmsssssnssnssnnsnahenssnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnshosennnnnnnnnnnnadennnnnnnnnnnnn,,
Jeffrey M. Minucci®, S. Thomas Purucker’, John Szilagyi“®, Kun Lu “%2 Kim Boggess ", & A 4 %,
Rebecca C. Fry ©“%, Jon R. Sobus®, Julia E. Rager =** Molecular Formula Assignment: insilico Library Matching:

A Agilent MPP (DSSTox MS-ready Formulae) CFM-IDpsstox =
2 U.S. Environmental Protection Agency, Office of Research and Develop . Center for Comp ional Toxicology and Exposure, Chemical Characterization and & =
Exposure Division, Research Triangle Park, NC, USA . EPA DSSTox -
* Agilent Technologies, Santa Clara, CA, USA L Database: |
¢ Department of Environmental Seiences and Engineering, Gillings School of Global Public Health, The University of North Carolina at Chapel Hill, Chapel Hill, NC, USA H ~850.000 chemical *
4 The Institute for Environmental Health Solutions, Gillings School of Global Public Health, The University of North Carolina at Chapel Hill, Chapel Hill, NC, USA A Custom Data Processing (EPA NTA WebApp): ’b - -
* U.S. Environmental Protection Agency, Office of Research and Development, Center for Public Health and Environmental Assessment, Public Health and Environmental = = MS! feature filtering, ion, blank sub ion, QA/QC evaluation Rubsidncey 5
Systems Division, Research Triangle Park, NG, USA : - DSSToxMS-ready struct hing (10 ppm tol for MS! fi ) :
1.5, Environmental Protection Agency, Office of Research and Develop Center for Computational Toxicology and Exposure, Great Lakes Toxicology and Ecology " - CPCat queries for :andidate structures .
Division, Research Triangle Park, NC, USA 5 = MSYMS? data joining & candidate ranking .
£ Curriculum in Toxicology and Environmental Medicine, School of Medicine, The University of North Carolina at Chapel Hill, Chapel Hill, NC, USA % .

* *

® Department of Obstetrics and Gynecology, Division of Maternal Fetal Medicine, The University of North Carolina at Chapel Hill Chapel Hill, NC, USA

*
®eiuusEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEdiEsEEEEESEEsEESEEEEEEEEEsEEsEEssEEssssssssssssnast®

Data Analysis

| Statistical Analysis (by case status) & Data Filtering |

!

Exposures

| Unsupervised Cluster Analysis (features and patients) I
Multi-Omic Analyses of Placental Disruptions | Prioritization & Confirmation of Chemical Candidates I
Exposomics Epigenomics Transcriptomics l
%%D )\% BbBos0 AN
= I Review of Confirmed and Unconfirmed Chemicals |
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| : : , :
| Reduced in : ! Elevated in NTA on placenta SAmp les:
| Preeclampsia : |l . Preeclampsia Noncljl(;;elniize(én _1 513)7 )and
) 1k : ree =
4: Patients : : 3 ~ Patients P P
| i
| : e = 183 molecular features found
5 3: ! 'l- * ‘ o . signiﬁ.cantly d.ifferent (~6000
S > ! L o potential candidates)
ad | SR °
= : _ : 'lq_. ‘ o = Feature chemicals prioritized for targeted
22! o [ confirmatory work via:
- ; . oo | - = Reference MS2 spectrum match
e —— e ._gl...........i.".-__';L._.ﬁ_.___---_-.--- » [n silico MS2 spectrum match
1. | = Data source counts
o I = (CPCat database presence
i . = 46 chemicals prioritized / acquired
0 I T : r 1 I
—10 =5 0 > 10 = 25 chemicals confirmed via targeted analyses
Log2 Fold Change
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8

Stronger association
Human MetaboliSM  ce——) 7 with biological
Chemicals changes

Modest association
with biological
changes

Weaker association
with biological

Exogenous Chemicals
changes

(drugs)

Preeclamptic Patients Normotensive Patients

Major Source Category Relative Feature Abundance
[l Exogenous (drug) [ Human Metabolism ~ -SD 0 N +SD

Relative Multi-Omics Score

-SD [0 +SD

|:] Exogenous (non-drug) . Unidentified
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A ? B ‘
ST More work is needed to
il identify all compounds
® Exogenous (drug . .
= ) w Dlijiran malbalsrs elevated in _preeclamptlc
~ Exogenous (non-drug) 1 patients
o * Unidentified
é w | @ @ 9® ‘Q
ot - i | o
ke ® |
5 .
®
£ < o T Source and use
=) . . A
= information, along with
0] W | ! | 14 20 clustering patterns,
° ,,g’ , el iy 15 & provide clues to
- /10 I chemical origins
o N oQ
— : : : } : . ; - - - : ¥ 5 V‘Q N
5 10 15 20 25 30 35 5 10 15 20 25 30 35

Frequency Frequency
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* NTA methods can detect many analytes in virtually any sample matrix

* Tentative IDs in NTA studies far outweigh confirmed IDs

* Methods and tools are needed to prioritize tentative IDs for confirmation
* Prioritization should be based on:

* Likelihood of presence (informed by source and use information)
e Likelihood of importance (informed by provisional risk metrics)

e Future work will move towards:

* Efficient prediction of source & use for tentative IDs
* Network approaches to identify sources of feature clusters
e Approaches to quantify tentatively identified chemicals without standards
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Questions?

sobus.jon@epa.gov
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The views expressed in this presentation are those of the
author and do not necessarily represent the views or policies
of the U.S. Environmental Protection Agency.
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