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How do we improve indoor air quality?

1. Keep it Dry

2. Source Control

3. Ventilation

4. Air Cleaning

Leviticus 14:33-53 New International Version (NIV)
33 The LORD said to Moses and Aaron, 34 “When you enter the land of 

Canaan, which I am giving you as your possession, and I put a spreading 

mold in a house in that land, 35 the owner of the house must go and tell the 

priest, ‘I have seen something that looks like a defiling mold in my 

house.’ 36 The priest is to order the house to be emptied before he goes in 

to examine the mold, so that nothing in the house will be pronounced 

unclean. After this the priest is to go in and inspect the house. 37 He is to 

examine the mold on the walls, and if it has greenish or reddish 

depressions that appear to be deeper than the surface of the wall, 38 the 

priest shall go out the doorway of the house and close it up for seven 

days. 39 On the seventh day the priest shall return to inspect the house. If 

the mold has spread on the walls, 40 he is to order that the contaminated 

stones be torn out and thrown into an unclean place outside the 

town. 41 He must have all the inside walls of the house scraped and the 

material that is scraped off dumped into an unclean place outside the 

town. 42 Then they are to take other stones to replace these and take new 

clay and plaster the house.
43 “If the defiling mold reappears in the house after the stones have been 

torn out and the house scraped and plastered, 44 the priest is to go and 

examine it and, if the mold has spread in the house, it is a persistent 

defiling mold; the house is unclean. 45 It must be torn down—its stones, 

timbers and all the plaster—and taken out of the town to an unclean place.



How do we improve indoor air quality?

1. Keep it Dry

2. Source Control

3. Ventilation

4. Air Cleaning

“If there is a pile of manure in a space, do not try to 
remove the odor by ventilation.  Remove the pile of 
manure.” ~ Max von Pettenkofer, 1858



How do we improve indoor air quality?

1. Keep it dry

2. Source Control

3. Ventilation

4. Air Cleaning

“When `the wise women buildeth her 

house,’ the first consideration will be to the 
health of the inmates.  The first and most 
indispensable requisite for health is pure 
air, both by day and by night.”

“A learned physician also thus wrote to the author of this 
chapter: "The subject of the ventilation of our dwelling-houses 
is one of the most important questions of our times. How 
many thousands are victims to a slow suicide and murder, the 
chief instrument of which is want of ventilation!”

Beecher CE, Stowe H B. 1869. The American Woman’s Home. New York: J.B. Ford and Company. 
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Data from Burroughs et al. (2020) ASHRAE Trans
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We all (should) know Indoor Air Quality (IAQ) 
is Important
• We spent most of our time in buildings

• There are unique indoor sources

• Even exposure to outdoor pollutants happens mostly inside

• We have all just lived through a pandemic

• Increasingly we see wildfires, ambient air pollution events, more 
shared air



Example Myth 1: Use Green Building Materials
• Classic answer: Low-VOC paint

• Less odor, less VOCs, dries faster
• Increased emission of specific VOCs of concern, inclusion of SVOCs, increased acetic 

acid, poor ventilation recommendations Schieweck & Bock (2015) Bldg. Environ.

• “Green” answer: No-VOC paint
• Linseed oil (or similar) base Knudsen et al. (2003) Indoor Air
• “the SOA concentrations generated at modest O3 concentrations approach or 

exceed current guideline levels for PM2.5 established by the US EPA and the World 
Health Organization” 

 Toftum et al. (2008) Atmos. Environ.

Right answers (my opinion): 
Ordinary latex paint and wait 
before occupancy, use 
surfaces that don’t need to be 
painted



Example Myth 2: Integrate Plants
9/27/2015 Can indoor plants improve air quality? | Cleaning | What you can do | David Suzuki Foundation

http://www.davidsuzuki.org/what-you-can-do/queen-of-green/faqs/cleaning/can-indoor-plants-improve-air-quality-inside-my-home/?print 1/1

Believe  it  or  not,  NASA  created  a  list  of  the  best  air-filtering  plants!

