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S1. Ex Priori model structure
51.1. Product-specific Inputs

Where possible, Ex Priori has been harmonized with existing EPA data and modeling
efforts. As such, where possible, product-specific data are gathered from EPA databases
or harmonized with higher-tier EPA exposure models. Where scenario-specific product
data are known or required, the user can overwrite any variable associated with a product
or add and parameterize a new product.

S1.1.1. Product Composition

Product composition data are collected from CPDat [1], a large database of consumer
product composition data containing over 49,000 chemicals. The full CPDat database is
available for download and can be used from the EPA Chemistry Dashboard
(https://www .epa.gov/chemical-research/chemical-and-products-database-cpdat). CPDat
is composed of chemical use and consumer product composition data from numerous
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public sources of measured, modeled, and reported data, including the Substances in
Preparation in Nordic Countries (SPIN) database; information provided by companies,
trade associations, and regulatory agencies such as the U.S. Environmental Protection
Agency (EPA) and Food and Drug Administration (FDA); the DrugBank database of phar-
maceutical products; and information mined from the Aggregated Computational Toxi-
cology Resource (ACToR) database developed by the U.S. EPA [2]. The data are catego-
rized by usage and function and then grouped into product categories. Ex Priori is popu-
lated with the 228 product categories used by CPDat and divided into nine broader cate-
gories: Arts and Crafts, Auto Products, Home Maintenance, Home Office, Inside the
Home, Landscape/Yard, Personal Care, Pesticides, and Pet Care. Examples of the 228
CPDat product categories within each of the nine broader categories include (Arts and
Crafts) Play Dough; (Auto Products) Antifreeze; (Home Maintenance) Caulk/Sealant;
(Home Office) Printer Ink/Toner; (Inside the Home) Air Freshener; (Landscape/Yard) Fer-
tilizer; (Personal Care) Body Wash; (Pesticides) Insect Repellent; and (Pet Care) Spot
Cleaner. For clarity of language, Ex Priori refers to the 228 CPDat product categories as
“products”, envisioning each one as a single generic product (even though it likely in-
cludes multiple brands and/or varieties). The nine broader product categories are referred
to as “product categories.”

Ex Priori uses the CPDat average mass fraction of each chemical in each product
(grams of chemical per gram of product) as the basis of its product composition data. (2)
Because compositions may vary for different brands of a given product, taking the aver-
age mass fraction of each chemical across these brands may mean that the average mass
fractions within a given product may sum to more or less than 100%. For example, Product
X may have an average composition of 60% Solvent A, 60% Solvent B, and 60% Solvent C,
summing to 180%. This is not a problem because Ex Priori considers exposures one chem-
ical at a time and does not attempt to model chemical co-exposures. In other words, the
product is not assumed to simultaneously consist of 60% Solvent A, 60% Solvent B, and
60% Solvent C. Rather, Ex Priori evaluates potential exposures to Solvent A for the case
where Product X is 60% Solvent A; then, it evaluates potential exposures to Solvent B for
the case where Product X is 60% Solvent B, etc. Therefore, average mass fractions were
taken as-is, with no normalization or other transformation applied.

Product composition data are included in matrix form in the “Chem Prod Pct Matrix”
tab of the Ex Priori model spreadsheet (as percentages) and are converted to mass frac-
tions on the “Chem Prod MassFrac Matrix” tab.

51.1.2. Habits and Practices: Mass, Frequency, and Duration of Product Use

The mass of product used during each event, frequency of use events per year, and
the duration of product use for each product category are harmonized with SHEDS-HT
and are presented in Isaacs, Glen [3]. Where possible, mass, frequency, and duration of
product use data are drawn from the published literature. However, these data are sparse
and frequently require expert judgment. This is recognized as a data need. In order to
estimate an average day of exposure over the course of a year, in which products would
be expected to be used intermittently, the annual frequency of product use and the mass
of product used per use are multiplied together and divided by 365 to develop the average
mass of product used per day (Equation S1).

Equation 51. Mass_chem

Massprod = USeday = Frequse X Massproduct, per use/365 (S1)

The mass of a given chemical in the mass of product used per day is given by multi-
plying the daily mass of product used by the mass fraction of chemical in the product,
Fenem (Equation S2).

Equation S2. Mass_chem from Mass_frac_chem and Mass_prod

Masschem= Fchem X UsedaLy (52)
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Habits and practices data and calculations are performed in the “Products Input” tab
of the Ex Priori model spreadsheet.

S1.1.3. Dermal and Floor Factors and Outdoor Dilution Factors

Two factors, dermal and floor factors, are used to govern how mass that is emitted
during product use that does not remain in the air compartment is divided between set-
tling on the skin or settling on the floor, where the floor is used as a proxy for interior
surfaces. These factors vary based on the product and the way it is administered. For ex-
ample, a lotion applied directly to the skin will have a larger dermal factor than a product
used outdoors.

Two dermal default values presented in Isaacs, Glen [3] are used to estimate exposure
in Ex Priori: the percent of product in contact with the skin and the percent of product
retained on the skin post-washing. The percent of product retained on the skin is utilized
as the dermal factor and is used to calculate dermal loading in Ex Priori rather than as-
signing a loading and washing efficiency because of high uncertainty in the latter variable.
The mass of product that partitions onto the skin is calculated using the total mass of
product used per day and the dermal factor (Equation S3).

Equation S3. Use_day_dermal

Us€gay, dermai=US€qay X Dermal_factor (S3)

Here, we assume that for products used indoors, the percentage of mass that is avail-
able to the floor (Floor_factor) is generally determined by taking 1 - Dermal_factor. For
example, if 90% of the product is in contact with the skin, 100%-90%, or 10%, is assumed
to be available to the floor and other indoor surfaces. Product categories with the word
“exterior” in the product name and products in the Landscape/Yard global category are
assumed to be used outdoors and are therefore assigned a floor factor of zero. This as-
sumption may underestimate the outdoor incidental ingestion exposure of product settled
onto soil, particularly in cases where a large amount of exterior product would be applied
to a relatively small parcel of soil, creating “hot spots” of contaminated soil that could be
subsequently inadvertently ingested. However, considering the uncertainty in character-
izing soil and soil contamination, the assumption is made that ingestion exposure to exte-
rior products will be lower than to products used indoors.

The mass of product that partitions onto the floor is calculated using the total mass
of product used per day and the floor factor (Equation 54).

Equation S4. Use_day_floor

Usegay, floor=US€qay X Floor_factor (S4)

Finally, an outdoor inhalation dilution factor (Inhg;) of 20 is applied to product cate-
gories assumed to be used outdoors (those with the word “exterior” in the product name
and products in the Landscape/Yard category); a dilution factor of 1 is applied to other
products. The outdoor dilution factor is derived from Klepeis, Gabel [4]. This means that
for inhalation exposure purposes, the effective mass of product accounting for outdoor
dilution is given by Equation S5.

Equation S5. Use_day_air

Useday, air=Useday / Inhdil (S5)

Dermal and floor factor values and calculations as well as outdoor dilution calcula-
tions are performed in the “Product Inputs” tab of the Ex Priori model spreadsheet.

51.2. Chemical-specific Inputs

The chemical-specific inputs utilized by Ex Priori include physicochemical properties
(Supplemental Table S2) and quantitative structure-activity relationship (QSAR) predic-
tions/estimates for internal exposure estimates (Supplemental Table S3). Physicochemical
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properties were determined for each chemical using OPERA [5]. The property values in
the current version of Ex Priori are from a September 2016 version of OPERA.

Out of 1634 chemicals included in CPDat, 1108 chemicals could be mapped to unique
structures on the CCD and could therefore be assigned physicochemical properties.
Therefore, only these 1108 chemicals are considered in this analysis. QSAR predictions are
based on the published literature. QSAR models are discussed in detail in the Supple-
mental Material section for each exposure pathway in which they are used. Chemical-
specific inputs can be found in the “Chemical Inputs” tab of the Ex Priori model spread-
sheet.

51.3. Receptor and Environmental Inputs

To model a human receptor, Ex Priori requires human exposure factors, including
inhalation rate, skin surface area, hand-to-mouth fraction, and the ratio of hand surface
area to body surface area. To model an indoor exposure scenario, Ex Priori also requires
environmental exposure factors including room size, building ventilation rate, dust load
per square meter of floor, air volume of near-field “user bubble”, air flow between user
bubble and the larger room, and air concentrations of total suspended particulates and
PM2.5. These parameters are detailed in Supplemental Table 54 and can be found in the
“Scenario Inputs” tab of the Ex Priori model spreadsheet.

51.4. Exposure Pathways

The mass of each chemical and the overall product mass across the product categories
used are apportioned across inhalation, dermal, and ingestion routes, as shown in Figure
52 in the main text.

First, the chemical mass is treated as partitioning between the product itself and the
air in the room based on the air-water partitioning coefficient. The mass that partitions to
the air is initially assumed to be available to the inhalation pathway, and the remainder is
available to the floor and skin surface, as determined by the product-specific floor and
dermal factors. The chemical mass that partitions via the air compartment can be inhaled
either during or post-use. Of the chemical deposited on the skin, chemical mass can be
absorbed dermally, as determined by the chemical-specific dermal flux, or mass can be
ingested by hand-to-mouth contact. Of the chemical that is deposited on the floor, mass
can be ingested via incidental dust ingestion facilitated by hand- or object-to-mouth con-
tact, or the deposited dust can be resuspended. Small resuspended particles can be inhaled
deep into the lungs, while larger particles can be inhaled, trapped in the upper airway,
and subsequently ingested. Exposure-by-pathway is discussed in finer detail in the fol-
lowing sections.

S1.4.1. Inhalation

Inhalation exposure is broken into three pathways: direct airborne exposure during
use, indirect airborne exposure post-use, and indirect inhalation of resuspended mass
originally deposited on the floor. The calculations for these three inhalation pathways can
be found in the “Inh_in_use”, “Inh_after_use”, and “Inh_particle” tabs of the Ex Priori
spreadsheet, respectively.

S1.4.1.1. Preliminaries

Direct and indirect airborne exposures are modeled using a two-zone model [6],
which assumes a smaller volume of air constituting a near-field “user bubble” within a
larger room. The volume of the user bubble is denoted as Voubie, and that of the larger
room is denoted as Vrom. Air is exchanged between the user bubble and a larger room at
flow rate 3 (m3/hour). The air exchange rate of the larger room (building ventilation) is
denoted as AER (number of air changes per hour), which converts to flow rate Q = AER x
Vroom (m3/hour). The emission rate G of a specified chemical from the product into the air
is assumed to be constant during product use and zero after product use. Other relevant
parameters include the average adult inhalation rate (Inhrat, m?/day ) from the Exposure
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Factors Handbook [7] and the duration of product use (Durus, minutes, found on the
worksheet “Product Inputs”). For compactness of notation, it is convenient to convert the
duration of use into units of hours and to refer to it as D (Equation S6). (Note that the
column “Dur_use” on the worksheets “Inh_in_use”, “Inh_after_use”, and “Inh_total” re-
mains in units of minutes; the conversion to hours occurs in each formula that uses this
quantity.)

