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Figure S1: The concentrations of key indoor species during a 13-minute cleaning event
(starting at 2pm).
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Table S1: The primary emission rates of species from indoor wooden and painted surfaces
in a kitchen, calculated from Plaisance et al. (2017); Alapieti et al. (2021); Cheng et al.
(2015). These emission rates are constant and have been added to INCHEM-Py.

Emission Rate
Species (molecule cm−3 s−1)

Formaldehyde 1.7 x 108

Acetaldehyde 9.6 x 107

Propanal 4.1 x 107

Butanal 5.0 x 107

Pentanal 4.1 x 107

Hexanal 1.1 x 108

Heptanal 5.2 x 106

Octanal 4.8 x 106

Nonanal 8.5 x 106

Decanal 4.5 x 106
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Table S2: The near-field concentrations (C i,nf) included in INCHEM-Py.

Species

Formaldehyde Acetaldehyde Propanal

3-Methylbutanal Acrolein Methacrolein

Crotonaldehyde Pentanal Hexanal

Heptanal Octanal Nonanal

Decanal 2-Nonenal Acetone

2-Butanone (MEK) 3-Buten-2-one (MVK) Cyclohexanone

Benzaldehyde o-Tolualdehyde m-Tolualdehyde

p-Tolualdehyde 2,5-Dimethylbenzaldehyde Benzene

Toluene p-Xylene m-Xylene

o-Xylene Ethylbenzene Propylbenzene

2-Ethyltoluene 3-Ethyltoluene 4-Ethyltoluene

1,3,5-Trimethylbenzene 1,2,4-Trimethylbenzene 1,2,3-Trimethylbenzene

p-Dichlorobenzene Styrene Cumene

Phenol Ethane Propane

Butane Isobutane 2,2-Dimethylbutane

2,3-Dimethylbutane Pentane 2-Methylpentane

3-Methylpentane Isopentane Hexane

2-Methylhexane 3-Methylhexane Heptane

Octane Nonane Decane

Undecane Dodecane Cyclohexane

Ethene Propene 1-Butene

cis-2-Butene trans-2-Butene 2-Methyl-1-butene

2-Methyl-2-butene Isoprene 1,3-Butadiene

continued on next page
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Species

trans-2-Pentene cis-2-Pentene Ethyne

Methanol Ethanol Isopropanol

1-Propanol 1-Butanol 1-Pentanol

1-Hexanol 2-Butoxyethanol Linalool

Chloroform Methylchloroform Dichloromethane

Trichloroethylene Tetrachloroethylene 1,2-Dichloroethane

Hydrogen Chloride Chloromethane α-Pinene

β-Pinene Limonene ∆3-Carene

Camphene Formic Acid Acetic Acid

Propanoic Acid Butanoic Acid Pentanoic Acid

Heptanoic Acid Hydrogen Peroxide β-Caryophyllene

Methane (CH4) Carbon Monoxide (CO) Sulfur Dioxide (SO2)

Nitric Acid (HNO3) Peroxyacetyl Nitrates (PAN) -
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Table S3: The resultant grid from the ADMS output. The relative concentration and
time columns have been added to the grid. The chosen distance was 95 m from which
the loss rate was calculated in Equation S1 below.

Equation S1: Calculations for determining loss rate (s−1) using the ADMS grid

(Table S3). A loss rate of 1.09 x 10−2 s−1 was calculated and used in the near-field

framework. This value was used as a dilution factor for the near-field concentration

because we explored street lengths varying between 100 and 140 m. The loss rates

calculated over the whole street was used in our ten-house analysis.

1

time (s)
× relative concentration = loss rate (s−1)

1

47.5 s
× 0.519 = 1.09× 10−2 s−1
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Table S4: The emission rates (calculated from HOMEChem (Farmer et al., 2019)), in
molecule cm−3 s−1, inputted into INCHEM-Py for the breakfast, lunch, dinner and clean-
ing activities.

