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How do we improve indoor air quality?

Leviticus 14:33-53 New International Version (NIV)

33 The LORD said to Moses and Aaron, 34 “When you enter the land of

Kee p |t Dry Canaan, which | am giving you as your possession, and | 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

. Source Control 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

Ve nt| | atiO N unclegm and inspect the house. 37 He is to

examil it has greenish or reddish

B~ W N -

Al r Clea N | N depres than the surface pf the wall, 38 the

. g priest house and close it up for seven
days. - | shall return to inspect the house. If
the mc ~ |eisto order that the contaminated
stones U 4 unclean place outside the

~alls of the house scraped and the
to an unclean place outside the
ones to replace these and take new

“If there is a pile of manure in a space, do not try town.
remove the odor by ventilation. Remove the pile q'ﬁ‘e”

manure.” ~ Max von Pettenkofer, 1858 | clay a
4341 > house after the stones have been
torn o lastered, 44 the priest is to go and

1 in the house, it is a persistent

. = It must be torn down—its stones,
timbers and all the plaster—and taken out of the town to an unclean
place.




A OEALTOFUL HOOME.

Household murder—Poisoning and starvation the inevitable result of bad
air in public halls and private homes—Good air as needful as good

L]
Kee p It d ry food—Structure and operations of the lungs and their capillaries and
* air-cells—How people in a confined room will deprive the air of oxygen
and overload it with refuse carboaic acid—Starvation of the living
body deprived of oxygen—The ekin and its twenty-eight miles of per

S C gpiratory tubes—Reciprocal action of plants and animals—IHistorical A5
* O u rC e O nt ro | examples of foul-air poisoning—Outward effects of habitual breathing £

of bad air—Quotations from scientific authorities.~~Pages 43-58.

Ventilation .

SCIENTIFIC DOMESTIC VENTILATION.

. . An open fireplace secures due ventilation—Evils of substituting airtight
. AI r C | e a n I n g stoves and furnace heating—Tendency of warm air to rise and of cool

air to sink— Ventilation of mines—Ignorance of architects—Poor venti-
lation in most houses—Mode of ventilating laboratories—Creation of a

current of warm air in a flue open at top and bottom of the room—Flue
to be built into chimney : method of utilizing it.—Pages 59-65.
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Beecher CE, Stowe H B. 1869. The American Woman’s Home. New Yor : J.B. Ford and Company.

“When ‘the wise women buildeth her “A learned physician also thus wrote to the author of this
house,” the first consideration will be to the | | chapter: "The subject of the ventilation of our dwelling-houses
health of the inmates. The first and most is one of the most important questions of our times. How
indispensable requisite for health is pure many thousands are victims to a slow suicide and murder, the
air, both by day and by night.” chief instrument of which is want of ventilation!”




How do we improve indoor air quality?
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Keep it Dry
Source Control
Ventilation

Air Cleaning

Deep bed liquid/fiber scrubbers (industrial)

Coarse mesh panels
HEPA filters
Corona/ESPs
Arrestance Filters
Pleated/Minipleat filters

ASHRAE Standard 52.2 (MERV)
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1940 1960 1980 2000 2020

Data from Burroughs et al. (2020) ASHRAE Trans
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From a HVAC perspective

* Filters use energy
* Filters are a maintenance item

* Filters negatively impact cooling performance

* Benefits of filtration aren’t clear



Particle Filtration is obvious target for
Investment
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Ozone Filtration — Benefits

B Cost | | Benefit
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COVID 19 Rate Ratio

Filtration & COVID-19
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COMMENTS OF DONALD'R. BAHNFLETH, PRESIDENT
AMERICAN SOCIETY OF HEATING., REFRIGERATING
AND AIR-CONDITIONING ENGINEERS

IAQ 86 OPENING SESSION
-APRIL 20, 1986

Good afternoon, and thank you for joining us for this very
important conference on Managing Indoor Air for Health and
Energy Conservation. During the next four days, we will hear
from experts in indoor air quality. A diverse group of
talented men and women from around the world will present us

with the latest findings in virtually every aspect of the issue.

More than 100 authors will present papers, either orally
during the 12 sessions or in poster sessions on Monday and
Tuesday. They represent government, corporations, universities
and colleges, private laboratories. All of them have worked
for months to gather the data for their presentations and they
have done it for one purpose: because they believe it .
important to provide solutions to indoor air quality problems.

ASHRAE has organized and is co-sponsoring with the
Department of Energy and the Environmental Protection Agency
this conference for the same reason. Because indoor air
quality is an important issue. In fact, ASHRAE believes that
indoor air quality is and will remain the single most important
health issue facing us in the 1980's. Unacceptable indoor air
quality can impair our health, affect our sense of well-being,

and affect our productivity in terms of both lost time and loss,

of productive effort. ™% W Manwal grastch Gl

Years ago, whenever there was a problem regarding the
indoor air, we usually tried what I call “granny's solution."
We just threw open the door or the window and brought in
outside air. Today, we might not always want to bring in
unfiltered uncontrolled outside air. 1In some cities, what's
outside could be worse than what's inside. Large amounts of
outside air also require expending large amounts of energy for
heating and cooling. Concern for the IAQ issue is still
growing. 2

The way we live today., spending more than'90 percent 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, The total number of
serious health effects related to IAQ in non-industrial
buildings have been miniscule compared to the total building
stock. But there have been enough to indicate that a problem
exists. Fortunately, addressing the situation this early gives
us time to move rationally. The issue does not need to be
sensationalized. We do not need knee-jerk reactions.
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Why No Investment in Filtration?