Equation S6. Dur_use converted to hours

D = Dur_use/60 (S6)

51.4.1.2. Approximation of Constant Emission Rate G

The constant emission rate G is approximated using the chemical-specific air-water
partitioning coefficient K,,,. K, is a physicochemical property that is known (either
measured or QSAR-predicted) for the chemicals considered by Ex Priori.

Imagine a volume of liquid product, Vi, that contains a mass of chemical Masspep,.
The product is allowed to stand in contact with a volume of air, V,;,. The chemical will
diffuse from the liquid into the air. If the diffusion is allowed to proceed for a long-enough
time, then the chemical concentrations in the air and liquid (Cehem-air aNd Cepem-iiq) Will
reach steady state. At steady state, the mass of chemical in the air is denoted as
Mass em-air- and the mass of the chemical remaining in the liquid product is denoted
MasScpem.liq- The steady-state ratio of Cehem-air t0 Cehem-iq i described by K, (Equation
S7).

Equation S7. Kaw as ratio C_chem-air/C_chem-liq

Kg_w — Cchem—air — Masschem—air/Vair (87)
Cchem—liq Masschem-liq/Vliq
Additionally, at steady state, the total mass of chemical originally in the product is
divided between Massem-air and Masscpem.iq (Equation S8).

Equation S8. Mass balance between air and liquid

MasscheszaSSchem—air+ Masschem—liq (88)

If we can use K,, to estimate a value for Mass,em-air, then we can estimate the con-
stant emission rate G by assuming that Massem .y 1S emitted steadily over the duration
of product use (Equation 59).

Equation S9. Constant emission rate

G = MaSSthem—air (59)

However, in order to use K, to estimate a value for MassSgem-.air and therefore G,
we need to know not only K,,,, butalso Vjq, Vi, and Massgemaiq (based on Equation S7).

To find Vq, assume that the product is aqueous (liquid) and has a density
Pproa €qual to water (1 g/cm?®) and a mass denoted by Massprod. This assumption means
that Ex Priori is implicitly limited in its scope to aqueous consumer products and is not
applicable to solid consumer articles. Then, V};; (in units of md) is given by Equation S10,
where the factor 1 x 107® converts the liquid volume from cm? to m?.

Equation S10. Vliq from Mass_prod

Mass
Vig = —22%prod o9 % 1076 (510)
q
pprod

To find V,;,, consider that under the assumptions of the two-zone model, the liquid
product stands in contact with the air inside the user bubble. However, air is continuously
flowing through the user bubble while the product is being used, so ultimately, the chem-
ical will diffuse into a larger volume of air than the fixed volume of the user bubble. In
fact, the chemical will diffuse into the total volume of air that flows through the user bub-
ble during product use. Under the assumptions of the two-zone model, the air flow rate
through the user bubble is 3 (m*hour). The duration of product use was defined to be D
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hours. Therefore, the total volume of air that flows through the bubble during product use
is given by Equation S11.
Equation S11. V_air = beta*D

Vair = BD (511)

In other words, we assume that the total amount of chemical emitted will be the same
as if the product stood in contact with the full volume of air D all at once and long
enough for diffusion to reach steady state. Of course, in reality, diffusion (and therefore
the emission rate) is time-dependent; however, we make this simplifying assumption for
reasons of computational tractability. See Section 53.3 for further discussion and some
analysis of potential errors in this assumption.

Substituting the expressions for Vj;q and V,;. (Equation S10 and Equation S11, re-
spectively) into the definition of K,, (Equation S7), the following equation emerges
(Equation S12):

Equation S12. Kaw with definitions of Vair and Vliq
Cchem—air _ Masschem—air/ﬁD
Cchem—liq Masschem-liq/(Massprod/pprod x1x 10_6)

Finally, to find Massem.1iq, NOte that at steady state, the total mass of chemical in the
product is divided between the air and the liquid (Equation 513).
Equation S13. Mass balance between air and liquid

Ky = (512)

Masschem= Masschem-air+ Masschem—liq (813)

Then, combining Equation 512 and Equation 513, Masschem-air is given by Equation
S14.
Equation S14. Expression for Mass_chem-air

K,y X Massgem X BD
Mass ;g

Masschem-air =
(514)
+ K, X BD
pprod aw ‘8
Equation S14 implies that the air concentration Cgem-air is given by Equation 515.

Equation S15. C_chem-air

Cchem-air = Masschem-air/ﬁD (815)

Because this steady-state emissions model is only an approximation, it is possible
that it may predict a value for Massgen.oir that would produce an air concentration higher
than the chemical’s theoretical saturation concentration in air. To correct for this possibil-
ity, the theoretical air saturation concentration is predicted using a QSAR model (Equation
S16).

Equation S16. Csat QSAR

_ 133 x0.0075 x VP x MW

C...= (S16)
sat 8.314 x 298
The fraction of total mass that goes into the air is termed Inair (Equation 517).
Equation S17. In_air
133 x 0.0075 X VP x MW
_ 133 x0.0075 xV (817)

sat = 8.314 x 298

The remainder of the mass (1- Inair) is available to the skin and the floor and is divided
between the two compartments using the dermal and floor factors.

Equation S14 describes the mass of chemical (and with Equation S9, the emissions
rate) for a chemical in a single product. Rather than calculating inhalation exposure sepa-
rately for each product and then summing, first, product masses and chemical masses are
combined (as though all products that contained a given chemical were mixed together
and used all at once), and then inhalation exposure is calculated only once, for the com-
bined product.
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To combine product masses, Massprod in Equation S14 is replaced by Sumyoq car @
weighted sum of product masses across product categories (Equation 518). The weights
are the product-category weights, where Wij is the weight for the j* product category.
Within each product category, the Usegy,y, i values (Equation S5) are summed over all
products in the category (including any outdoor dilution factors). This calculation is per-
formed in tab “Sum Prod Cat” of the Ex Priori model spreadsheet.

Equation 518. Sum_prod_cat

Sumprod_cat = Z VV] X ( Z Useday, air,i\ (818)
j € product categories I € products in category j
Kcontaining specified chemical
To combine chemical mass across products, for a given chemical, Masschem in Equa-
tion S14 and Equation S17 is replaced by Sumcpen cat inn, @ Weighted sum of chemical
masses across product categories (Equation S19). The weights are the product-category
weights, where Wj is the weight for the jt product category. Here, the effective chemical
mass (including any outdoor dilution factor) is calculated for each product by multiplying
the Useg,y, air values (Equation S5) for each product by the mass fraction of chemical in
the product, Fien,;. This calculation is performed in the “Mass Chem Air” tab of the Ex
Priori model spreadsheet.
Equation S19. Sum_chem_chat_inh

Sumchem_cat_inh = Z VV] X Z USeday, air,i X Fchem,i (519)

j € product categories i € products in category j

Finally, the duration of use, Dur_use, is different for every product. When products
are combined, D in Equation 514 (where D = Dur_use/60) is replaced by Dur_useavs/60,
where Dur_useavg is the duration of use averaged across all products that contain a given
chemical (Equation S20). This calculation is performed in the “Prod Dur” tab of the Ex
Priori model spreadsheet.

Equation S20. Dur_use_avg

1
Dur_use,,, = — — - Dur_use;
7% # products containing specified chemical , ' (S20)
i € all products
containing specified chemical
51.4.1.3. Airborne Direct (Gases and Particles)
Under the assumptions of the two-zone model described above, it can be shown that
inhalation exposure during product use (Intakeinh_in_use) is given by Equation S21-Equation
S23 (full derivation available in Section S3.1). These calculations are performed in the
“Inh_in_use” tab of the Ex Priori model spreadsheet.
Equation S21. Intake_inh_in_use
a, a;
Intakeinh_in_use= Inh_rate/24 X {/1— [exp (A,D) — 1] + N [exp (A,D) — 1] + a5 [D]} (S21)
1 2

Equation S22. Coefficients for two-zone model (lambdas, a, b, ¢, d)

4= —(a+d)— J(a+d)?—4(ad — ac)

2 2
a = f/Voubble (s22)
b = 1/Vyubble
¢ = B/Vioom

d= (Q + .[g)/vroom
Equation S23. Alpha coefficients for Intake_inh_in_use
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_ &
(FFa)e

51.4.1.4. Airborne Indirect (Gases)

After product use, the airborne concentration of the chemical of interest will not im-
mediately return to zero (or background). Instead, the chemical will be removed via ven-
tilation, reaction, or sorption. This screening tool only considers removal by ventilation in
the context of the two-zone model. It can be shown that under the two-zone model as-
sumptions above, the inhalation intake after product use (Intake_inh_after_use) (for the
remainder of a 24-hour period after product use duration D) is given by Equation 524-
Equation S25. (Full derivations are provided in Section S3.2.) These calculations are per-
formed in the “Inh_after_use” tab of the Ex Priori model spreadsheet.

Equation S24. Intake_inh_after_use

(S23)

az =

1) 1)
Intake_inh_after_use= Inh_rate/24 X {/1—1 [exp (/11(24 — D)) — 1] + /1—2 [exp (/12 (24 — D)) — 1]} (524)
1 2

Equation S25. Delta coefficients for Intake_inh_after_use

6, = a,exp (4, D) + a; [1 - </12 i/h) (a(cd— 2 - /11)]

,120(—3/11) [a(cd_ 2- /11]

(a1, ay, and a3 are given by Equation 523, and 4, 4,, and a are given by Equation 522.)

(S25)

8, = azexp (A,D) + (

$1.4.1.5. Airborne Indirect (Particles)

Chemical mass that falls to the floor after use mixes with the dust on the floor and
can then become resuspended and inhaled. Resuspension rates are highly variable de-
pending on particle size and activity within the room. To estimate the inhalation of resus-
pended particles, first, the total chemical mass available to be deposited on the floor (Sum-
chem_cat_floor, Equation 526) is estimated as Useday, fioor multiplied by the mass fraction of the
chemical in each product (Fehem), which is summed first within a product category, and
then a weighted sum is taken over all product categories using the product category
weights (wWhere Wij is the weight for the j*» product category). These calculations are per-
formed in the “Sum_chem_cat_floor” tab of the Ex Priori model spreadsheet.

Equation S26. Sum_chem_cat_floor

Sumchem_cat_ﬂoor = z VV] X Z Useday, floor i X Fchem,i (526)

J € product categories i € products in category j
containing specified chemical

The chemical available to the floor (Sumchem_cat_fioor) is subject to air partitioning, so the
final mass of chemical on the floor (Chemg,,,) is equal to Sumchem_cat_floor multiplied by the
fraction of chemical that does not partition into the air (Equation 527).

