n Ex Priori: A Screening-Level Chemical Prioritization Dashboard for Consumer Exposures
EPA

United States Michael R Goldsmith2, Caroline L Ring2, Heidi F Hubbard1, Tao Hong1, Cara C Henning1, Daniel A Vallero2, Peter P Egeghy2 1

Environmental Protection
Agency ICF International. 2635 Meridian Parkway, Durham NC 27713.

2U.S. Environmental Protection Agency, Office of Research and Development, Durham, NC 27713

Rocky Goldsmith | goldsmith.michael@epa.gov | 919-541-7770

Abstract Components of Ex Priori Demonstration of Exposure Signature
o o . . . . | A B T D 3 F G H J K L M N 0 p Q R 5 T 1
° o L/
Exposure to a wide range of chemicals through our daily interaction with [ Chemicale and Product. Receptor and Environmental Ja\ 1 e st s byt o N
consumer products 1s ubiquitous and largely unavoidable. Due to the breadth I] Specific Inputs Inputs - D ORI K G
of consumer product formulations of chemical ingredients and the diversity of % Yf T e e T e o
consumer-specific habits and practices the task of quantifying one’s chemical ) T e s | s o sne ol oo [
. . el . . 7| & 222"Nitrilotriethanol 102716 3 4 SOE01  48E03  29E05  SOEDI B5ED4 9919 | 081 0.00 Inhalstion Routa
exposure profile can be overwhelming. =postitenoritization{Ex Briotl) e B R e mn
. . . . . . . . . 10: 7 Diphenyl Ether 101-84-8 9 7 by 9 6| 0O0Ef00 23804 25802 25E02  4.3E-04 0.00| 093 Product Use Category Weighting Factor
* The U.S. EPA's Exposure Prioritization (Ex Priori) tool 1s a simplified, " h . | g e |y T R e e G :
TIUTHN FR Ranks 7 Pathways by Internal Dose e B ot imm e o ol o[ :
quantitative visual dashboard that makes use of data from various inputs to 1 y> DYy | moss| 5 5 AR H e i sl e comm | e i
1 16 renicammldon e |0 WS s ke owm  ses sre swelmmm ool e e i
prOVIde rank-ordered lntemallzed dOse-metrlc and to address the Very questlon ::;: ;: z:zﬁ::;:wlenediphenvlDiisucvanate 101-68-8 15 15 7 b 17 2.3E-03 5.2E-04 19E-05 2.8E-03 3.1E-05 BU.??- 18.54. 0.69 Pesticides < >
, . L inhalation Dermal Ingestion e B ) |
of one’s personal chemical exposure to all chemicals in consumer products. I e T
: : : Cee Al 1 romsmasotiasomume  wonass | 2 mi 0 m W e omeo imes riro  cocofmsm  om oo ([UASRRP
* Developed as a screening level flexible dashboard-type chemical prioritization Airborne direct - gases and particles Direct dermal contact Ingestion indirect - incidental R N R R L B g ey
. . . . . . . . Airborne indirect— partides Ingestion indirect = hand-to-mouth %6 23 Hexamethylenetetramine 100-97-0 23 23 14 11 13| 3586E05 5958E-06 00004921  0000S3¢  8.835E-7 672 1.12 IS e
tool, Ex Prior1 provides a scenario-specific ranking of multiple chemical Airborne indirect gases Ingestion indirect — surface resuspension A B - e
exposures from consumer products while accounting for physico-chemical ; P~ 1 evosre ok st osre sty sty S
. . . . R . . . - NS LY _ . : 7\
properties (e.g., partitioning coefficients); exposure factors; and variations in :»m ("')j @ E Il G UG

Daily Daily Dermal Ingestion Inhalation Amount Amount Fraction Fraction Fraction

product formulations, activity patterns, and product use profiles (e.g. habits

CAS-RN Intake Intake EXpOSUre Exposure EXpOSUre absorbed remaining dermal ingestion inhalation

and practices). Additionally, Ex Prior1 extends traditional exposure models by Figure 1. Schematic plot of Ex Priori ATy T e e 1 o B T v
. . . . . R e — T T
lnCOI‘pOI'atlIlg ChCIIllCEll-SpGClﬁC pI’GdlCthﬂS OfADME processes to estimate MO d el Inputs / Outputs 9| 6  Hexylcinnamaldehyde 101-86-0 7 49E03  OOEW0  ODEW0  4SE03  TEDS mm- u.ml 000
10 7 Ceramides 100403-19-8 11 6.0E-04 47E-04 9.1E-08 1.1E-03 5.8E-05 56.13 43.86 0.01 Product Use Category Weighting Factor
route- and chemical-specific internal doses. : B | ool it orcio e oL e ooy MR :
Model inputs : e o | T ;
15: 12 Diethyl Phthalate 84-66-2 13 45E-10 4.8E-04 7.8E-10 4.8E-04 3.9E-06 0.00 _ 0.00] Inside the Home | € >
* Product to Chemical signature table (228 consumer product categories with a B 0 o e Dt e e ke ire oo DESEEEEE] e q] i
B a C kg ro u n d . . . . 18 15 4 4-Methylenediphenyl Diisocyanate  101-68-8 15 —— 4 8E-06 7.6E-06 2.9E-08 1.3E-05 1.4E-07 39.17 -0.59_ Pesticides £ b
total of 1634 chemical ingredients of known chemical structure) 0

