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Pollutant Source Properties:
Changes in outdoor concentrations of a pollutant due to 

changes in the atmosphere or other factors will affect 
indoor pollution
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Ask the audience: What do YOU think the issues are?
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Changes in outdoor concentrations of a pollutant...... 



Pollutant Source Properties:
Changes in outdoor concentrations of a pollutant...... 



Pollutant Source Properties:
Changes in the outdoors will affect the indoors...... 

“The sharp decline in summer Arctic sea ice has continued, is 
unprecedented, and is consistent with human-induced climate change. A 
new record for minimum area of Arctic sea ice was set in 2012.”

https://www.globalchange.gov/



And the air contains both indoor and 
outdoor sources......why the concern?

 50,000-80,000 chemicals have been found in our bodies that 
our grandparents did not have

 In the United Kingdom, the incidence of childhood cancer 
has risen by 20% in a generation

Office of National Statistics, UK

 In Canada, the prevalence of asthma has increased fourfold 
over the past 20 years – 1 in 10 children now diagnosed with 
asthma  

The Government of Canada

 In the US, 1% or 1 in every 110 children (1 in 70 boys) now 
diagnosed with autism or autism spectrum disorder – 600% 
increase in the past 20 years and 57% increase between 2002 
& 2006  

US Centers of Disease Control

Presenter
Presentation Notes
This current generation of children is the first to have a shorter life span than their parents - CDC



Climate change factors that can have critical 
importance on human health and quality of life

Defining the determinants of vulnerability to health impacts associated with climate change, 
including exposure, sensitivity, and adaptive capacity. (Figure source: adapted from Turner et al. 2003)

Presenter
Presentation Notes
If you remember one thing today, think about this!



Climate change factors that can have critical 
importance on human health and quality of life

Presenter
Presentation Notes
Susceptible individuals (the fetus, infants, elders and those with compromised immune systems), are at much greater risk of adverse health effects from chronic low levels of exposure to indoor air pollutants over timeThese are the 



Impacts of Climate change on indoor 
air quality

Changes in climate are likely to alter existing patterns 
of air pollution concentrations:
Winds, vertical mixing and rainfall 

Higher temperatures will lead to:
Increased ozone pollution and fine particle 

formation 
Wildfires (frequency, duration and spread) is 

increased by higher temperatures, drier winters, 
decreased soil moisture and extended periods of 
drought

Presenter
Presentation Notes
Pollutant Source Properties and other Attributes:Outdoor SourcesIndoor Sources



https://www.globalchange.gov/



How air (and exterior pollution) moves 
into and through a building



Exterior and Interior pollutant sources



Climate Change –
an Overview

Climate change, the indoor environment, and health
by The National Academies Press



The external environment and agents 
of concern for the indoor environment:

Temperature
Biological Contaminants
Combustion formed gases
Formaldehyde
Ozone
Particulate Matter (PM)
Volatile Organic Compounds (VOC’s)



Lets look at just one pollutant (that just happens to 
have most of the agents of concern...)

Today, as much as 12% of 
homes (or up to 75% in rural 
or tribal areas) may burn 
wood as primary or 
secondary heating source

And wildfires are occurring 
with greater frequency,

intensity and duration 







Over 90% of woodsmoke 
particles are smaller than 
1 micron  - behaving more 
like a gas than a particle

Presenter
Presentation Notes
Epidemiological studies have associated exposure to particles less than 10 μm (microns) in diameter with increased pulmonary and cardiovascular morbidity and mortality.” 



Particle size is critical:
10 – 100 microns (µ) most either settle 
on the floor or are filtered out by the 
nose and the trachea
PM10 – Particle Matter <10 µ inhaled 
into lungs
PM2.5 - These are the optimal size for 
reaching the alveoli in the lungs
As are their settling rates:
100 µ / 3 seconds
10 µ / 5 minutes
5 µ/ 20 minutes
1 µ/ 81/2 hours
<1 µ/ permanently suspended in the air

Electron micrograph of wood 
smoke particles.        Bar = 1 μm.





Epidemiological studies have 
associated exposure to particles 
less than 10 μm (microns) in 
diameter with increased 
pulmonary and 
cardiovascular morbidity and 
mortality.” 

Franklin et al., 2007; Katsouyanni et al., 2001; Metzger et al., 
2004; Ostro et al., 2006; Pope III et al., 2002; Zanobetti et al.,

2000



“…wood smoke 
particulates were found to 
be more powerful than 
other kinds of air pollution 
in causing potentially 
cancerous changes to 
DNA 

Journal of Chemical Research in   
Toxicology Steffen Loft

The white area shows where cancer-causing 
woodsmoke chemicals altered and damaged 
the DNA in lung cells.

http://www.ncbi.nlm.nih.gov/pubmed/21235221


Key message about woodsmoke

There seems to be a mismatch in the perception 
of smoke risk… across all communities, 
professions, ages, populations…. 