Equation S27. Chem_floor

Chemﬂoor = Sumchem_cat_ﬂoor X (1 - Inair) (527)
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The mass of dust on the floor (Dustger mass) is given by the dust floor loading (parti-
cles per unit area) multiplied by the floor surface area (Equation 528). (Dustiior_iead levels
are from Wilson, Jones-Otazo [8].)

Equation S28. Dust_floor_load

Dustpoor mass = DUStaoor 10ad X TOOM; X room,, (528)

The mass of chemical on the floor Chemg,,, is then assumed to mix with the dust
available on the floor, resulting in a mass fraction of dust that is composed of the chemical
of interest, Chemyy roc (Equation S29).

Equation S29. Chem_dust_frac

Chemg,,r

Chemdust_frac = (529)

DuStﬂoor_mass + Chemﬂoor

Particle inhalation exposure was assumed to involve dust particles less than 2.5 mi-
crons in diameter (PM:s), which can penetrate deeply into the lung. The concentration of
PM25 (Cemzs) was taken from Deshpande, Frey [9]. For this estimation, the settled dust and
PM25were assumed to be in equilibrium with respect to the chemical of interest. The ex-
posure from particle inhalation (Amti,, paricie) can then be calculated (Equation S30). These
calculations are performed in the “Inh_particle” tab of the Ex Priori model spreadsheet.

Equation S30. Amt_inh_particle

Amtinh_particle = Inhrate X Chen‘ldust_frac X CPMZ.S x1 day (530)

51.4.1.6. Inhalation Absorption

The mass of inhaled chemical that is subsequently absorbed (Absinn) is calculated us-
ing the blood:air partitioning coefficient (Kva) estimated using the methodology from
Buist, Wit-Bos [10] (Equation S31).

Equation S31. Log10 K_ba

log0(Kpe) = 6.96 — 1.04 X log,,(VP) — 0.533 X log;((K,y) — 0.00495 x MW (S31)

The Kua is used to calculate the fraction of the total chemical mass inhaled that will
partition to the blood (Abstrac_inh) (Equation 532).
Equation S32. Abs_frac_inh
_ Kba
1+K,,

This is multiplied by the total mass inhaled to obtain the mass absorbed (Equation
S33). These calculations are performed in the “Inh_total” tab of the Ex Priori model
spreadsheet.

Equation S33. Abs_inh

Absfrac_inh =1 (832)

Absinh= Absfrac_inh X (Intakeinh_in_use+ Intakeinh_after_use+Amtinh_particle) (533)

S1.4.2. Dermal Direct

Dermal exposure (calculated in the “Dermal” tab of the Ex Priori model spreadsheet)
is described by the steady-state flux of chemical through the skin (JSS) and the surface
area of skin exposure (SAsun). To estimate this, first, the total chemical mass available to
be deposited on the skin (Sumchem_cat_dermal, Equation S34) is estimated as Useday_dermal, mul-
tiplied by the mass fraction of chemical within a product Fehem, and summed first over
products within a product category, and then a weighted sum is taken over all product
categories using the product category weights (Wj is the weight for the j™ product cate-
gory).

Equation S34. Sum_chem_cat_dermal
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Sumchem_cat_dermal = z VV] X Z Useday, dermal ,i X Fchem,i (834)

J € product categories i € products in category j

As shown in Equation S35-Equation 544, the chemical mass fluxed through the skin
(AbSgermar-fiux) I units of g/day is a function of molecular weight and octanol-water parti-
tioning, as presented in Weschler and Nazaroff [11]. The thickness of the skin lipid layer,
Thy, is assumed to be equal to 1.3 microns [11]. The default area of skin exposure is set
equal to SA,qy the surface area of an adult human as reported in the Exposure Factors
Handbook [7]. Because the flux rate is independent of the chemical loading on the skin,
an upper bound of dermal absorption was set to ensure that the mass absorbed was not
greater than the total amount on the skin (Skinj,q X SA,qu:)- The skin loading per unit
surface area was equal to the mass of chemical available to the skin, estimated as the frac-
tion of chemical not in the air (1-In.ir) multiplied by the mass of chemical available to the
skin (Sumchem_cat_dermat).

In other words, the model assumes that out of the chemical available to the skin (de-
fined by Sumgpem cat dermar), SOme fraction Inair partitions into the air before any dermal ab-
sorption occurs. Inairis defined according to the chemical air emissions model described
in the Inhalation section (Equation S17). Therefore, assumptions that affect chemical air
emissions will also indirectly affect dermal exposure.

Equation S35. Abs_dermal

AbSjermal = min[Skinjoaq X SAqquit AbSdermal-flux] (535)
Equation S36. Abs_dermal_flux
ADbSgermal-flux = JSS X SAagule (536)
Equation S37. JSS
JSS = ky, X C, (S37)

Equation S38. k_pl

ey, = - (S38)

Kiw

Equation S39. C_1

_ Skinload
L= T, (539)
Equation S40. Skin_load
S
Skinload — (1 _ Inair) % UMchem_cat_dermal (540)
SAadult
Equation 541. Log K_bw
log(K;,) = 0.74 x log(K,,,) (541)
Equation 542. k_p-w
kp cw
= — 54:2
ow =115 (542)
Equation 543. B
Ky cw X MW O3
=B 543
5 2.6 (543)

Equation S44. Log k_p_cw
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2
log(kp ow) = 0.7 x log(K,,,) — 0.0722 x MW3 — 5.252 (544)

Note that Usegay, dermar,i includes the dermal factor for product i, which represents
the fraction of product retained on the skin after washing, as derived in SHEDS-HT. There
is no further wash-off or other pathway to remove product from the skin; rather, the post-
wash-off product fraction is assumed to go onto the skin and to stay on the skin. This is a
conservative assumption, but for prioritization purposes, it may still produce useful re-
sults.

51.4.3. Ingestion

Ingestion exposure in Ex Priori is broken into three pathways: indirect ingestion of
settled dust, indirect ingestion of resuspended mass originally deposited on the floor, and
indirect ingestion from hand-to-mouth contact. Direct ingestion was not included in the
model. None of the products currently included in Ex Priori are intended to be ingested.
Unintentional ingestion would require additional data to model: ingestion rates of specific
products are highly uncertain and are expected to be vary widely in the population. Ad-
ditionally, Ex Priori does not include pathways that are more commonly associated with
consumer article exposure, rather than with consumer product exposure. These include
the air-to-skin dermal pathway and ingestion via transfer from food packaging to food.

The results in the “Ingestion” tab of the Ex Priori model spreadsheet are drawn from
the equations in the following sections. All of these depend upon the quantity Chemaust_frac
(Equation S29), which, in turn, depends on the quantity Chemg,, (Equation S27), esti-
mated as the fraction of chemical that does not partition to the air (1-In.ir) multiplied by
the mass of chemical available to the floor (Sumchem_cat_fioor).

In other words, the model assumes that out of the chemical available to the floor
(defined by Sumchem_cat_floor), some fraction Inair partitions into the air before any chemical
reaches the floor, reducing the final mass of chemical on the floor. Inairis defined according
to the chemical air emissions model described in the Inhalation section (Equation S17).
Therefore, assumptions that affect chemical air emissions will also indirectly affect inges-
tion exposure.

51.4.3.1. Ingestion Indirect (Incidental)

The Exposure Factors Handbook reports that an adult ingests 30 mg/day of house
dust due to incidental (i.e., not purposeful) ingestion (5). This daily amount of dust inges-
tion (Dusting rate) is multiplied by the mass fraction of the chemical that partitions house-
hold dust (Chemdust_frac) to arrive at the daily incidental chemical ingestion from dust
(Intakeing_ﬂoor )

Equation S45. Amt_ing_floor

Intakeing_ﬂoor = DuSting_rate X Chemdust_frac (545)

51.4.3.2. Ingestion Indirect (Hand-to-mouth)

In addition to absorption of a chemical through the skin, a chemical deposited on the
skin can be ingested due to hand-to-mouth contact. This is included in Ex Priori as the
amount of a chemical ingested due to hand-to-mouth (Intakeing dermal, Equation S46), which
is a function of the amount of chemical remaining on the skin available for oral ingestion
(Availoral, Equation S47) after considering the removal pathway of absorption as well as
the fraction of the body (SAnand-body) that is available for hand-to-mouth contact and the
hand to mouth transfer rate (Frachand_moutn), as used in SHEDS-Multi Media [12]. The SAhand-
body is the surface area of the hands divided by the body in the current version of Ex Priori;
however, this value can be adjusted by the user.

Equation 546. Intake_ing_dermal

Intakeing_dermal =Availoral X SAhand_body X Frachand_mouth (546)
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Equation 547. Avail_oral
AVailoral = Skinload - Absder‘mal (547)

(See Equation 5S40 for Skinwad and Equation S35 for Absdermat.)

51.4.3.3. Ingestion Indirect (Surface Resuspension)

Chemical mass that falls to the floor and is subsequently resuspended can be in the
form of small, inhalable particles or in the form of larger particles that do not penetrate
deeply within the lung. When these larger particles are inhaled, they are caught in the
upper airway, “coughed up”, and then swallowed, resulting in ingestion exposure. Expo-
sure via this pathway (Equation 548) is calculated similarly to the airborne indirect parti-
cle pathway (Equation S30), with the exception that a typical indoor total suspended par-
ticulate (TSP) concentration (Crsp) is used in place of a PMz2s concentration.

Equation S48. Intake_ing_particle

Illltakeing_particle = Inhrate X Chemdustfrac X CTSP x1 day (848)

51.4.3.4. Ingestion Absorption

The mass of the chemical ingested that is subsequently absorbed (Absing, Equation
S50) is calculated by multiplying the ingestion absorption fraction (Fracing, Equation S51)
by the total mass of chemical ingested through all routes described in the preceding sec-
tions (Equation 549). The oral absorption rate constant is calculated as a function of the
octanol-water partition coefficient (Kow) and the polar surface area (PSA) (Equation S52).
Note that Equation S52 is based on a model [13] and was originally formulated using logo
Dso—the octanol-water distribution coefficient at pH 6.0 —rather than logio Kow, the oc-
tanol-water partition coefficient for neutral compounds. The two are equivalent for non-
ionizable compounds but may be different for ionizable compounds.

Equation S49. Intake_ing_total

Intakeing_total = Intakeing_floor—Hntakeing_particle_Hntakeing_dermal (549)

Equation S50. Abs_ing
Abs,,= Frac,, X Intakej,g toral (550)
Equation S51. Frac_ing
Fracy,, =1 — (1 + 0.32k,)”7 (851)
Equation S52. Log k_a
logyo(k,) = 0.623 + 0.154 x log;(K,y) — 0.007 X PSA (552)

51.5. Estimation of Internal Dose

The total absorbed dose is calculated as a weighted sum of absorbed doses from each
route using the route weights, where Winn is the weight for the inhalation route, Wing is the
weight for the ingestion route, and Wdermaiis the weight for the dermal route.