1. Context matters
2. Energy concerns
3. There be pirates



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




Recirculation Rate (h')

B Pacific Northwest, USA (Touchie and Siegel 2018 Indoor Air)
_ Toronto, Canada (Alavy et al. 2020 Energy & Bldg)
:] Austin, USA (Stephens et al. 2011 Bldg Environ)

Recirculation: home volumes

that pass through filter when
system operates

Runtime (%)
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Filtration Efficiency (%)

Efficiency: Classic U-shaped Curve

100 e Table 12-1 Minimum Efficiency Reporting Value (MERV) Parameters
Q) Standard 52.2 Composite Average Particle Size Efficiency, % in Size Range, pm
90 Minimum Efficiency
Reporting Value Range 1 Range 2 Range 3
80 (MERYV) 030 to 1.0 1.0 to 3.0 3.0t0 10.0
1 N/A N/A Ey<20
2 N/A N/A Ey<20
70 :
3 N/A N/A Ey<20
60 4 N/A N/A Ey<20
5 N/A N/A 20<E,
50 6 N/A N/A I5<Ey
7 N/A N/A S0<E;y
40 5
8 N/A 20<E,) T0<E;
30 - Face Velocity 4 VA 55 555,
— 0.65 m/s 10 N/A 50<E, B0<E,
20 - ' 1 20< E, 65 <E, 85 <E,
- 1.30m/s
=0 12 35<E, 80 <E, 0 <E,
10 T 225mis 13 S0<E, 85 <E, W0<E,
O 1 | | e | IO [ 1 | 14 15<E, 90 <E, 95<Ey
0.01 01 1 10 15 85<E, 90 <E; 95<E;
16 95 <E, 95 <E, 95 <E;

Particle Diameter (um)
Ref: Hanley et al. (1994) Indoor Air ASHRAE Standard 52.2-2017



Efficiency (%)

Lab Efficiency is Not In-situ Efficiency
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Efficiency (%)
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Efficiency: Filter Aging
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Fig. 6 The effect of dust load on the fractional filtration efficiency
of a pocket filter of non-woven fiber media at 1.3 m/s

Refs: Hanley et al. (1994) Indoor Air, Lehtimaki et al.
(2002) ASHRAE RP-1189 Report
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Fig. 2. Effect of isopropanol treatment on the removal efficiency
of an “EUT" electret filter, flow velocity 0.33 m/s.
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Fig. 4. Effect of Arizona road dust loading on the removal
efficiency of an “EUT"” electret filter, flow velocity 0.33 m/s.
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MERYV 14E filter efficiency (%

Standard 52.2 Efficiency Change
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Putting it all Together: Filter Effectiveness
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Important Point: Filtration Can and Does Work

e 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

NATIONAL: >
ACADEMIES wedicine.

Health Risks of Indoor Exposure
to Fine Particulate Matter and
Practical Mitigation Solutions

* Almost all are short-term studies
e Context is often not measured

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.”

https://nap.nationalacademies.org/catalog/2734




Energy Use of Filters

* Logical Process: Better filter = higher pressure drop = more fan energy

Problems:

* AP is a strong function of velocity

* nis aweak function of velocity and a
strong function of particle size

—In(1-n)
A= AP

* Velocity varies all the time and varies as filter loads
* Depends entirely on fan and controls
* Very different from velocities used in standard filter tests
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Big Picture on Energy Use of Filters

* The energy consequences of a filter depend on
* Fan

Fan controls

Air velocity

How important filter is to overall pressure drop

Conditioning system and sensitivity to flow

* Pressure drop of filter

* Even in cases where filter causes an increase in fan energy
* Fan energy is usually small (~10%) fraction of conditioning energy

Stephens et al (2010) HVAC&R, Zaatari et al (2014) Bldg Environ, Alavy et
al. (2019) Sci Tech Built Environ, Alavy et al. (2020) Energy Bldg,



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

e Sharper Image (early 2000s)

e GPS vs. Dr. Zaatari & Bud Offerman
e GPS vs. Elsevier

@CBS

NEWS v 2020 ELECTIONS v SHOWS v LIVE v
NEWS

Arizona megachurch hosting Trump event

falsely claims its air purifier kills 99% of
COVID-19

GPS Air® Files a Motion to
Amend Complaint Against
Elsevier, Seeking Damages in
Excess of $1.8 billion

https://www.prnewswire.com/



This is a suitable place to give
Air C\eaning Claims 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.)

e Central paradox for additive technologies

1. Emitting enough into the air to make a difference and there is risk of harm

e “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
e Cleaning power is small



Miscommunication by Public

Pu }c
Health

pandemic
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M) Chack for updates.

