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Nahian & Siegel in review



Indoor Chemistry is Contextually Driven

• In different buildings and in the same building over time…
• Sources and reservoirs will lead to different concentrations, and partitioning 

behaviour
• Chemical transformations will be different
• Control and management of chemicals will have a different effect
• Exposure to chemicals will be different

Indoor ChemistryIndoor Chemistry



Indoor Chemistry

• What are some important building “systems” and how are they 
important to indoor chemistry?

• How can they be characterized/measured?
• How does building science tie to the recommendations in the report?



To understand/manage indoor chemistry, you 
need to understand the building

Ventilation 
and Air Flow

HVAC 
Systems

Surfaces (seen 
and unseen)

People/behaviour, microorganisms, energy and moisture  flows, etc. etc.



Ventilation 101
Mechanical Ventilation (fan-driven)
• Can be exhaust, supply, or balanced
• Can be integrated with HVAC
• Can be user controlled or scheduled

Image: https://www.bpcventilation.com/blog/what-is-a-mechanical-ventilation-system/

Leakage (not fan-driven)
• Can be intentional (natural ventilation)
• Depends on pressures caused by wind, 

stack effect, and HVAC
In general, ventilation increases the indoor 
concentration of outdoor compounds and 
decreases the concentration of indoor compounds
Time scale for ventilation is crucial to indoor 
chemistry



Wallace et al. (2002) JESEE

Windows closed: 0.44 ± 0.15 h-1

Windows open: 1.57 ± 0.73 h-1

    0.05         0.11          0.25   0.55         1.22          2.72
Air Changes (h-1)



Ventilation Measurement

Liu et al. 2018 Indoor Air



Carrilho et al. (2015) Energy Bldg.

Alavy et al. (2018) Bldg Environ



Du & Siegel (2023) ES&T



Ventilation Summary

• Ventilation is usually important for indoor chemistry, particularly when
• Ventilation time scales are long 
• You are assessing indoor sources/reactions by assessing concentrations
• Indoor chemistry is dependent on outdoor concentrations
• You are controlling products of indoor chemistry or sources
• You are considering control approaches

• Ventilation is dynamic and has multiple pathways
• Assessments need to be continuous
• Impact on indoor compounds can be complicated by 

processes that happen while ventilation occurs
PNO = ~1
PNO2 = 0.72 ± 0.06 

Zhao et al. (2019) ES&T



Ventilation 201
• Air movement within and between building zones/rooms is often 

important too

Collins et al. (2018) ES&T

Novoselac and Siegel (2009) BAE
Lozinsky and Touchie (2020) Indoor Air



Surfaces 101

• Surfaces are enormously important to many aspects of indoor 
chemistry

• Surface area/volume ratios of 1-4/m in indoor environments
• Surfaces have two components

• Substrate: Changes slowly compared to many indoor chemical processes
• Patina/coating/layer: Changes over variable time scales & prior history is 

relevant  

Image: https://www.vecteezy.com/free-vector/cloth



Unseen Surfaces

Image: beautyharmonylife.com/ 
Image:https://en.m.wikipedia.org/wiki/File
:Berber_Carpet_%28macro%29.jpg

Image: jadelearning.com/ 

Chin et al. (2019) Env Sci Proc. Impacts

• Clean surface area to 
volume ratios

• Ducts  (~1-10/m)
• Heat exchangers 

(100-1000/m)
• HVAC filter (~100/m)

Images: https://www.pickhvac.com,
https://www.dh-ts.com,
 https://www.captiveaire.com



Measurement of Surfaces

• In processes where surfaces are important
• Consider physical and/or biological as well as chemical characterization

• Role of water (and particularly adsorbed water)
• Consider history of surfaces

Image: http://buildingscience.com

https://www.reddit.com/r/Mold/comments/skry8
k/is_this_mold_on_the_popcorn_ceiling/



HVAC 101
Core functions
• Heating & cooling
• Ventilation
• Humidity control
• Air flow control

• HVAC systems are carefully 
designed to provide comfort
and maintain indoor air quality, 
installed and maintained by 
trained professionals, and 
operated in an energy-efficient
manner.

• HVAC systems are designed using rules of 
thumb that were marginally appropriate 
to a building at the time of construction, 
installed by the least-cost bidder,  have 
been minimally maintained, and likely 
have significant control and/or operational 
failures.



Batterman and Burge (1995) 
HVAC&R Res.

Morrison et al. 
(1998) JAWMA



Recirculation: Building volumes that pass through system

• Another time scale for 
comparison to time scales of 
HVAC chemistry

• Degree of connection between 
HVAC surfaces and indoor air

• Removal by filter/air cleaner
• Distribution and air mixing
• Dilution of indoor sources
• Chemistry at extreme conditions

• Heat, liquid water, UV lamps



Siegel et al. (2013) ASHRAE RP-1596 Report

Outdoor Air: Fraction/amount of outside 
air entering through mechanical ventilation

• Inflow of outdoor 
contaminants

• Often highly dynamic



Runtime: Fraction of time that 
system operates

Data from: Touchie and Siegel (2018) Indoor Air

Li et al. (2019) Bldg Environ

• Every HVAC impact on indoor 
chemistry is tied to runtime



Schwartz-Narbonne et al. (2021) ES&T

Duncan et al. (2019) ES&T



Indoor Chemistry Matters

• 11 Recommendations include researchers
• Characterizing the building is often needed to fully contextualize chemistry
• Characterizing the building allows for generalization of results to other indoor 

environments
• Extreme environments are common in buildings

• James Scott: “…few places on earth get as hot as a rooftop or as dry as the corner of a 
heated living room.” Wired 2011

• Does this lead to extreme chemistry?

Building Aware Indoor Chemistry Research



Indoor Chemistry Matters

• Three recommendations include funders/funding agencies
• Consider characterization of the building in program design/granting
• Many measurements/measurement approaches can be collected with low-

cost sensors or involve analysis of existing data

• Two recommendations involve building design/standardization and 
two highlight the importance of interdisciplinary collaborations

• Indoor chemistry’s impact on other fields will come from adopting language 
and valuing contribution of other fields



Indoor Chemistry Matters
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