To calculate the dose remaining in the body after 24 hours (ADME,.,,), the estimated
toxicokinetic clearance rate of each chemical is approximated by calculating a chemical-
specific half-life in the body (Equation S53). The half-lives were estimated as a function of
the octanol-water partitioning coefficient based on a previously published regression re-
lation [14] (Equation S54).

Equation S53. ADME_rem

ADMErem = (VVinhAbSinh + I/VingAbsing + WdermalAbSdermal)/ZA{24/t1/2} (553)
Equation S54. ADME half-life
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loglo t1/2 = 0.427 + 0.288 lOglOKOW (854)

ADMErem serves as the final output of the model and is calculated in the “ADME” tab
of Ex Priori.

51.6. Chemical Rankings

Chemicals are ranked from highest to lowest ADMEremin the “Outputs” tab in the Ex
Priori model spreadsheet. Any ties are broken randomly by adding a random number
between 0 and 1 to each rank number. The tie-breaking process is performed in the tab
“Output Visualizations” of the Ex Priori model spreadsheet and is so named because it is
required for the visualizations in the “Dashboard” tab.

S2. Tables of Ex Priori model inputs and calculated variables

Table S1. Product-specific inputs used by Ex Priori. Values are product-specific. Values for each
product may be found in the “Product Inputs” tab of the Ex Priori spreadsheet.

Parameter Units Description
Freq_use # uses/year Frequency of product use
Mass_prod g/use Mass of product used per event
Dur_use min Duration of product use
Type_use Optional variable to assign dermal and floor factors
Dermal_factor % The mass percentage of product that goes onto the skin.
Floor_factor % The mass percentage of product that goes onto the floor.
Pprod g/cm? Density of liquid products. By default, assumed to be 1 for all products.
Table S2. Chemical-specific input parameters used by Ex Priori. Values are chemical-specific. Val-
ues for each chemical may be found in the “Chemical Inputs” tab of the Ex Priori spreadsheet.
Parameter Units Description
MW g/mol Molecular weight
Kaw Unitless Air-water partition coefficient
VP Pa Vapor pressure
Logio Kow Unitless (logo) Log octanol-water coefficient
PSA A2 Polar surface area of molecule
Table S3. Chemical-specific parameters calculated by Ex Priori. Values are chemical-specific. Values
for each chemical may be found in the “Chemical Inputs” tab of the Ex Priori spreadsheet.
Parameter Units Description Formula Source
Kba Unitless Bloodé:air partition coefficient 6'%_1'04*13%82791;3\'/?33*10‘%10 Kow Buist, Wit-Bos [10]
United States
Coat g/m’ Saturation concentration in air (VP*0.0075)MW/(8.314*208)+133  _ nvironmental
Protection Agency
(13]
Absorption fraction for the inhalation
Abs_frac_inh unitless intake pathway based on blood:air 1-(Kab/(Kab + 1)) Derived
partitioning
Permeability coefficient through
Kp-cw m/hr stratu?n corneum of. an .SVOC when .the 107(0.7* logio Kow -0.0722*(MW"(2/3))- ~ Weschler and
species concentration is measured in 5.252)*3600/100 Nazaroff [11]
water in contact with skin
Ratio of the stratum corneum Weschler and
B unitless permeability to the viable epidermis (Kp-ew *MW*0.5)/2.6

permeability Nazaroff [11]
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Coefficient of equilibrium partitioning Weschler and

kiw unitless for an SVO.C.between skin-surface Kp-cw/(1+B) Nazaroff [11]
pipis and water
Permeability coefficient through the
stratum corneum/viable epidermis Weschler and
Kpw m/hr composite of SVOC when the species =kp-ew /(1+B)
Lo . . Nazaroff [11]
concentration is measured in water in
contact with skin
Permeability coefficient that describes
K m/hr transport of SVOC dissolved in skin- Kou/k Weschler and
1 w/ Klw
i surface lipids through stratum F Nazaroff [11]
corneum/viable epidermis composite
. Linnankoski,
king 1/hr Oral absorption rate constant 107(0.623+0.154* logio Kow — 0.007*PSA) Miikeld [13]
Abs_frac_in, unitless  Absorption fraction for ingestion intake 1-(1+0.32*King) ™7 Linnankosk,
—racing p & (1+0.32%king Mikeli [13]
tin2 hr Half-life of chemical in body 107( 0.452 + 0.288* logi0 Kow) Sarver, White [14]
Table S4. Environmental/receptor input variables used by Ex Priori and their default values. Values
may be found in the “Scenario Inputs” tab of the Ex Priori spreadsheet.
Variable Value Unit Description Source
i Envi 1P i
AER 0.45  # changes/hour Building air exchange rate United States Environmental Protection
Agency [15]
Air flow rate between user bubble United States Environmental Protection
B 82.008 m3/hour
and larger room Agency [15]
C_PM25 7.16 ug/m3 Background indoor PM2.5 Deshpande, Frey [9]
concentration
C_TSP 75 ug/m3 Background md(?or PM10 Assumed
concentration
Dust_floor_load 0.52 g/m2 Mass of dust on the floor / unit area Wilson, Jones-Otazo [8]
Dust_floor_mass 17.4928 g Total mass of dust on the floor  Calculated: Dust_floor_load * room_1 * room_w
Dust_ing_rate 30 mg Mass of dust ingested per day United States Environmental Protection
Agency [7]
Frac_hand_mouth 0.2 unitless Fraction of chemical that is Ozkaynak, Xue [16]
transferred from hand to mouth
Dilution factor to account for
. . increased ventilation and decreased Estimated based on Table 3 of Klepeis, Gabel
Inh_dil 0.05 unitless .
exposure when using a product [4]
outdoors
United States Environmental Protection
A 7 f Table 6-2 Light i i
Inh_rate 16.2 m3/day Volumetric breathing rate gency [7], average of Table 6-2 Light intensity
values for age groups 21+ and Table 6-1 Age
groups 21+
Q 36.9 m3/hour Air flow rate of building ventilation Calculated: AER * V_room
United States Environmental Protection
Room_], room_w 5.80 m Room length and width Agency [7], average home volume (equivalent
to 6 rooms) =492 m3
Room_h 2.44 m Room height Assumed
i Envi 1P i
SA_Adult 1.95 m2 Surface area of adult human United States Environmental Protection
Agency [7], Table 7-9 average of age groups 21+
SA_Hand_Body 0.05 unitless Ratio of surface area of adult human United States Environmental Protection
hand to whole body Agency [7], average for adult
Th_l 1.3x10-6 m3/m2 Thickness of skin surface lipids Weschler and Nazaroff [11]
Near—fleld volur:1e during product United States Environmental Protection
V_bubble 0.2 m3 use (user "bubble" compared to room
Agency [15]
volume)
V_room 82.08 m3 Room volume Calculated: Room_I * Room_w * Room_h
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Table S5. Variables calculated by Ex Priori.

Variable Unit Description
Abs_dermal g/day Dermal absorbed dose
. . * L
Abs._dermal_max o/day Steady state flux of chemical thr(?ugh skin (JSS skl.n area) set
as an upper bound for daily dermal absorption
Abs_ing g/day Total absorbed ingestion dose
Abs_ing_dermal g/day Ingestion: hand-to-mouth (indirect) absorbed dose
Abs_ing_floor g/day Ingestion: dust-from-floor (indirect) absorbed dose
Abs_ing_particle g/day Ingestion: particle (indirect) absorbed dose
Abs_inh g/day Total absorbed inhalation dose
Abs_inh_after_use g/day Inhalation: far-field exposure (indirect) absorbed dose
Abs_inh_in_use g/day Inhalation: near-field exposure (direct) absorbed dose
Amt_inh_particle g/day Amount of chemical inhaled from particulate dust
Abs_dermal g/day Amount of chemical absorbed dermally
Abs. inh o/day Absorbed dose from a.lll iflhalat%on pat.hways (during use, after
use, and indirect via particulate dust)
Absorbed dose from all ingestion pathways (indirect
Abs_ing g/day incidental, indirect hand-to-mouth, indirect from surface
particle resuspension)
Abs_Overall g/day Total absorbed dose across all pathways
ADME rem o/day Total remaining internal body burden accounting for ADME
processes after 1 day
. Mass of remaining chemical available on the skin after dermal
Avail_oral g .
absorption
, Adjusted airborne chemical concentration during product use
C_in_use g/m3 . . .
set to a maximum of saturation concentration
. Calculated airborne chemical concentration during product
C_in_use_calc g/m3
use
Chem_dust_frac unitless Mass fraction of dust comprising the chemical
Mass of chemical on the floor after subtracting mass in air
Chem_floor g
compartment
Product use duration in hours (conversion of default use
D hours S
duration in minutes)
. Average product use duration in minutes for all products
Dur_use_avg minutes .. - .
containing a specified chemical.
Dust_floor_mass g Total mass of dust on the floor of an indoor room
) . Fraction of chemical assigned to the air compartment based on
In_air unitless
Kaw
Intake_ing_dermal o/day Intake due to ingestion of chemical on skin from hand to
mouth
. Intake due to ingestion of chemical in floor dust from hand to
Intake_ing_floor g/day
mouth
. . Intake due to inhalation and subsequent ingestion of
Intake_ing_particle g/day .
resuspended particles
Intake_ing_total g/day Total ingestion intake across all pathways
Intake_inh_after_use g/day Intake due to far-field inhalation exposure
Intake_inh_in_use g/day Intake due to near-field inhalation exposure
Intake_inh_particle g/day Intake due to inhalation of near-field direct particles
Intake_Inh_total g/day Total intake due to inhalation
JSS g/(m2*day) Transdermal flux

Mass_chem

g/day

Mass of chemical in amount of product used
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Variable Unit Description
Mass_chem-air g/day Mass of chemical that goes into the air during product use
Mass_prod g/day Average mass of product used per day
. Amount of chemical available on the skin for hand-to-mouth
Skin_load g/day
transfer
Sum_chem_cat_dermal o/day Welghtef:l sum of Cher'rucal Masses across product Ca.tegorles
deposited on the skin (using product-category weights)
Sum_chem_cat_floor o/day Weighted sum of chemical masses across product categories

Sum_chem_cat_inh

deposited on the floor (using product-category weights)
Weighted sum of chemical masses across product categories
g/day available for inhalation (using product-category weights and
applying any outdoor dilution factors)
Total mass of products used per day across product categories

Sum_prod_cat g/day after applying product-category-specific weights
Use_day g/day Average mass of product used per day
Use_day, air o/day Average. effective mass of product per dzfly t.hat goes into the
air, accounting for any outdoor dilution factor
Use_day, dermal g/day Average mass of product per day that goes onto the skin
Use_day, floor g/day Average mass of product per day that goes onto the floor

S3. Two-zone Model

Ex Priori applies the two-zone model of inhalation exposure, which is described thor-
oughly by Nicas [6]. Here, a derivation is presented for the scenarios modeled in Ex Priori:
inhalation exposure during use and inhalation exposure after use.