Table 1. Selection of evidence and guidance related to the use of portable air filters in reducing

transmission of airborne diseases.

Type

Reference

Studies demonstrating that portable air filters
(PAFs) remove particles that are the same size
as respiratory particles from the air.

Derk et al. 2023; Fennelly et al. 2023; Buising et al.
2022; Dellweg et al. 2022; Lee et al. 2022; Coyle et
al. 2021; Curtius, Granzin, and Schrod 2021; Duill et
al. 2021; Lindsley et al. 2021; Boswell and Fox 2006;
Miller-Leiden et al. 1996; Rutala, Weber, and Jones
1995; Offermann et al. 1985

Studies demonstrating that PAFs help to
reduce transmission of COVID-19 by reducing
concentrations of SARS-CoV-2 RNA copies in
the air.

Morris et al. 2022; Myers et al. 2022; Thuresson et
al. 2022; Ueki et al. 2022; Rodriguez et al. 2021

Studies demonstrating that portable HEPA
filtration has been a standard practice in
hospital infection prevention and control.

Curtis 2008; Eckmanns, Riiden, and Gastmeier 2006;
Hahn et al. 2002; Davis, McCray, and Simone 1997;
Loo et al. 1996; Nicas et al. 1993; Sherertz et al. 1987

Engineering guidance documents
recommending the use of PAFs to reduce
transmission of airborne diseases.

Centers for Disease Control and Prevention 2023;
ASHRAE 2023; OSPE 2022; ASHRAE 2021

Examples of high-quality guidance for PAFs
use and do-it-yourself PAFs.

Li, Katz, and Siegel 2022; CleanAirCrew 2021

Studies and guidance to aid in selecting PAFs
that do not use unproven technologies or
generate harmful by-products.

Siegel 2016; ASHRAE et al. 2015; Waring and Siegel
2011

Li et al. In Review

Systematically omitting indoor air quality: sub-
standard guidance for shelters, group homes and
long-term care in Ontario during the COVID-19

Rapid response to wildfire
smoke

Checklist/plain language

v

guidance

Office Hours for community
organizations to ask questions
about reducing disease

v

transmission/IAQ,
Grant-writing consulting

v

Health Officials

Sharing practical information about indoor & <
air quality with community spaces

Resources

Safer indoor air: Recommendations on wildfire smoke for community
spaces and public health authorities

At
RECOMMENDATIONS
ON WILDFIRE
SMOKE FOR
COMMUNITY
SPACES AND
PUBLIC HEALTH
AUTHORITIES

Staff

Pearl Buhariwala

Read the guide here

Reducing transmission of COVID-19 through improvements to indoor air Funders

quality: a checklist for community spaces

REDUCING
TRANSMISSION

TO INDOOR AIR Amy Katz
QUALITY:

EBCKLIST Amy.Katz@unityhealth.tc

Related Events

Read the guide here

Indoor air office hours

make workplaces safer for everyc

e. For more information and to schedule an appointment, please see our

fiyer here

https://maphealth.ca/ventilation/



https://maphealth.ca/ventilation/

Opportunity # 1: Teach Users How to Use Filters

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




Verifying Performance

* Since context matters

* Need a standardized approach to assess filtration/air cleaning/ventilation
performance in any environment

* |ldeally: fast and cheap
* Low-cost instrumentation

* Need to detect byproducts (still a work in progress)
* Role of placebo is important



Wallberg Room 130, November 11-22 2021, 121 decay periods (after filtering)
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Veritying Performance #2
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Opportunity

* We have systematically
underinvested in HVAC systems

* We have both a pandemic and a

climate crisis

2: A New Acronym HVACAC

Climatisation

e Ventilation
Déshumidification
Humidification

Chauffage
» Dépollution de l'air

6, rue
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Opportunit

a) $800

$700 [

Net Benefits (USD/yr/person)
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Value New Benefits

Invest in filtration to improve cognitive
function. Use benefits to pay for
improvements. Chronic health outcome
improvement are a “side” benefit.

CO, may not be causative agent for cognitive impacts (puetal, 2020, indoor air)
Essential oil diffuser emissions associated with more impulsive decision-making (ou et al, 2022, indoor air)
Air cleaners slightly appear to mitigate negative high-level cognitive impacts inprep
MRI/imaging may offer a mechanistic model
* Wide variety of information from ambient air investigations, unclear whether it translates to indoor air



Value Benefits Completely

Dec 16, 2021 by Anthony Fong

Inuit communities bracing for return of RSV in babies
https://healthydebate.ca/2021/12/topic/inuit-communities-rsv-outbreak/

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

* Social costs: Disrupted schooling and communities



Summary

* Benefits of filtration are understated/unstated
* Costs of filtration are overstated

* Filtration information and knowledge translation is imperfect, but can
be overcome

e Substantial opportunity to realize benefits of filtration
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