The  plants  listed  below  are  some  of  the  most  popular  house  plants,  so  they'll  be  easy  to  find,  and  they're

also  easy  to  care  for.

Decorate  your  home  or  office  with  a  combination  of  indoor  plants

Spider  plants

Peace  lilies

Snake  plants  (aka  mother-in-law's  tongue)

Elephant  ears

Weeping  figs

Rubber  plants

Bamboo  palms  (aka  reed  palm)

Back  in  the  1980s,  NASA  did  a  study  to  look  at  which  plants  were  best  able  to  filter  the  air  of  the  space

station!  And  if  it's  good  enough  for  the  space  station...

You  don't  have  to  be  an  astronaut  to  know  that  plants  produce  oxygen.  But  what  you  might  not  realize  is

that  indoor  plants  can  also  absorb  contaminants  like  benzene  and  formaldehyde  (a  known  carcinogen).  Dr.

B.C.  Wolverton's  research  also  showed  that  plant-filtered  rooms  have  50  to  60  per  cent  less  airborne

microbes,  like  mold  spores  and  bacteria.

Get  rid  of  any  fake,  silk  plants—they  only  collect  dust—and  harness  the  environment's  natural  ability  to

clean  itself.  You  can  also  check  the  library  for  a  more  exhaustive  list  in  Dr.  B.  C.  Wolverton's  book,  How  to

Grow  Fresh  Air:  50  houseplants  that  purify  your  home  or  office.

What  you  can  do  »  Queen  of  Green  »  FAQs  »  Cleaning

Can indoor plants improve air quality?

Ref: http://www.davidsuzuki.org/what-you-can-
do/queen-of-green/faqs/cleaning/can-indoor-
plants-improve-air-quality-inside-my-home/

Images courtesy Sandra Dedesko
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Abstract

Childhood hypersensitivity pneumonitis (HP) is often associated with exposure to antigens in the home

environment. We describe a case of HP associated with indoor hydroponics in a 14-year-old girl. Water samples

from hydroponics revealed Aureobasidium pullulans as the dominant fungal micro-organism (104 CFU/ml). The

diagnosis is supported by the existenceof serum precipitat ing antibodies against A. pullulans, lymphocytic alveolitis on

bronchoalveolar lavage (BAL) fluid, a corresponding reaction on a lung biopsy, and the sustained absence of clinical

symptoms following the removal of hydroponics from the home. We conclude that hydroponics should be considered

as potential sources of fungal contaminants when checking for indoor health complaints.

r 2008 Elsevier GmbH. All rights reserved.

Keywords: Hypersensitivity pneumonitis; Fungi; Indoor hydroponics; Potting soil; Aureobasidium pullulans

Case report

A 14-year-old girl was admitted to hospital having

experienced coughing for 10 weeks and increasing

dyspnoea on exertion. These symptoms prevailed over

the whole time period without any marked accentuation

regarding any particular location or other external

factors. There were no other allergic or respiratory

diseases in the medical history. The environmental

history revealed no contacts to pets or birds; the family

had lived in the same house for several years, without

any obvious mould exposure. No ultrasonic humidifiers

had been used. In the living room three hydroponic

plants (two Yucca elephantipes and one other unspeci-

fied palm tree) were grown in three large pots. The

plants did not suffer from obvious diseases. The plant

pots were exclusively filled with extended clay pebbles,

tap water and hydroponic nutrient solutions, without

any supplemental materials (e.g., soil, sand, gravel,

perlite, vermiculite, or rock wool).

At the time of hospital admission, the physical

examination revealed no obvious respiratory distress

except bilateral inspiratory crackles. The haemoglobin

level amounted to 15.9g/dl, and white blood cell count,

serum chemistry, and capillary blood gas analysis all

ranged within the reference values. The chest roentgen-

ogram presented bilateral micronodular infiltrates.