53.1. Inhalation Exposure during Use

Consider a room that has its air exchanged near the ceiling level. The air exchange
rate is Q m3/hour. Model this room as having two zones: a “room” zone with the volume
Vroom; and a “user bubble” zone with the volume Vbuble (the air space immediately sur-
rounding a human product user). The air within each zone is perfectly mixed. Air is ex-
changed between the room and bubble zones at a rate of 3 m*hour.

Assume that the human opens a liquid product and starts to use it while still inside
the user bubble. For example, they may be cleaning a surface using a disinfecting cleaner.
This product contains a chemical of interest. The air concentration of the chemical of in-
terest is initially zero, both in the user bubble and in the larger room. During product use,
assume that the chemical is emitted from the product to the air at a constant rate G
(g/hour). (We will discuss how to estimate G later.) The scenario is diagrammed in Figure
S1.
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Room

Figure S1. Diagram of two-zone model during product use showing the room zone and its air ex-
change rate with outside air; the user bubble zone and its air exchange rate with the room; the prod-
uct and its emission rate; and the human receptor inside the user bubble.

The mass balance of the chemical of interest can then be described by a system of
ODEs: Equation S55-Equation S57 [6]. Croom denotes the chemical concentration in the
room air. Chutble denotes the chemical concentration in user-bubble air.

Equation 555. Two-zone model ODEs: Cbubble

dac,
Vbubbie Iz;:ble = —BChubbie(t) + BCroom(t) + G(t) (555)

Equation S56. Two-zone model ODEs: Croom

dCroom
Veoom dt = BChubbie(®) — (@ + B)Croom(t) (556)

Equation S57. Two-zone model ODEs: G

aG
=0 (557)
Nicas [6] solves this two-zone model in Appendix I of that publication and provides
the resulting equations for time-dependent air concentration (g/m?), which are repro-
duced here (Equation S58). (The originally published equations use C;, in place of Cpypple
and Cy in place of Cpyop.)
Equation S58. Two-zone model solution during use: Cbubble

Chubble (t) = arexp (A4t) + azexp (A,t) + a3 (558)

Equation S59. Two-zone model solution during use: Croom

A+ A, +
Croom(®) = & (2 exp () + @ (Y exp (o) + @5 (559)

Equation 560. Two-zone model solution during use: G
ad — ac
bd

The parameters 4y, 4,, 4, b, ¢, and d are combinations of the basic model parameters
B, Q, Vbubble, and Vroom (Equation S61).
Equation S61. Parameters for two-zone model (lambdas and a, b, ¢, and d)

G = as (S60)




18

a =—(a+d)+ J(@+d)? —4(ad — ac)

! 2
1= —(a+d)— J(a+d)?—4(ad — ac)
, =
2
(S61)
a = B/Voubble
b = 1/Vyupbie
c= ﬁ/‘/room

d = (Q+B)/Veoom

Note that 4,, A,, a, b, ¢, and d are all chemical-independent and product-
independent. They do not depend on the chemical emission rate G or the duration of use
of the product. Therefore, they are calculated only once in the “Scenario Inputs” tab of the
Ex Priori model spreadsheet.

The coefficients a;, a,, and a; in Equation S58-Equation S60 can be found given
the initial conditions described above: the air concentration of the chemical of interest is
initially zero, both in the user bubble and in the larger room, and the emission rate G is
constant. These initial conditions can be formulated as Coubbie(0) = 0, Croom(0) = 0, and G(0)
= G. Nicas [6] shows that with some algebraic manipulation (see Appendix I of that pub-
lication), expressions can be obtained for a;, a,, and a3 in terms of G, B, Q, Vbusble, 44,
and 4, (Equation 562).

Equation S62. Alphas for two-zone model solution

a =G (ﬁQ + AZVbubble(ﬁ + Q))
! BQVpubble (A1 — 13)

= —C (ﬁQ + A1 Voubble (B + Q))
? BQVoupble (44 — 42)

G
R
(7¥a)e

(Note that a, # —a;: 4, appears in the numerator of a4, but A, appears in the
numerator of «,.)

(S62)

as =

53.1.1. Cumulative inhalation exposure during product use

The cumulative inhalation exposure during product use is obtained by integrating
the time-dependent inhalation exposure over the duration of product use. The time-de-
pendent inhalation exposure during product use, Amt_inh_during(t), is obtained by mul-
tiplying the inhalation rate (m®hour) by the time-dependent air concentration in the user
bubble (g/m?®) (Equation 563). (Because Ex Priori defines the inhalation rate in units of
m?/day, it is divided by 24 to convert to m3/hour.)

Equation S63. Amt_inh_during

Amt_inh_during(t) = Inh_rate/24 X Cpypp1e(t) (563)

The time-dependent air concentration in the user bubble, Cyyppie(t), was provided in
Equation S58. Combining Equation 563 and Equation S58, we can write an expression de-
scribing Amt_inh_during(t) (Equation 564).

Equation 564. Time-dependent amount inhaled during product use

Amt_inh_during(t) = = Inh_rate/24 X( a;exp (A;t) + aexp (A,t) + a3) (S64)

Now, in order to calculate the cumulative inhalation exposure during product use,
we need to integrate Equation 564 over the duration of product use. Happily, we can
separate out terms in the sum. Note that Ex Priori defines the duration of product use in
minutes; we will divide by 60 to convert this to hours. For compactness, define D =
Dur_use/60. The integral is written in Equation S65.
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Equation S65. Integrating amount inhaled from user bubble over use duration
D D

D
f Amt_inh_during(t) dt = Inh_rate/24 X ( a, f exp (A;t) dt + a, f
0 0

D
exp (A,t) dt + agf dt) (S65)
0 0

Using the fact that [ exp(at) dt = eXpiaf)

final expression for the cumulative amount of chemical inhaled during product use (Equa-
tion S66).
Equation 566. Cumulative amount inhaled during product use

, we can work out the integral and derive a

Amt_inh_during_product use = Inh_rate/24 X {% [exp (A,D) — 1] + % [exp (A,D) — 1] + a3 [D]} (S66)
1 2

53.2. Inhalation Exposure after Product Use

Consider the scenario after using a product. At the very end of product use, the air
concentration of the chemical of interest in the user bubble and in a larger room can be
obtained via the time-dependent equations (Equation S58-Equation S59) evaluated at
time t = D, where D is the duration of product use. Then, product use stops, and there-
fore, new emissions also stop: G = 0 (here, we neglect any ongoing emissions that may
occur from product lingering on surfaces after use). Now, air concentrations will “decay”,
as contaminated air moves out of the user bubble and out of the room, and fresh air moves
in. Nicas [6] solves the two-zone model for this scenario in Appendix II of that publication
and provides the resulting equations for time-dependent air concentration (g/m?3), which
are reproduced below with updated notation (Equation S67-Equation S68). Here, tgecay
represents the elapsed time since the end of product use (the elapsed time during the
concentration “decay” phase). In other words, tgecsy =t — D, where t represents the
elapsed time since the beginning of product use, and product use is of duration D.

Equation S67. Time-dependent air concentrations after product use: Cbubble

Cbubble (tdecay) = 51exp (Altdecay) + (SZeXp (Aztdecay) (867)
Equation S68. Time-dependent air concentrations after product use: Croom

A ta A, +a

Croom (tdecay) = 61 ( ) €xp (Altdecay) + 62 ( )exp (2-2 tdecay) (568)

The coefficients 1; and A, as well as a are the same as previously defined in Equa-
tion S61. However, the coefficients §; and §, are new. Their values must be derived for
a specified set of initial conditions.

Nicas [6] finds §; and §, for the initial condition in which a contaminant was
emitted at a constant rate in the user bubble for a long enough time that both the bubble
and room air concentrations reached steady state—that is, where the initial conditions for
the “decay” equations (Equation S67-Equation S68) are provided by the steady-state
solutions of the “growth” equations (Equation S58-Equation 559). However, this is not
the scenario modeled by Ex Priori. The duration of product use is unlikely to be long
enough to achieve steady state. Therefore, we do not use the values of §; and §,
provided by Nicas [6] but solve for them ourselves instead using the appropriate initial
conditions for the scenario modeled by Ex Priori.

In the scenario modeled by Ex Priori, the initial conditions for the “decay” phase are
simply the bubble and room air concentrations at the end of product use: that is, the initial
conditions for the “decay” equations (Equation S67-Equation S68) at time tge,y = 0 are
given by the “growth” equations (Equation S58—-Equation S59) evaluated at time t = D (the
product use duration in hours). These initial conditions are formulated in Equation 569
and Equation S70. The left-hand sides of Equation S69 and Equation S70 are obtained by
setting tgecay =0 in Equation S67 and Equation S68, respectively, and the right-hand sides
are obtained by setting t = D in Equation S58 and Equation S59, respectively.

Equation 569. Initial condition in user bubble at end of product use
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Cbubble(tdecay = 0) = 61 + 62 = a,exp (AID) + az€exp (AZD) + as (869)

Equation S70. Initial condition in larger room at end of product use

M +a A, +a M +a A, +a c
Croom(tdecay=0)=61(1a )+62(2a )=a1(1a )exp(/llD)'l'aZ(za )exp(AZD)+a3E (570)

Now, to solve for §; and §,, we need to use some algebra.
First, solve Equation S69 for 6;.
Equation S71. Solving for deltal in terms of delta2

6, = a;exp (A, D) + azexp (A,D) + a5 — 6, (571)

Substitute Equation S71 into Equation 570 and solve for 6,.
Substituting Equation 571 into Equation S70:

A ta A ta Mta A ta A +a
al( 1a )exp(llD)+a2( 1a )eXp(AZD)+ (X3( 1a )_62( 1a ) +62( 2a )

A +a A, +a
= al( 1a )exp(/llD)+a2( Za

(S72)

)exp (1,D) + 0@%
The first term on either side, a; (%) exp (4, D), will be canceled (Equation S73).

Equation S73. Cancel first term from Equation S72:

A+ A+ A, —A A, +
az( 1a a)exp(/lzD)+ a3< 1a a) +62( Za 1)= a2< 2a a)exp(/lzD)+ a3§ (573)

Now rearrange Equation S73 to make sure that §, is on one side by itself.
Equation S74. Rearrange Equation 573

Ay — A4 A +a c Mta Mta
8, <%) = az( Za )exp (1.D) + 3y~ az( 1a )exp (12D) — 0»’3( 1a ) (574)
. P ).2—}.1 . . a
Finally, divide through by ( - ), or equivalently, multiply through by ( F) ) to
271
yield Equation S75.
Equation S75. Solution of Equation S74 for delta2
P (Az+a> (A.D) + c( a ) (/11+a> (A.D) (/11+a> 575
2= 0 /'{2 _ Al exp 2 as d /12 _ /'{1 a; /'{2 _ Al exp 2 as /'{2 _ Al ( )
Simplifying, Equation S75 becomes Equation S76.
Equation S76. Final expression for delta2
_ as a(c—d) ]
8, = ayexp (A,D) + (/12 — /11> [ 7 M (576)

Equation S76 provides us with an expression for §, under the non-steady-state
initial conditions we want to model. Then, to get an expression for 8;, we substitute back

into Equation 571:
Equation S77. Substitute Equation S76 back into Equation 571
a a(c—d
6, = a,exp (A,D) + azexp (A,D) + a5 — ayexp (A,D) — (/1 31 ) [ ( P )_ Al] (577)
2~ M
Simplifying, this becomes:
Equation S78. Final expression for deltal
1 a(c—a)
8, = ajexp (4D) + a4 [1 - < )( - /11> ] (578)
/12 - Al d

Finally, this allows us to model the time-dependent air concentrations after product
use is stopped. We take the equations for the time-dependent concentrations in the user
bubble and room (Equation S67 and Equation S68, respectively) and substitute in &,
(defined in Equation S76); §; (defined in Equation S78); and A,, 1,, and a (defined in
Equation S61).

