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Filtration is a system.



Filtration: Context is Everything

• The virus/particle/droplet/contaminant has to get to the filter
• The filter has to remove the virus/particle/droplet/contaminant 
• The removal to the device has to contribute substantially to overall removal

Airflow, In-situ efficiency, Effectiveness



Touchie and Siegel (2018) Indoor Air

Recirculation: Home volumes 
that pass through filter when 
system operates

Runtime: Fraction of time that 
system operates



Ref: Hanley et al. (1994) Indoor Air

Efficiency: Single pass removal of particles



Efficiency: Standard 52.2

• Test approach
• In a lab
• Perfectly installed
• At a fixed flow rate
• Potassium chloride aerosol
• With successive dust loadings
• Optional conditioning step

• Notes
• Not a residential standard
• Not an in-situ standard
• Only addresses 0.3-10 µm particles

ASHRAE Standard 52.2-2017
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Li and Siegel (2020), Indoor Air

ASHRAE 52.2 
initial test



Ward & Siegel (2005) ASHRAE Trans.
Siegel et al. (2008) Indoor Air Conf.
Chojnowski et al. (2009) ASHRAE Trans.
VerShaw et al. (2009) ASHRAE Trans.



Lehtimäki et al. (2002) ASHRAE RP-1189 Report

Li & Siegel (2020) Indoor Air
Lehtimäki & Heinonen (1994) Bldg Environ



Alavy and Siegel (2019) 
Sci Tech. Built Environ.



Zhang et al. (2020) Sci Tech Built Environ

• Low runtimes (~10%)
• Leaky older homes
• Lots of bypass



Effective Filtration

• Good filter
• Properly installed
• With large enough flow rate
• With high enough run time
• Changed frequently

Effectively compete with 
deposition and ventilation  
losses

Novoselac & Siegel (2009) Bldg Environ

0.74 µm 10 µm



Other Air Cleaning Technologies

Image ref: Allergy Cosmos

This is a suitable place to give a most 
earnest warning against the use of 
so-called secret remedies and patent 
medicines…. Pettenkofer (1883)

• Photocatalytic oxidation, plasma, ionization, sprays
• These are not terms with firm definitions

• There is not independent evidence of efficacy –
many (most?) don’t work/have low performance

• There is evidence of harm (ozone emission, ion 
concentration, byproduct formation)



Research Needs #1

• In-situ effective filtration performance test with low-cost monitors
• Continuous performance monitoring
• Personal monitoring to assess exposure reduction

Stephens & Siegel (2012) Aerosol Sci Tech



Research Needs #2

• Alternative control approaches (energy, electricity availability, filter 
longevity)

• Predictive air cleaning

Givehchi Unpublished

False 
Positive

False 
Negative



Research Needs #3

Moore et al (1954) HPAC

Givehchi et al.  (2019) Indoor Air

Review & Quantitative Approach
Haaland & Siegel (2017) Indoor Air

Mahdavi and Siegel (2021) Indoor Air

Horve et al. arXiv preprint



Overall Summary

• Variety of challenges and opportunities with filtration
• Challenges: effective use of filtration, inclusion of filtration in 

intervention studies, addressing behaviour and 
communication/education issues, minimally effective/harmful 
technologies

• Opportunities: Better utilization and control, exposure assessment
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