However, there is a Public Health reality… 
exposure to smoke is a challenge that is not 
going away anytime soon...climate (wildfires), 
wood heat (economics)
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Chart 2: Perceived Health Risks Associated with Wood 
smoke (from 55 individuals from Alaska) 



“..Pneumonia and other respiratory 
infections are biologic in nature, but the 
effect of air pollution on the development 
of severe cases requiring hospitalization is 
especially plausible in children, because 
particulates likely hamper the ability of an 
already immature immune system to clear 
bacteria and other pathogens from the 
lung.” - Deitert et al, 2002



Surface area of the lungs is 
80 times greater than the 
surface area of an 
average-sized adult’s skin
You wouldn’t want to swim 
in this, but this is sometimes 
what we are breathing! We 
just can’t see it!



So…what can we do about 
wood/wildfire smoke in our homes?

Let’s talk about 
filtration!



Study from a Seattle home August 2018

 1906 home retrofitted with MERV 11 filter in 
whole house HVAC system

 New filter installed July 2018 in anticipation of 
wildfire event

 Dylos air quality monitor installed and 
readings taken between 8.6.18 – 8.17.18

 HVAC system ran continuously for duration of 
wildfire event

 Two HEPA air cleaners in continuous 
operation in first floor office and second floor 
master bedroom 



Filters

Filter post 8.18. wildfire event Filter 10.8.18 New filter







Proactively preparing for climate change can 
reduce impacts while also facilitating a more 
rapid and efficient response to changes as they 
happen. ………to build adaptive capacity and 
resilience to climate change impacts. Using 
scientific information to prepare for climate 
changes in advance can provide economic 
opportunities, and proactively managing the risks 
can reduce impacts and costs over time.18

https://www.globalchange.gov/



Current trends in housing – comfort 
and energy efficiency

Weatherization programs for reducing air infiltration
 Installing insulation
 Installation of high efficiency heating and air exchange 

systems (ERV’s, HRV’s, heat pumps, radiant heating 
systems)



The Ideal IAQ 
House

(It’s integrated)

IDEAL IAQ 
HOUSE

Tight 
Construction

Low VOC 
materials

Merv 11 
flirtation

Controlled 
dilution air

Distributed  
fresh air

Maintenance
Homeowner 
Operation 
Manual!

Presenter
Presentation Notes
Integrated solutions are needed to enhance health, resilience, energy efficiency, comfort, & durability (engagement, building tightness, source control, O&M)Ideally, improve outdoor air quality!Dan – bring a copy of the HO manual



Evidence-Based Practices to reduce 
exposure to woodsmoke and wildfire 
events
www.thhnw.org/resources

http://www.thhnw.org/resources


CLIMATE CHANGE,  INDOOR AIR QUALITY  AND HEALTH 
Prepared for 

U.S. Environmental Protection Agency Office of Radiation 
and Indoor Air

After a brief concluding section and list of references, 
a chart summarizing key components of trainings for 
professional communities with tasks that impact on 
buildings and health is presented in Appendix A. 

By  Paula Schenck, MPH A. Karim Ahmed, PhD Anne Bracker, MPH CIH Robert DeBernardo
MD MBA MPH 
University of Connecticut Health Center Section of Occupational and Environmental 
Medicine Center for Indoor Environments and Health



Appendix A: Trainings for professional 
communities on buildings and health 

A.1  Target Audience:  Building owners, 
Architects, Design teams, Contractors Link to 
climate change and the Training Topics indoor 
environment Key components of “trainings” 
“Prevention by design” …….How to select 
building materials (insulation, coatings, flooring). 
Emphasize the importance of reviewing the 
health hazards of “environmentally safer 
materials” before use. 



Climate Change and Indoor Air Quality

Aileen Gagney MArch, MFA, GA-C, HHS, DST, CLR

Technical Advisor and Trainer 

Questions?
Thank you!!!

















The Pro and Cons: Reality Check
Type Cost Ability of 

Humans to 
Install Well

Potential 
Negatives

Potential 
Positives

Energy  
Impacts

Exhaust Only Low High House under 
negative pressure. 
No distribution

House acts as 
a MERV 6 
Filter

Low

Supply (Hole 
in return)

Medium Medium Comfort 
complaints
Introduction of 
particulate matter

Can be 
balanced. 
Distribution

High with 
wrong fan 
type

ERV/HRV High Low Difficulty. High 
energy Use if 
Done well

Can be 
filtered
Great 
distribution

Very low if 
done well

The Ideal: 
continuous 
distribution & 
filtration, easy 
to maintain 
with HRV

Needs 
attention

Filtration, 
distribution, 
filtration

Low if done 
well

Presenter
Presentation Notes
Aileen to mention about Alaska experience



Why Do Many 
Ventilation Systems Get 
turned off

• Comfort problems

• Lack of understanding as to the 
purpose

• Energy concerns

• Maintenance



Is it getting used?