Note that §; and 6, are chemical-specific because they depend on a;, a,, and a3,
which, in turn, depend on the constant emission rate G that occurs during product use,
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which, in turn, is determined by the chemical-specific quantities Kaw, Mass_chem,
Mass_prod, and duration of product use D (see Equation S9 and discussion in S3.3). &;
and &, also explicitly depend on D (in Equation 576 and Equation S78).

53.2.1. Cumulative Inhalation Exposure after Product Use

We can calculate the cumulative inhalation exposure after product use, again, by in-
tegrating Coubble(t) as defined in Equation S67 over time for the rest of the day after product
use has stopped (Equation 579). (Counting elapsed time from the end of product use to
the end of the day, the lower limit of integration is 0, and the upper limit of integration is
24 hours minus the duration of product use.)

Equation 579. Integrating amount inhaled for the rest of the day after product use

24-D 24-D
f Amt_inh_after(tdecay) dtgecay = Inh_rate/24 x ( 61 f exp (Al tdecay) dtgecay
° ° (S79)

24-D
+ 52 f €xp (12 tdecay) dtdecay)
0

This integral can be solved to obtain an analytical expression for the cumulative in-
halation exposure that occurs after product use (Equation S80).
Equation 580. Cumulative amount inhaled for the rest of the day after product use

Amt_inh_after = Inh_rate/24 X {% [exp (2,(24-D)) — 1] + %2 [exp (2,24 -D)) - 1]} (S80)

53.3. Estimating Emissions Rate

The cumulative amount of chemical inhaled during product use
(Amt_inh_during_product use, Equation S66) and after product use (Amt_inh_after, Equa-
tion S80) depend on a,, @, and a; (Equation 562), which, in turn, depend on G, the
constant emissions rate during product use. Therefore, we still need to figure out a value
for G, which will be both chemical-specific and product-specific.

53.3.1. Conservative Approach: Assume all Chemical is Emitted

A common, conservative approach to estimating the emissions rate is to assume that
all of the chemical in the consumer product will diffuse into the air during use [17]. Under
this assumption, the constant emissions rate is given by Equation S81.

Equation S81. G, when all Mass_chem emitted

G = Mass_chem/Dur_use (S81)

However, this approach makes no account of the differences in volatility between
chemicals. For less-volatile chemicals, especially those with shorter average product use
durations, it is unrealistic to expect all of the chemical in the product to be emitted into
the air during product use. Therefore, Equation S81 is probably overly conservative for
less-volatile chemicals. Furthermore, Equation S81 assumes that all available chemical
mass is emitted into the air, leaving none for dermal or ingestion exposure pathways (i.e.,
the fraction In_air would always be 1).

53.3.2. Most Detailed Approach: Time-dependent Emissions Models

To account for volatility, a time-dependent emission model would be the most cor-
rect. Time-dependent emission rates have been predicted in several published models of
chemical volatilization based on chemical properties (such as vapor pressure, molecular
weight, octanol-water partition coefficients). However, these are scenario-specific and are
usually developed based on data gathered for only one or a few chemicals. Scenarios in-
clude spills of organic solvents [18]; pesticides applied to soils [19, 20]; quiescent pools of
chemical [21, 22]; residential dishwashers [23]; residential washing machines [24-26]; and
surface cleaning of residential countertops and floors [27, 28]. For example, the Consumer
Exposure Model (CEM) [15] includes several different time-dependent emission scenarios
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for different product types and use scenarios, including a product applied to a surface
indoors; a sprayed product; a product added to water; or a product placed in the environ-
ment. The CEM solves a two- or three-zone air concentration model numerically using the
appropriate time-dependent emission scenario.

One could even apply a time-dependent diffusion model, such as the one used by
Earnest and Corsi [29], which is reproduced in Equation S82.

Equation S82. G: time-dependent diffusion

G(t) = kg (HCchem—liquid (t) — Cchem—bubble (t)) (582)

In that model, kg is a mass-transfer coefficient (m/hr), H is the chemical’s Henry’s law
coefficient, Ccpem-iiquia 15 the chemical concentration in the liquid product, Cepem-bubbie
is the time-varying chemical concentration in the user bubble, and A is the surface area of
product application. The mass-transfer coefficient is chemical-specific but is not well de-
fined; Earnest and Corsi [29] substitute a non-chemical-specific default value of 1 m/hr.
The surface area of application will vary substantially depending on the product use sce-
nario.

However, a time-dependent emission approach such as this one requires user speci-
fications of product application type (to determine the correct time-dependent emissions
model) as well as a numerical solution of the two-zone model rather than an analytical
solution, as presented in 53.1 and S3.2. These data and computational requirements make
such an approach infeasible for use with Ex Priori, which does not require detailed user
input on the product application method, and is Excel-based such that numerical integra-
tion of the two-zone model is computationally difficult.

53.3.3. Compromise Approach: Steady-state Scenario

To support Ex Priori’s goal of rapid exposure-based chemical prioritization with min-
imal data requirements while avoiding the over-conservatism of assuming all chemical
mass is emitted into the air, we developed a “compromise model” of a constant chemical
emission rate based on a steady-state scenario. This steady-state scenario is not used di-
rectly to model inhalation exposure. Instead, it is used to estimate a constant emissions
rate, which is then used with the time-dependent two-zone model solutions to model in-
halation exposure.

The steady-state scenario in question is described as follows: If a volume of chemical-
containing liquid product, Viquig, is allowed to stand in contact with a volume of air, Vair,
for enough time that the air and liquid chemical concentrations reach steady state, then
the steady-state ratio of the air concentration to the liquid concentration is described by
the chemical’s air-water partitioning coefficient (Kaw from Henry’s law). Kaw is usually
known for a chemical a priori, either from experimental measurements or from QSAR-
based model predictions.

How does this steady-state scenario apply to emissions in the two-zone model?
Clearly, the air concentration inside the user bubble will not reach steady state during
product use because air is constantly being exchanged. However, we reason as follows:
Over the duration of use, the product is in contact with a total volume of air (V,;,-) equal
to the total amount of air that flows through the user bubble in that time. We consider the
hypothetical situation where the product stands in contact with that total volume of air all
at once, with no air exchange, for long enough that the concentrations reach steady state.
In that scenario, we can calculate the total amount of chemical that would be emitted. We
then assume that the same total amount of chemical would be emitted during actual use,
under non-steady state conditions. We further assume that that total amount of chemical
is emitted at a constant rate during the duration of product use.

To find V,;,, recall that in the two-zone model, air is exchanged between the room
and user-bubble zones at a rate of 3 m3/hour. The total volume of air V,;, that flows
through the user bubble during a product use duration D (hours) is provided by Equa-
tion 583.

Equation S83. V_air
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Vair = BD (S83)

If we placed the chemical-containing product in contact with that volume of air for a
long-enough time for diffusion to reach steady-state, then the ratio of the air concentration
and product concentration would be equal to Kaw (Equation S84).

Equation S84. Kaw definition: ratio of C_chem-air to C_chem-liq

Cchem—air

Kaw = (S84)

Cchem—liq
Under this steady-state assumption, the total mass of the chemical is equal to the
mass in the liquid product plus the mass in the air (Equation S85).
Equation S85. Mass balance between air and liquid

Masscpem = MaSSchem—liq + Masschem—-air = Cchem—liq X Vliq + Cehem—air X Vair (585)

Then, we can solve Equation S85 for the concentration in the air, Copem—qir (Equation
S86). (Assume that the product is liquid with density p,,oq (g/cmd).)
Equation 586. Solve for C_chem-air

Ko X Mass pem
Massproq

Cehem—air =

S86

p + Kaw X Vair ( )
prod

Check to make sure that this predicted C,pem—qir does not exceed the saturation con-
centration of the chemical in air (Csq.), where Cgq, is predicted using Equation S87, a
QSAR model used in the Consumer Exposure Model [15]. VP is the chemical’s vapor pres-
sure in Pascals; MW is the chemical’s molecular weight in g/mol; R is the gas constant; T
is the temperature in Kelvin (room temperature assumed 298 K).

Equation S87. Csat QSAR

VP X MW
Csat = —pp —

The adjusted air concentration is then given by the lesser of Cepem—qir and Cgqe.
Equation S88. C_chem-air,adj

(S87)

Cchem—air,adj = min(cchem—airt Csat) (588)

The total mass of chemical in the air is then simply the air concentration
(Cchem-air,aaj given by Equation S88) multiplied by the air volume (V,;,- given by Equation
S83).

Equation 589. Mass_chem-air

Kow X Mass pem VP x MW
Mass ’
DSSprod 4 g xpp KT

pprod
To estimate the emission rate G (g/hour), assume that Mass pem—qir is emitted at a
constant rate over the duration of product use.

Equation S90. G derived from Mass_chem-air

Masscnem—qir = Cchem—air,adj X Vair = ﬁD X min (589)

_ Masscgem_air — § x min Ma];,;w X Mass pem ’VP ;TMW (590)
p—l”"’d + Ky, X BD
prod

In this way, the effects of time-dependent diffusion, occurring over potentially short
product use durations, are roughly approximated by using a steady-state approximation
with a duration-dependent value of V,;,, = D.
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53.4. Sensitivity of Inhalation Exposure to 3

For Ex Priori, we have adopted the value of $ used by the Consumer Exposure Model
[15] (found in Appendix B, Table B-14 of that publication), i.e., 82.008 m3/hour or 1.3668
m?/min. However, the parameter (3 lacks sufficient experimental data to determine its
value. The little available experimental data estimate a wide possible range of values.
Available data come from laboratory studies involving heated mannequins to attempt to
model convection-driven air movement from a warm human body: these studies have
estimated values for {3 of between 1 and 5 m3/min [30]. However, it should be noted that
these studies were based on air measurements of only one chemical: toluene. It is not clear
whether there may be chemical-dependent error, bias, or uncertainty in the estimates of
. Other studies have estimated (3 from measurements of the random air speed near the
boundary of the user bubble [18, 31]. In a room with a volume of 22.7 m? and an air supply
rate of 18.6 m?/min, 3 was estimated [18] at 2.7 m?min by assuming a hemispheric user
bubble of radius 0.5 m and using a measured random air speed of 3.4 m/min. In an indus-
trial occupational setting, p was estimated [31] to be between 7 and 11 m?min, although
these numbers may not be particularly relevant to the residential consumer setting mod-
eled by Ex Priori. For 3, the “default” value suggested by Nicas [6] is 3 = 180 m*hour, or
3 m?¥min, based on assuming a hemispheric user bubble with a radius of 0.46 m and an
average random air speed of 4.6 m/min.