Pulmonary function tests used to evaluate the subject

were carried out according to published ATS/ERS

guidelines. Pulmonary function tests performed on the

day following admission revealed a vital capacity of

57%, FEV1 of 55%, and diffusion capacity for carbon

monoxide (TLCO) of 38% of the adjusted reference

ARTICLE IN PRESS

www.elsevier.de/ijheh

1438-4639/$- see front matter r 2008 Elsevier GmbH. All rights reserved.

doi:10.1016/j.ijheh.2008.01.001
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Received 27 April 2007; received in revised form 8 January 2008; accepted 16 January 2008

Abstract

Childhood hypersensitivity pneumonitis (HP) is often associated with exposure to antigens in the home

environment. We describe a case of HP associated with indoor hydroponics in a 14-year-old girl. Water samples

from hydroponics revealed Aureobasidium pullulans as the dominant fungal micro-organism (104CFU/ml). The

diagnosis issupported by theexistenceof serum precipitating antibodiesagainst A. pullulans, lymphocytic alveolitison

bronchoalveolar lavage (BAL) fluid, a corresponding reaction on a lung biopsy, and the sustained absenceof clinical

symptoms following theremoval of hydroponics from thehome. Weconclude that hydroponics should beconsidered

as potential sources of fungal contaminants when checking for indoor health complaints.

r 2008 Elsevier GmbH. All rights reserved.

Keywords: Hypersensitivity pneumonitis; Fungi; Indoor hydroponics; Potting soil; Aureobasidium pullulans

Case report

A 14-year-old girl was admitted to hospital having

experienced coughing for 10 weeks and increasing

dyspnoea on exertion. These symptoms prevailed over

thewholetimeperiod without any marked accentuation

regarding any particular location or other external

factors. There were no other allergic or respiratory

diseases in the medical history. The environmental

history revealed no contacts to pets or birds; the family

had lived in the same house for several years, without

any obvious mould exposure. No ultrasonic humidifiers

had been used. In the living room three hydroponic

plants (two Yucca elephantipes and one other unspeci-

fied palm tree) were grown in three large pots. The

plants did not suffer from obvious diseases. The plant

pots were exclusively filled with extended clay pebbles,

tap water and hydroponic nutrient solutions, without

any supplemental materials (e.g., soil, sand, gravel,

perlite, vermiculite, or rock wool).

At the time of hospital admission, the physical

examination revealed no obvious respiratory distress

except bilateral inspiratory crackles. The haemoglobin

level amounted to 15.9g/dl, and white blood cell count,

serum chemistry, and capillary blood gas analysis all

ranged within the reference values. The chest roentgen-

ogram presented bilateral micronodular infiltrates.

Pulmonary function tests used to evaluate thesubject

were carried out according to published ATS/ERS

guidelines. Pulmonary function tests performed on the

day following admission revealed a vital capacity of

57%, FEV1 of 55%, and diffusion capacity for carbon

monoxide (TLCO) of 38% of the adjusted reference

ARTICLE IN PRESS

www.elsevier.de/ijheh

1438-4639/$-see front matter r 2008 Elsevier GmbH. All rights reserved.

doi:10.1016/j.ijheh.2008.01.001

Corresponding author. Tel.: + 22828714434; fax: + 22828714645.

E-mail address: steffen.engelhart@ukb.uni-bonn.de (S. Engelhart).

Int. J. Hyg. Environ. Health 212 (2009) 18–20

Childhood hypersensitivity pneumonitis associated with fungal
contamination of indoor hydroponics

Steffen Engelharta, , Ernst Rietschelb, Martin Exnera, Lars Langeb
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Example Myth 3: Essential Oil Diffusers

https://www.airlifebetter.com/ultrasonic-and-nebulizer-diffusers-compared/

Zhang, et al. (2020). Sci Tech Built Environ

Schwartz-Narbonne et al. (2021)  & Du et al (2022) Indoor Air

https://www.airlifebetter.com/ultrasonic-and-nebulizer-diffusers-compared/
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• Healthy indoor environments:
• Improve cognitive performance and 

learning

• Increase productivity

• Improve performance on 
standardized tests

• Reduce absenteeism from school 
and work

• Reduce asthma frequency and 
severity

• Cause students to have higher 
salaries when they graduate

• Lower healthcare costs

e.g., Fisk and Rosenfeld (2004) Indoor Air

Vakalis et al. (2021) Crit Rev Envrion Sci Tech



Aldred et al. (2016) Sci Tech Built Environ



ASHRAE believes that indoor air quality and will remain the 
single most important health issue…

