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Why study indoor air?
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Why now?

Air permeability trends: house age
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Indoor sources?

HOME OFFICE ATTIC BASEMENT

- Printers, photocopiers: - Asbestos - Fibergrass - High humidity levels - Solvents
ozone, volatile organic - Insulation - Dust and dust mites - Unpleasant odors - Woodstove
compounds (VOC) - Mold - Dust and dust mites
- Melamine furniture (harmful - Carbon monoxide (CO) - Combustion system
vapors, VOC, formaldehyde) - Fireplace / smoke - Paint and chemicals
; - Firewood - Household cleaners
- Radon

LIVING ROOM = BADROOM

- Fireplace :
- Dust and dust mites
- Allergens

- Allergents
- Dust and dust mites
- Pet hair and dander

- Second-hand smoke R ) L
- Humidifiers S - Carbon dioxide (C02)

- Pet hair and dander
- Carpet

Carpet

BATHROOM
GARAGE 1 - Excess humidity
- Carbon monoxide (CO) - Personal hygiene
Gas 9 - products (aresols,
- Solvents TR - sprays, etc.
- Pesticides and herbicides - Mold spores)
- BU'SIt d chemical
- Paint and chemicals
- Cleaning agents KITCHEN
- Lingering odors
- Bacteria
- Cooking pollutants
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The indoor atmosphere

Formaldehyde Ppm

Outdoor air

Indoor air

< |
B Formaldehyde I 1 4-dichlorobenzene Il Tetrachloroethylene
[l Hexaldehyde M 1.2.4-timethylbenzene Acroleine
B Toluene M oXylene Trichloroethylene
W Acetaldehyde M Ethylbenzene Styrene
M n-Undecane M Benzene B 1-methoxy-2-propylacetate
B m/pXylene B 1-methoxy-2-propanol B 2-butoxy-ethylacetate
Bl n-Decane B 2-butoxyethanol
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Cooking

Particle numbers per cm?®

Frying vegetables (500 g) — gas stove 14 = 10°
Frying bacon (4 racers) — gas stove 5.9 x 10°
Frying vegetables (500 g) — electric stove 0.11 x 10°
Frying bacon (4 racers) — electric stove 1.6 =% 10°
Bake cake — gas oven 0.9 x 10°
Bake cake — electric oven 0.3 = 10°
Roast meat and potatoes — gas oven 1.2 x 10°
Roast meat and potatoes — electric oven 0.2 = 10°
Toast — gas grill 14 = 10°
Toast — electric grill 14 = 10°

* Cooking with gas generally leads to higher emissions than cooking with electric
* Cooking meat generally gives higher emissions than cooking vegetables

ALFRED P. SLOAN
Abdullahi et al., Atmospheric Environment 71 (2013) 260-294 FOUNDATION
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Cooking

Concentration

Frying 50 g of chips in a gas stove at maximum ug/ms3
power with:
Olive oil 118
Peanut Qil 68
Sunflower Oil 60
c IfIII- N
. > I: rnI-"xI:‘.l 1 I
300 - .‘" ;. S
e P = . . . .
7 * Olive oil > Peanut oil > Sunflower oil
§ " * Note that these concentrations are very much higher (x2-
= ,ﬁ . 10) than those you would measure outdoors in most
£y ., urban environments
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Limonene
reaction
pathways to
oxidation end
product, CO,
and Water

713 speciesin
1241 reactions
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VOC concentration (ug/m?)

Concentration (ug/m’*)
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Mins

3-Isopropenyl-6-oxo-heptanal (IPOH) concentration
versus decrease of the respiratory frequency curve.

Wolkoff et al,. 2013. https://doi.org/10.1016/j.toxlet.2012.11.008
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Scented candles

Global candles market was

"‘ s — (i 4  § =V=;~
valued at USS 7.5 Billion in — gl

2016 and is expected to
reach USS 11.7 Billion by
2025 (5-6% growth per
year)!!

ALFRED P. SLOAN
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MNOx concentration (ppm)
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Surface emissions

20
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Human emissions
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Figure 2. Measurements of CO,, isoprene and acetone taken during four separate screenings of “Hunger

Games 2", FOUNDATION




6-MHO, ppbv Ethanol, ppbv
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The Indoor Detailed Chemical Model (INDCM)

dC; _ -V, (A')C +A fC, - A.C. +Q+ZRU
dt VvV, S
C, = Concentration of species indoors A, = Indoor/outdoor exchange rate
V,4 = Deposition velocity f = Penetration factor
A, = Surface area of the room Q, = Indoor emission rate
V, = Volume of the room Rij = Gas phase reaction between species i and j

A

ALFRED P. SLOAN
Carslaw, N. A new detailed chemical model for indoor air pollution. Atmos. Environ. 41, 1164-1179 (2007) FOUNDATION




UNIVERSITY

o York

The Indoor Detailed Chemical Model (INDCM)

Building Physics: T; RH; - -
Air Exchange with lighting: heat and moisture Fhemlstry: chemical mechafnsms,
outdoors: exchange rate; flux; air flow; building mdoc'n pollutant concentrations;
infiltration through location and operation; physfc.alparamete.rs; ocwpant
building envelope; outdoor climate activities; surface interactions
outdoor concentrations / /

/ Aerosol: gas-to-
aerosol partitioning;
indoor pollutant

X || concentrations;
>
; physical
parameters;
X X Surface occupant activities;
out IN emissions surface interactions
A
—
/ Surface I@
Occupant exposure:
Health effects: chemical and/or Surface Chemistry:
biological exposure; inhalation, Occupancy effects: Emissions Deposition to surfaces; chemical
dermal or ingestion; hot spots from humans; transformation on surface; chemistry
transformation on human of films/coatings; emission from
surfaces; human activities; surfaces; surface composition;
building operation occupancy
i ALFRED P. SLOAN

FOUNDATION
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http://mcm.leeds.ac.uk/MCM

“The Master Chemical Mechanism
(MCM) is a near-explicit chemical
mechanism which describes the
detailed gas-phase chemical
processes involved in the
tropospheric degradation of a series
- of primary emitted volatile organic
- compounds (VOCs). Currently, the
degradation of methane and 142
non-methane VOCs is represented”

ALFRED P. SLOAN
FOUNDATION
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Assumptions

* Asingle well mixed environment (1d box model)

* lrreversible deposition on surfaces, consistent with measurements and 10-100 times lower than
measured outdoors

e Surface production for some measured species. Most notably HONO
* Photolysis is dealt with in distinct UV and visible bands. Constants have been determined from data
in the recent IUPAC recommendation. They are attenuated for windows and then summed

for each species

* QOutdoor concentrations are average profiles of specific locations S
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Python
Output

Concentration (molecules/cms3)
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Comparison

Concentration /ppt
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Thank you, any questions?
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