For the qualitative sensitivity analysis presented in the main text, we selected a lower
bound of =1 m3/min and an upper bound of 3 =5 m?*min based on the analysis of Zhang,
Banerjee [30]. This sensitivity analysis showed that Ex Priori-predicted median inhalation
exposure increased at the upper-bound value of (3. In this section, we further investigate
the details of sensitivity of predicted inhalation exposures to 3 and elucidate some chem-
ical-specific sensitivity effects.

Modeled inhalation exposure depends on 3 in two different and opposing ways.
First, a larger value of 3 means that a larger volume of air passes through the user bubble
during product use. Under the constant-emissions steady-state approximation described
above, this allows more chemical mass to be emitted to the air, which tends to increase
inhalation exposure. Second, a larger value of (3 allows the emitted chemical to be cleared
more quickly from the user bubble, which tends to decrease inhalation exposure.

Which of these two opposing effects will govern? The answer depends on how much
of the available chemical mass is emitted into the air (according to the constant-emissions
steady-state approximation), even at the lower-bound value of 3 (1 m3/min).

To illustrate, let us examine sensitivity to (3 for two chemicals: toluene (CASRN 108-
88-3) and isopropyl myristate (CASRN 110-27-0). These two chemicals were chosen be-
cause Ex Priori ranks them highly under default conditions, and they have very different
volatility levels (see following discussion). The analytical, time-dependent solution of the
two-zone model was implemented in R, following Equations S54-556 and Equation S60.
The model was evaluated for each chemical for five different values of 3: 1, 2, 3, 4, and 5
m?/min. Parameters for each chemical are provided in Table S6.

Table S6. Parameters used for analytical, time-dependent inhalation model solution for two exam-
ple chemicals: toluene and isopropyl myristate.

Chemical
Parameter -
Toluene Isopropyl Myristate
Kaw 0.243 3.09x10-
Dur_use, min 50,5 8.8
(average across products)

Total product mass, g 123.3 136.6
Total chemical mass, g 17.2 8.5
Inhalation rate, m3/day 16.2

Vbubble, m3 0.2

Vroom, m3 58x58x%x24
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Q, m3/minute 0.605

The results (Figure S2) are striking: these two chemicals exhibit very different sensi-
tivities to {3. For toluene, inhalation exposure decreases asymptotically as 3 increases. For
isopropyl myristate, inhalation exposure increases linearly was [3 increases.

Toluene
0.52
o
0.48 1
0.44
o o
e
5 0.40 1
5 o
S o
- 0367 )
Q
© .
< Isopropyl Myristate
"= 0.00125
e o
>
o
€
(]
 0-00100+ o
o
|_
0.00075 o
o
0.00050
o
1 2 3 4 5
B, m3/min

Figure S2. Points: Total amounts inhaled over 24 hours for toluene (upper panel) and isopropyl
myristate (lower panel) for five different values of (3.

The sources of the difference can be explored by examining the time course of the
concentration in the user bubble (Cbubie) and how it changes for different (3 values (Figure
S3). Only one hour of time is shown in Figure S3 to allow observations of the detailed
kinetics during and just after product use. For toluene, the peak concentration (at the end
of product use) decreases asymptotically as {3 increases, whereas for isopropyl myristate,
the peak concentration increases approximately linearly as 3 increases.
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Figure S3. Inhalation model predicted for Cbubble vs. time (over the course of one hour elapsed
after the beginning of product use) for five different 3 values (columns). Top row: Toluene. Bottom
row: Isopropyl myristate. In each panel, the end of product use is marked by a vertical black line
labeled “Dur_use” (representing the average product use duration for products containing each
chemical: 50.5 minutes for toluene; 8.8 minutes for isopropyl myristate).

In turn, we asked what drives the changes in Coutble as [3 increases. Coubble is the balance
between the amount of chemical entering the user bubble and the amount leaving it. Dur-
ing product use, air exchange at rate 3 results in a net loss of chemical from the user bubble
(because Cypom < Cpuppie, SO as bubble air is replaced with room air, the net effect is a loss
of chemical). This means that during product use, the overall increase in concentration in
the user bubble is driven by the balance between net loss due to air exchange and the
amount emitted from the product. These quantities and their balance change with (3. To
visualize the balance between these two quantities, we plot their values at the end of prod-
uct use as a function of § (Figure S4). For toluene, the amount emitted is not sensitive to
B, but the amount removed from the user bubble increases asymptotically with (3. For
isopropyl myristate, the amount emitted and the net amount removed both increases ap-
proximately linearly with {3, but the amount emitted increases with a very slightly steeper
slope. The difference may not be visually apparent in the lower panel of Figure 54, but it
results in s small increase in peak Cobusbie with (3 that is apparent in the bottom row of Figure
S3.
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Figure S4. End of product use: Cumulative net chemical amount removed via air exchange from the
bubble (X’s) and cumulative chemical amount emitted (circles) for five different values of 3.

In turn, what causes emissions to lack sensitivity to 3 for toluene but to increase with
p for isopropyl myristate, as seen in Figure S4? The key is the assumptions of the steady-
state scenario used to approximate constant emissions. The total amount of chemical emit-
ted to the air (Masscpem—qir ) is given by Equation S89: it depends on Kj,,, Masscem, Mass-
prod, Dur_use, and (. If this steady-state air concentration is greater than the air saturation
concentration predicted by a QSAR (Equation 587), then Mass pem—qiris taken to be the
amount needed to achieve the saturation concentration.

In this scenario, increasing [ effectively increases V,; and therefore increases the
amount of chemical needed to reach the required steady-state or saturation air concentra-
tion in the larger volume of air. However, the form of Equation S89 indicates that
Mass pem-air has an upper asymptote of Mass pen,. In fact, it can be rewritten by scaling
variables as Equation S91:

Equation S91. “Scaled” version of Maschmeier

x
= min (non — saturated = x,saturated = Kx) (591)

Mass nem

where
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Masschem—air/MaSSchem

Equation S92. Definition of x in scaled Mass_chem_air eqn

K,,,BD
x = __ KawBD (S92)
Massprod/pprod
and
Equation S93. Definition of K in scaled Mass_chem_air eqn
= VP X MW X Massprod/Pprod (593)

Kaw X RT

Masschem-air/Masscpem approaches 1 as the quantity K, BD/(Massyroq/Pprod) in-
creases towards infinity (see Figure S5).

For the non-saturated case in Equation 591, the relation is illustrated as the curve in
Figure S5 or as in Figure S6, where the x-axis is on a logio scale. For the saturated case in
Equation 591, the relation is a straight line with a chemical-specific slope K (Equation S93),
so long as that line falls below the curve for the non-saturated case (gray lines in Figure
S5; gray curves in Figure S6, where straight lines become curves because of the logio scale
for the x-axis). For a given f value, each chemical will have a chemical-specific x-value
in Figure S5 or Figure 56 (given by Equation S92). To calculate Mass nem—qir/MaSSchem
for a given chemical and a given S value, first calculate the chemical-specific x-value
KawBD/(MaSSprod/pprod)~

Mass pem—air drives the emissions rate G, which, in turn, drives concentration in
the user bubble and thus drives total inhalation exposure both during and after product
use. Therefore, the sensitivity of inhalation exposure to  depends on the steepness of the
Mass pem-air relationin Equation S91 in the range of f under consideration (1-5 m?/min).
In other words, where does the chemical fall along the curve in Figure S5 or Figure S6 for
B =1-5 m¥min: along the steep part or the shallow part approaching the asymptote? Ad-
ditionally, if it falls on its chemical-specific saturated line in the range of f =1-5 m%min,
how steep is the slope of that line? If Masspem—qir is already approaching 100% of
Mass e at default B, then increasing f will result in only a very small increase in
Masscnem—air-

1001 = = = = = - ———— e —————— = = — - -
0.75-
0.501
Is?propyl Myristate Foliane
0.25- U x =99 677
y =00 y = 0.99999 S
5 10 15 20

KawBD / (Massprod / pprod)
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Masschem—air/ Masschem

Figure S5. Black curve: General shape of the relation for the non-saturated case between
Mass cpem-air/Masscpem and Kqy, D /(Massyroa/ Pproa) - Gray lines: Chemical-specific relations for
the saturated case. Dashed line: Upper asymptote indicating that Mass pem-qir cannot be more
than 100% of Masspen. Purple diagonal line: The saturated relation for isopropyl myristate. Purple
vertical line: The x-axis value for isopropyl myristate at § = 1m3/min (here, 1.995). Where this ver-
tical line crosses the saturated line and the non-saturated curve, we take the lower of the two y-
values (here, 0.001, from the saturated line). Orange diagonal line: The saturated relation for toluene.
Orange arrow indicates that the x-axis value for toluene is far beyond the limits of this plot (here, it
i 99,677).
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Figure S6. The same as Figure S5, but with a loguo scale for the x-axis and showing a x-axis range up
to x = 150,000 so that toluene and isopropyl myristate can be seen on the same plot. On this logio
scale, the chemical-specific gray lines representing the saturated relations become gray curves; iso-
propyl myristate is highlighted in purple, and toluene in orange. Note that each saturation curve is
drawn to end where it crosses the non-saturated black curve, highlighting the fact that the saturated
value will only be used if it is less than the non-saturated value. Orange vertical line: The x-axis
value for toluene at default § =82.008/60 m3/min. This vertical line is well beyond the point where
the orange saturated curve crosses the non-saturated black curve, so the y-axis is given by the non-
saturated curve (here, 0.99999).

Toluene is on the extremely shallow part of this asymptotic relation, even for low-
end f =1 m3min, as seen in Figure 56 and Figure S5. Increasing [3 therefore barely in-
creases emissions at all. However, increasing 3 does increase the rate at which a chemical
is removed from the user bubble via air exchange. On balance, then, increasing 3 tends to
decrease yjr concentration in the user bubble.

Isopropyl myristate is limited by its air saturation concentration in the range £ =1-
5 m’/min, meaning that sensitivity is defined by the chemical-specific slope of its satura-
tion line (Equation S93). For this chemical K = 6.9e-4. Although this is a shallow slope that
results in only a small increase in Masspem—-qir as B increases from 1 to 5 m3/min, this
increase still slightly outweighs the corresponding increase in the rate at which a chemical
is removed from the user bubble via air exchange. On balance, then, increasing 3 tends to
increase the concentration in the user bubble.