Unacceptable indoor air quality can impair our health, affect 
our sense of well-being and affect our productivity…
 
Today, we might not always want to bring in unfiltered 
uncontrolled outside air…

The way we live today, spending more than 90% of our time 
indoors, creates the need for a better knowledge of what 
contaminants are present in the indoor environment and 
their effect on people….

The issue of indoor air quality is a sleeping giant whose time 
has come…





Why haven’t we moved the needle on IAQ on as 
much as on other issues?

1. We need to do a better job in assessing the benefits of improved 
IAQ.

2. We need to be able to demonstrate how well IAQ measures actually 
work in real buildings.

3. We need to get better at communicating information about IAQ.

4. We need to integrate IAQ with other goals (climate, equity, 
housing).



Challenge # 1: It costs too much to improve IAQ

• Example: Cooking is an important source of indoor air pollution

1. Have (and use) a good rangehood fan (and use it well)

2. Switch to electric

These are expensive, not 
attainable for much of the 
population, and are just 
presented as costs.



Alavy and Siegel (2019) Sci Tech Built Environ

Opportunity: Accurately compare costs and 
benefits



Opportunity: Value Benefits Completely

• Economic costs: Medical transport, medical treatment & 
pharmaceutical treatment, housing families, diminished income for 
parents

• Social costs: Disrupted schooling and communities

https://healthydebate.ca/2021/12/topic/inuit-communities-rsv-outbreak/



Montgomery et al (2015) Bldg Environ



Invest in indoor air to improve cognitive 
function.  Use benefits to pay for 

improvements.  Chronic health outcome 
improvement are a “side” benefit.

Opportunity: Value New Benefits



Challenge #2: Real-World Performance is 
variable
• Filters and air cleaners are 

evaluated by standardized tests (eg, 
ASHRAE Standard 52.2, AHAM AC1)

• Actual performance is function of 
the filter, the building, the HVAC 
system, the use, and lots of other 
things
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Recirculation: home volumes 
that pass through filter when 
system operates

Runtime: Fraction of time that 
system operates

Data from: Touchie and Siegel (2018) Indoor Air



Lab Efficiency is Not In-situ Efficiency

MERV 14 filter, 20 Residences

Li and Siegel (2020) Indoor Air
Image: Courtesy Geoffroy Allard



Efficiency: Filter Aging

Refs: Hanley et al. (1994) Indoor Air, Lehtimäki et al. 
(2002) ASHRAE RP-1189 Report



Efficiency: Filter Aging

Lehtimäki & Heinonen  (1994) Bldg Environ
Refs: Hanley et al. (1994) Indoor Air, Lehtimäki et al. 
(2002) ASHRAE RP-1189 Report



Important Point: Filtration Can and Does Work

• Scientific evidence
• 55+ papers that measure a health effect associated with filtration

• Consistent message: Filtration improves health outcomes with some variation
• Benefit is strongest in locations with high ambient fine PM

• Almost all are short-term studies

• Context is often not measured

https://nap.nationalacademies.org/catalog/2734
1/health-risks-of-indoor-exposure-to-fine-
particulate-matter-and-practical-mitigation-
solutions

“The very big picture of this literature is that 
there is clear evidence that air cleaning is 
an effective mitigation measure for fine 
PM. However, there is also considerable 
variation in findings between studies and 
within studies for multiple health 
outcomes.” 



Opportunity: Teach Users How to Use Filters

Install a good filter/air cleaner properly, 
make sure lots of air goes through it, 
change it frequently, and verify 
performance. 