Figure 3. (A) Demonstration of how a sample set of only 50 chemicals in consumer products (i.e. not all

. o . chemicals in consumer products) will rank order differently as a function of activity patterns in the dashboard

° Assumptlons on indirect chemical transfer tab of the Ex Priori worksheet. (B) By tuning down all other activity categories one can recognize that certain

. . . . . . . chemistries have “flipped’ in terms of exposure potential, and that others have either disappeared or become
Scahng factors (p hysmloglcal, biomechanical and/or activity related) de-prioritized. In theory, each person/population relative setting will result in a slightly different chemical

Model OlltplltS: exposure prioritization list.

Ex Priori was developed to capture “algorithmically” (model) the near-field * Exposure Factors (Amount, frequency, duration, mode) assigned by user

consumer-product derived “exposome” and set the grounwork for an adaptable
framework that synthesizes knowledge from various domains and amenable to
new knowledge/information exploration:

« Exposure Scenarios: geographical/temporal scales mined from infoveillance *  Generate multi-chemical signatures of exposures based on exposure factors

sources (i.e., Google Trends, Big Data informatics) and consumer Product compo.smon | Discussion & Conclusion
« Chemical Factors: consumer product profile maps, QSAR derived PC & * Body-burden signature as an internal consumer product exposure biomarker
B signature .
ADME parameters 8 S , “If these are the things I do and the products I use, then
. Exposure factors: use, amount, frequency, area, form and route of exposure * Breakdown of body-burden by route of exposure (dermal, ingestion, inhalation ) ) ) .
routes) which chemicals am I being exposed to
Consumer Exposures * EXx Prior1 translates personal chemical exposure from seven exposure pathways
! ] | for 1634 chemicals present in 228 consumer product categories to a rank-ordered
o - | interactive visual representation of body burden.
Human Activity & EX PRIORI’s Exposure Prioritization Dashboard PrOdUCt Use ] o . b . 4 . ) .
Pxpezure Fadrors / \ * EX Priori contains customizable controls (i.e., sliders) to vary user-specific
Eartiiiuning h_t Mass dep:}sitgd on . . . .
S ,*’lﬂﬂ':bf; EE':..,? PR A Skin activity which can be updated by the user to account for particular exposures
‘ l' e e @ such as hobbyist or occupational users who have higher exposure potential.
PR TR T e 0 SR Y Floor . @De I * By adjusting Ex Prior1 controls for different scenarios, all 1634 consumer
Inhaled & Inhaled Floor dus,_t ngestion Indirect:. r r . . . . . . . . _
N 5 ::t | 5; dﬁ?:; A Dhnled gases Postuse L eematon  yond to-mouth  Absorbed through product ingredients are simultaneously reprioritized on anticipated body-burden,

Determined byvolumeof ~ Personal bubble& room, of daposited St i SKin enabling a fast representation of one’s day-to-day personal multi-chemical

personal bubble, inhalation inhalationrate, and air chemical, dust mouth transfer efficiency Determined by skin

: | ‘ ey / rate:and asatration exchange rate loading, & room size & skin loading Iuadin%;:::?;?bilm (3 exposures fr()m consumer products
TR HBon . s . . . .
! ‘ ﬂ (3 & * We are working to develop a public release of the Ex Priori spreadsheet model in

Activity trends

Resuspended st F 2021, and a “lighter” web-enabled version that does not require third-party
Incidental ingestion
Generie Product Cloee. floor dust i, o software (1.e. Excel or R-Studio, etc...) that will allow any user (general public,
eneric Product Class feauraiens & | mgestmnlratj& floor dust
Chemical Composition Data g0 judgement IR " @ N exposure scientists, risk assessors) to estimate their own personal chemical
— e Rl | RO S T oot i o it and s, i
Y ags VAl Ala 4 Inhaled PM, . postuse  Ingestion of TSP post use exposures as a function of their own habits and practices, providing a personal
.= A | Determined by inhalation rate, Determined by inhalation rate, . c . . .
- PM, concentration, & floor TSP concentration, & floor dust prioritized list of chemical exposure.
dust loading loading _—.
Figure 1. Original Ex Priori (Exposre Prioritization Framework) prototype from 2014. The Ex Priori “tinker-toy” model ( r,ﬁl'l
worksheet enabled one to: (1) didactically explore a distribution of exposure scenarios, physiological and other physical A4
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exposure factors (2) explore occupational exposures, life-stage specific exposures and exposures from multi-chemicals
from many activities/sources simultaneously (3) couple Big Data derived exposure scenarios that capture geospatial and Fi gure 2. A pportionment Of mass by exposure pathway in Ex Priori. Environmental Protection Agency.]

temporal (i.e., seasonal) discrepancies as well as chemical products database derived informatics.
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