Species Breakfast Lunch Dinner Cleaning

Methane - 6.9×108 2.0×108 -

Carbon Monoxide 1.9 ×1010 2.8×1010 1.6×1010 -

Acetaldehyde 9.8 ×106 1.9×107 3.6×107 1.8×108

Acetone - - - 1.8×107

α-Pinene 2.9×106 - - 2.2×105

Benzene 7.2×105 5.8×105 3.8×105 1.8×106

β-Pinene 2.6×106 - 2.0×106 1.3×107

Chloroform - - - 3.0×106

cis-But-2-ene 6.6×104 7.2×104 1.8×104 9.5×104

cis-Pent-2-ene 2.2×104 2.5×104 3.1×104 -

Ethane 2.9×107 4.6×107 2.4×108 -

Ethene 6.2×107 4.1×107 2.9×107 1.6×108

Ethylbenzene 1.2×106 - - 1.3×105

Ethyne 3.3×107 3.9×107 7.8×107 3.8×108

Isoprene 1.5×106 1.6×106 3.8×106 1.8×107

Isobutane 2.0×107 2.4×107 4.1×108 -

Isopentane 9.8×105 - - -

Limonene 8.3×106 - 2.9×106 1.5×107

Methyl Ethyl Ketone (MEK) 1.2×106 8.2×105 - -

m-Xylene 5.2×104 - 8.8×104 6.7×105

p-Xylene 5.2×104 - 8.8×104 6.7×105

Butane 1.4×107 9.0×106 - -

continued on next page
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Species Breakfast Lunch Dinner Cleaning

Decane 1.1×105 - 9.9×104 4.5×105

Heptane 1.8×105 - 1.4×105 6.8×105

Hexane 1.4×106 1.9×106 - -

Nonane 1.7×106 3.7×104 1.4×105 -

Octane 1.4×105 1.8×105 1.8×104 1.3×105

Pentane 1.1×106 1.1×106 2.1×106 1.0×107

Propane 3.4×109 3.7×109 - -

Propene 5.9×107 3.9×107 2.9×107 1.4×108

Styrene 1.6×105 2.8×105 - 5.3×105

o-Xylene 1.6×105 2.8×105 - 5.3×105

trans-But-2-ene 5.3×104 6.6×104 1.9×104 1.1×105

But-1-ene 4.8×105 7.8×105 1.3×106 -

o-Ethyltoluene 2.8×106 - 1.5×105 7.5×105

2-Methylbut-1-ene 3.4×104 - 4.9×103 2.7×104

m-Ethyltoluene 5.6×106 - - -

p-Ethyltoluene 5.6×106 - - -

1,2,3-Trimethylbenzaldehyde 1.9×106 - 2.8×106 1.5×107

1,3,5-Trimethylbenzaldehyde 1.4×105 2.4×106 9.9×104 4.7×105

Chloroformic Acid - - - 3.0×106

Nitryl Chloride - - - 1.8×108

Chlorine (Cl2) - - - 6.7×108

Hypochlorous Acid - - - 5.7×108
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Table S5: The outdoor concentrations, given in ppb, for the gas-phase species included
in the INCHEM-Py model (Uchiyama et al., 2015; Baudic et al., 2016; Lü et al., 2006;
Mentese and Bas, 2020; Bari and Kindzierski, 2018; Sturaro et al., 2010; Bari et al., 2016;
Gallego et al., 2016; Brickus et al., 1998; Hellén et al., 2018; Hakola et al., 2009; He et al.,
2010; Dlugokencky, 2022; Vichi et al., 2016; Liu et al., 2018; Li et al., 2018; EEA, 2018).