Opportunity: Verify Performance
Air Cleaner Placebo Air Cleaner Placebo

Nahian & Siegel in review



Opportunity: Integrate IAQ Monitoring

• Lest decade – proliferation of low-cost IAQ monitoring devices

• Double-edged sword
• As absolute monitors, they are not very accurate

• As relative monitors (different rooms in the same building, same environment 
over time) they are very instructive

• Opportunity: Invest resources in interpretation (and data 
presentation)



Challenge #3. Absence of good 
information/Abundance of Misinformation
• IAQ is (largely) unregulated

• People don’t want to hear that
1. Their homes and buildings are not sanctuaries

2. Their choices can negatively impact indoor air quality

• No government agency has a complete/coordinated mandate

• We have an incomplete picture of the science



Miscommunication By Air Cleaner Manufacturers

• Very long history of manufacturers making claims about ”alternative” 
air cleaners

• Examples
• Very low flow rates (high efficiencies)

• Very small volume testing chambers

• Bogus metrics

• Lawsuits
• Sharper Image (early 2000s)

• GPS vs. Dr.  Zaatari & Bud Offermann

• GPS vs. Elsevier

https://www.prnewswire.com/



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

• Many types of additive technologies (ions, plasma, ozone, hydroxyl 
radicals, etc.)

• Central paradox for additive technologies
1. Emitting enough into the air to make a difference and there is risk of harm

•  “Our findings suggest that negative ions, possibly along with their reaction products 
with the room air constituents, adversely affect health. ” Liu et al (2021) Indoor Air

2. Not emitting enough into the air to make a difference
• Cleaning power is small



Opportunity: Counter Misinformation

https://maphealth.ca/ventilation/

Office Hours for community 
organizations to ask questions 
about reducing disease 
transmission/IAQ,
Grant-writing consulting

Checklist/plain language 
guidance

Rapid response to wildfire 
smoke

Li et al. In Review

https://maphealth.ca/ventilation/


Opportunity: Provide Good Information

https://www.iaq.gov.hk/en/resources-leaflets-or-booklets/



Opportunity: Improve IAQ in Schools

• https://www.usgbc.org/resources/school-iaq-fact-sheets-entire-
series

• https://www.epa.gov/iaq-schools/reference-guide-indoor-air-quality-
schools

• https://www.lung.org/clean-air/indoor-air/building-type-air-
resources/at-school/iaq-guide

• https://publications.gc.ca/site/eng/9.648748/publication.html
How information is provided is as 

important as the information itself

https://www.lung.org/clean-air/indoor-air/building-type-air-resources/at-school/iaq-guide
https://www.lung.org/clean-air/indoor-air/building-type-air-resources/at-school/iaq-guide
https://www.lung.org/clean-air/indoor-air/building-type-air-resources/at-school/iaq-guide
https://www.lung.org/clean-air/indoor-air/building-type-air-resources/at-school/iaq-guide
https://www.lung.org/clean-air/indoor-air/building-type-air-resources/at-school/iaq-guide
https://www.lung.org/clean-air/indoor-air/building-type-air-resources/at-school/iaq-guide
https://publications.gc.ca/site/eng/9.648748/publication.html


Holm et al. (2024) JESEE

Katz et al. (2024) BMC Pub Hlth



Challenge #4: Perception that IAQ goals 
oppose Energy, Climate, and Equity goals
• Common comments

• IAQ improvement is expensive

• IAQ improvement wastes energy

• IAQ improvement furthers health disparities 
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Aldred et al. (2016) Indoor Air

Opportunity : Completely show cost and Benefit



Opportunity: Include Energy
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Opportunity: Measure/Show Energy

Data From Alavy et al. (2020) Energy Bldg Ref: Zaatari (2014), Rivers and Murphy (1999) ASHRAE RP-675



Li et al. (2024 Bldg Environ



Dymond et al. (2021) Int. J. Environ. Res. Public Health

Opportunity: Target IAQ Approaches 



Summary

● Benefits of investing in IAQ far outweighs costs
● We face implementation challenges
● We need to get better at overcoming barriers

○ Political, economic, contextual, informational

● Many opportunities for positive change
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