These results help to elucidate the results of the overall sensitivity analysis of the
effect of 3 on inhalation exposure across all chemicals in the Ex Priori model, as presented
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in Figure 3 of the main text. There, the low-end value of  was 60 m¥hour (1 m*/min), and
the high-end value of 3 was 300 m?hour (5 m?min) compared to the default value of
82.008 m3/hour (1.3668 m?/min). In that sensitivity analysis, median inhalation exposure
across chemicals increased at the high-end value of (3. This result suggests that the median
chemical in Ex Priori behaves more like isopropyl myristate than toluene.

This result can be elucidated further by calculating the ratio of inhalation exposure
for high-end 3 to inhalation exposure for the default 3 for all of the chemicals in Ex Priori.
If this ratio is greater than 1, then inhalation exposure increases at the high-end value of
[3; if the ratio is less than 1, then inhalation exposure decreases at the high-end value of 3.
This ratio can then be plotted vs. the fraction emitted, Mass pem—qir/MaSScpem , calcu-
lated at the default 3 = 82.008/60 = 1.4 m?*/min. Note that toluene and isopropyl myristate
are both marked on Figure S7.

As shown in Figure S7, there are two “branches” of the relationship between the ratio
and fraction emitted. One branch applies to chemicals that do not reach the air saturation
concentration at default 3; the other branch applies to chemicals that do reach saturation.
The non-saturated branch corresponds to using the black curve in Figure S5, and the sat-
urated branch corresponds to using the chemical-specific gray curve in Figure S5. The
horizontally flat part of the saturated branch (where isopropyl myristate is marked) cor-
responds to the shallowest gray lines in Figure S5—those where increased emissions
barely outpace increased air-exchange removal with increased 3. The two points between
the branches represent chemicals that reach air saturation concentration at default 3 but
that are no longer saturated at high-end (3. These are Sodium Octane-1-Sulphonate Mon-
ohydrate (CASRN 5324-84-5) and 2-Methyl-P-Phenylenediamine Sulphate (CASRN 6369-
59-1). The five points on the saturated branch that are below the ratio-1 horizontal line
(meaning that inhalation exposure decreased at high-end 3 for these five chemicals) were
also saturated at default 3 but were no longer saturated at high-end {3, meaning that the
effective steepness of the dependence on f3 is reduced. Estimating according to Figure S7,
the ratio of intake exposure for high to default  is approximately one when the fraction
emitted is approximately 0.7.

As shown in the horizontal marginal histogram on Figure S7, the majority of chemi-
cals considered in Ex Priori have been emitted at low fractions at default 3, meaning that
as [ increases, they have a steep enough increase in emissions to outweigh increased re-
moval via air exchange. Additionally, 56% of Ex Priori chemicals reach the air saturation
concentration at default  and are therefore governed by the “saturated” branch of the
relation. Compared to the non-saturated branch, chemicals on the saturated branch show
a greater increase in inhalation exposure as {3 increases. This leads to the result observed
in the main sensitivity analysis: the 50t percentile inhalation exposure increases when 3
is increased to its high-end value of 5 m3/minute.
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Figure S7. Points: Ratio of Ex Priori-predicted total inhalation exposure for high-end 3 (5 m3/min)
to total inhalation exposure for default 3 (1.36 m3/min) plotted against fraction of chemicals emitted
at default 3. Each point is one chemical. Points are color-coded by whether the steady-state air con-
centration is saturated at default $ (1.36 m3/min). Isopropyl myristate is marked with an arrow la-
beled “Iso”. Toluene is marked with an arrow labeled “Tol.” Horizontal line: An inhalation-expo-
sure ratio of 1. Below this line, inhalation exposure decreases between default and high-end f3.
Above this line, inhalation exposure increases between default and high-end . Margins: Histo-
grams of fraction emitted and the ratio of inhalation exposures for high-end vs. default  (height of
bars = count of chemicals in each bin).

Additionally, the sensitivity of the fraction emitted to {3 helps to explain the sensitiv-
ity of non-inhalation exposures to 3. Because Ex Priori calculates chemical emissions to
air first and divides the remaining chemical mass between skin and floor dust, the mass of
chemical available for dermal or indirect ingestion exposure therefore depends on the
mass of chemical emitted to air. The mass emitted to air is sensitive to (3 for all but the
most volatile chemicals. Therefore, dermal and indirect ingestion exposures are indirectly
sensitive to 3 as well for all but the most volatile chemicals.

S4. Evaluation of Ex Priori Predictions by Comparison to Population Aggregate Expo-
sures Inferred from NHANES Urinary Biomonitoring Data

Table S7. Letter codes used in Figure 4 in main text to represent chemicals. Column 4 is the
NHANES-inferred population median aggregate exposure drawn from Supplemental Table S4 of
Stanfield et al. [32], and Column 5 is the Ex Priori-predicted absorbed exposure from the “Dash-
board” tab of Ex Priori (run with all weights set equal to 1) converted from g/day to mg/kg/day by
dividing by an average adult body weight of 70 kg and applying a conversion factor of 1000 mg/g.

Code

CAS.RN

Ex Priori-
NHANES-inferred Predicted
Name Median Aggregate Absorbed
Exposure (mg/kg/day) Exposure
(mg/kg/day)

108-88-3
131-57-7

Toluene 3.92x10° 6.29
Benzophenone-3 3.17x10+ 6.07
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Ex Priori-
NHANES-inferred Predicted
Code CAS.RN Name Median Aggregate Absorbed
Exposure (mg/kg/day) Exposure
(mg/kg/day)
C 94-26-8 Butyl paraben 7.98x107 3.27
D 1330-20-7 Xylene 2.35x107 2.47
E 106-46-7 para-Dichlorobenzene 3.86x10-° 2.23
F 120-47-8 Ethyl paraben 1.56x10- 2.70
G 127-18-4 Tetrachloroethene 1.94x107 1.06
H 100-41-4 Ethylbenzene 1.09x10+ 1.06
I 94-13-3 n-propyl paraben 7.34x10° 1.34
J 99-76-3 Methyl paraben 5.54x10+ 1.62
K 84-66-2 Diethyl phthalate 6.33x10* 5.59x101
L 79-01-6 Trichloroethene 4.35x1077 3.89x101
M 3380-34-5 Triclosan 5.94x10-5 1.17x101
N 84-74-2 Dibutyl phthalate 1.33x10-° 9.00x10
o 91-20-3 Naphthalene 8.60x10-¢ 9.64x102
P 101-20-2 Triclocarban 1.04x10- 5.49x102
Q 121-75-5 Malathion 9.01x10~7 7.33x1072
R 90-43-7 ortho-Phenylphenol 8.13x107 2.38x102
S 100-42-5 Styrene 5.18x10 1.90x10-2
T 85-68-7 Benzylbutyl phthalate 1.96x10+ 1.21x1072
U 13674-84-5 Tris(1-chloro-2-propyl) phosphate (TCPP) 3.05x10-6 1.75x102
\ 94-75-7 2,4-Dichlorophenoxyacetic acid 4.18x10~7 2.12x1072
W 1912-24-9 Atrazine 8.14x10-8 1.67x102
X 134-62-3 N,N-Diethyl-3-methylbenzamide 4.36x107 2.61x102
Y 541-73-1 1,3-dichlorobenzene 2.84x107 1.18x102
Y4 63-25-2 Carbaryl 8.54x10° 1.68x1072
a 52645-53-1 Permethrin 1.19x10-¢ 4.94x103
b 52315-07-8 Cypermethrin 1.24x10-° 2.84x103
c 52918-63-5 Deltamethrin 1.38x10-5 1.93x10-3
d 2921-88-2 Chlorpyrifos 1.51x10-¢ 1.20x10-°
e 126-73-8 Tri-n-butyl phosphate (TBuP) 3.51x106 1.37x10-3
f 71-43-2 Benzene 2.84x10¢ 1.69x1073
g 62-73-7 Dichlorvos 9.22x107 5.38x10-3
h 68359-37-5 Cyfluthrin 5.55x10~7 4.36x10*
i 114-26-1 Propoxur 3.06x10~ 1.45x1073
j 22248-79-9 Tetrachlorvinphos 1.44x10-° 5.68x10+
k 75-56-9 Propylene oxide 1.49x10* 7.62x1072
1 52-68-6 Trichlorfon 1.05x10-° 2.02x10-°
m 123-30-8 4-Aminophenol 1.22x107 7.06x10-*
n 30560-19-1 Acephate 4.39x107 2.84x102
o 107-13-1 Acrylonitrile 1.12x10-° 1.88x10+
P 79-06-1 Acrylamide 3.85x10- 1.94x10-5

Here is the R summary of the linear regression model shown in Figure 4 of the main
text (linear model of the data in Table S7), where “Median_Exposure” is the NHANES-
inferred population median aggregate exposure drawn from Supplemental Table 54 of
Stanfield et al. [32], and “ExPriori_abs_mgkgday” is the Ex Priori-predicted absorbed ex-
posure from the “Dashboard” tab of Ex Priori (run with all weights set equal to 1)
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converted from g/day to mg/kg/day by dividing by an average adult body weight of 70
kg and applying a conversion factor of 1000 mg/g.
Call:
Im(formula =logl0(Median_Exposure) ~ log10(ExPriori_abs_mgkgday),
data = ep_nhanes_adult)

Residuals:
Min 1Q Median 3Q Max
-2.70614 -0.86411 0.01139 0.82316 2.11469

Coefficients:

Estimate Std. Error t value Pr(>1tl)
(Intercept) -4.7172 0.2667 -17.689 <2e-16
log10(ExPriori_abs_mgkgday) 0.3845 0.1320 2912 0.00584

(Intercept) o
log10(ExPriori_abs_mgkgday) **

Signif. codes: 0 “** 0.001 ** 0.01"* 0.05°”0.1°"1

Residual standard error: 1.159 on 40 degrees of freedom
Multiple R-squared: 0.1749, Adjusted R-squared: 0.1543
F-statistic: 8.482 on 1 and 40 DF; p-value: 0.005843

Here is the R summary of the unweighted linear regression between the SEEM3-pre-
dicted median population aggregate exposures and the NHANES-inferred median aggre-
gate exposures (using the most recent NHANES cohort). Data are drawn directly from
Supplemental Table S9 from Stanfield et al. [32]:

Call:

Im(formula = log10(Bayesmarker_median) ~ log10(SEEM_median),

data = s9_recent)

Residuals:
Min 1Q Median 3Q Max
-3.3562 -1.5204 0.3306 1.5718 3.2528

Coefficients:

Estimate Std. Error t value Pr(>Itl)
(Intercept) 0.7463 23118 0.323 0.74864
logl0(SEEM_median) 1.0635 0.3847 2.764 0.00884 **

Signif. codes: 0 “** 0.001 “** 0.01"* 0.05°"0.1°"1

Residual standard error: 1.948 on 37 degrees of freedom
Multiple R-squared: 0.1712, Adjusted R-squared: 0.1488
F-statistic: 7.641 on 1 and 37 D; p-value: 0.008842
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