Species Outdoor Concentration (ppb)

Formaldehyde 2.5

Acetaldehyde 1.6

Propanal 0.38

3-Methylbutanal 0.04

Acrolein 0.11

Methacrolein 0.11

Crotonaldehyde 0.07

Pentanal 0.10

Hexanal 0.11

Heptanal 0.08

Octanal 0.10

Nonanal 0.60

Decanal 0.16

2-Nonenal 0.05

Acetone 2.0

2-Butanone (MEK) 0.22

3-Buten-2-one (MVK) 0.11

Cyclohexanone 0.69

Benzaldehyde 0.06

o-Tolualdehyde 0.05

m-Tolualdehyde 0.08

continued on next page
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Species Outdoor Concentration (ppb)

p-Tolualdehyde 0.08

2,5-Dimethylbenzaldehyde 0.32

Benzene 0.39

Toluene 1.7

p-Xylene 0.25

m-Xylene 0.25

o-Xylene 0.17

Ethylbenzene 0.36

Propylbenzene 0.16

2-Ethyltoluene 0.01

3-Ethyltoluene 0.02

4-Ethyltoluene 0.01

1,3,5-Trimethylbenzene 0.07

1,2,4-Trimethylbenzene 0.22

1,2,3-Trimethylbenzene 0.05

Styrene 0.09

Cumene 0.12

Phenol 0.71

Ethane 3.7

Propane 1.5

Butane 1.4

Isobutane 0.83

2,2-Dimethylbutane 0.08

2,3-Dimethylbutane 0.11

continued on next page
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Species Outdoor Concentration (ppb)

Pentane 0.35

2-Methylpentane 0.16

3-Methylpentane 0.10

Isopentane 0.60

Hexane 0.45

2-Methylhexane 0.10

3-Methylhexane 0.13

Heptane 0.02

Octane 0.02

Nonane 0.12

Decane 0.40

Undecane 0.59

Dodecane 0.04

Cyclohexane 0.03

Ethene 1.4

Propene 0.37

1-Butene 0.16

cis-2-Butene 0.02

trans-2-Butene 0.02

2-Methyl-1-butene 0.02

2-Methyl-2-butene 0.02

Isoprene 0.09

1,3-Butadiene 0.02

trans-2-Pentene 0.02

continued on next page
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Species Outdoor Concentration (ppb)

cis-2-Pentene 0.01

Ethyne 0.64

Methanol 4.5

Ethanol 6.6

Isopropanol 3.8

1-Propanol 0.51

1-Butanol 1.0

1-Pentanol 0.002

1-Hexanol 0.001

2-Butoxyethanol 1.0

Linalool 0.001

Chloroform 0.03

Methylchloroform 0.31

Dichloromethane 0.10

Trichloroethylene 0.37

Tetrachloroethylene 0.02

1,2-Dichloroethane 0.02

Hydrogen Chloride 1.5

Chloromethane 0.57

α-Pinene 0.13

β-Pinene 0.05

Limonene 0.10

∆3-Carene 0.11

Camphene 0.02

continued on next page
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Species Outdoor Concentration (ppb)

Formic Acid 7.5

Acetic Acid 15.7

Propanoic Acid 0.08

Butanoic Acid 0.06

Pentanoic Acid 0.03

Heptanoic Acid 0.004

Hydrogen Peroxide 1.3

β-Caryophyllene 0.004

Methane (CH4) 1891

Carbon Monoxide (CO) 195

Sulfur Dioxide (SO2) 0.70

Nitric Acid (HNO3) 0.39

Peroxyacetyl Nitrates (PAN) 2.2

Table S6: The percentage change of key indoor species concentrations following the
omission of propane emissions during the layered day simulation. A positive percentage
change indicates an increase in concentration, whereas a negative percentage change
indicates a decrease in concentration following the removal of propane emissions.

Species Percentage Change (%)
OH −4.9
O3 1.9
NO −0.2
NO2 2.1
HO2 −21.3
RO2 51.8
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Equation S2: Calculation for VOC Emissions (Section 3.4 - How Indoor Sources con-

tribute to Outdoor Air Pollution)

Ci × ACR× 106 ×Mr × Vhouse

NA

= Ei

where:

Ci = Indoor VOC Concentration (molecule cm−3)

ACR = Air Change Rate (12 day−1)

Mr = Molecular Weight (g mol−1)

Vhouse = Volume of a House (500 m3)

NA = Avogadro’s Constant (6.022 × 1023 molecule mol−1)

Ei = VOC Emission Rate (g day−1)

The emission rates from the NMVOCs are then summed to produce a total VOC emission

rate (Eitot).
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