Presenter
Presentation Notes
From California Healthy Efficient New Gas Homes Filed study70 homes, 2011-2017 builtMeasured 2016-2018Tracked activities and measured IAQ for 1 week.



Pollutants 
from burners 

and 
cooking



Maintenance: Who 
Does What
Is this a good place for a “Fresh Air Inlet”
Or an exhaust vent?

Presenter
Presentation Notes
For instance, in the upper left image, how will this  work if there’s a bunch of snow? How about cleaning the intakes when they are high up, under porches, or tucked in tight spaces. And then with all of this, whose checking and  cleaning the filters. Does any of this likely impact performance?



1” high MERV filters tend to be very restrictive. 

We want cleaner air, but can our systems 
take the extra restrictions presented by the filter?

Presenter
Presentation Notes
The 1 inch high Merv filters tend to be very restrictive. We want cleaner air, but can our systems take the extra restrictions presented by the filter?



The other 
“V”

Spot Ventilation!

Presenter
Presentation Notes
We want to talk a bit about the spot ventilation, particularly in kitchens and full baths, where either PM or moisture is most likely created.Note, with all ventilation, spot or whole house, its not just the fan to consider. It’s what’s on the other end as well!



Tests for Pressure Drop and Efficiency on Air Filters

Filter Dept
h

300 
fpm

400 
fpm

500 
fpm

Ambient 
Particles

Particles After 
Filter

% Particle 
Drop

Precisionaire Easy Flow 1" .10" .12" .14"

True Blue Fiberglass 1" .10" .11" .13"

Filtrete 300 1" .19" .21" .24" 1567000 1468000 6.32%
Filtrete 600 1" .21" .24" .26" 1168000 943000 19.26%
Filtrete 1000 1" .22" .24" .27" 740000 549000 25.81%
Filtrete 1250 1" .22" .24" .27" 831000 716000 13.84%
Filtrete 1700 1" .25" .27" .31" 767000 493000 35.72%

MERV 7 1" .17" .19" .22" 940000 890000 5.32%
MERV 7 2" .14" .16" .18"
MERV 7 4" .10" .13" .14"
Carbon 2" .14" .16" .18" 992000 948000 4.44%

MERV 11 1" .26" .28" .31" 972000 865000 11.01%
MERV 11 2" .20" .23" .25" 945000 821000 13.12%
MERV 12 2" .23" .24" .26" 701000 452000 35.52%
Polyester 1" .14" .15" .16" 1333000 1303000 2.25%
Polyester 2" .30" .33" .37" 1322000 1303000 1.44%

Ring Panel 2" .27" .30" .34" 1304000 1240000 4.91%
1304000 135400 -3.83%

MERV 13 2" .35" .38" .42" 168000 647000 39.42%
MERV 14 2" .39" .44" .48" 1021000 508000 50.24%
MERV 14 4" .29" .36" .40" 935000 455000 51.34%

Filter Table

Presenter
Presentation Notes
Walk through this chart. Explain that the percent particle drop and the pressure drop are not always closely linked. Explain that as the air speed increases, the pressure drop goes up.Make big returns and big filter slots.



Kitchen range 
hoods



Range hoods better than 
general kitchen exhaust

200 cfm range hood 
or kitchen exhaust 
fan (lab simulations)

• 15,000 btu/h
• 800 ng/J CO



Capture Efficiency
Measuring capture efficiency using CO2



Is it getting used?

Presenter
Presentation Notes
Self reported survey



Resources: Filtration & 
Air Cleaners

NHPC Conference  ROCIS  4-24-18

Available from:
U.S. EPA's web site
http://www.epa.gov/iaq/pubs/residair.html

Residential Air Cleaners

http://www.epa.gov/iaq/pubs/residair.html
http://www.epa.gov/iaq/pubs/residair.html
https://www.epa.gov/indoor-air-quality-iaq/residential-air-cleaners-second-edition-summary-available-information-0


TOPICS
 Building Ventilation
 Indoor Dampness
 Indoor Volatile Organic Compounds 
 Human Performance and Productivity
 Benefits of Improving Indoor Environmental Quality
 Air Cleaning Effects on Health and Perceived Air Quality
 Climate Change, Indoor Environmental Quality, & Health

https://iaqscience.lbl.gov/

NHPC Conference  ROCIS  4-24-18

https://iaqscience.lbl.gov/






MERV Filter Rating – Particle Size
…your mileage will vary at any given MERV rating

NHPC Conference  ROCIS  4-24-18

MERV Particle Size Range Typical controlled contaminant

1–4 > 10 μm
Pollen, dust mites, cockroach debris, sanding 

dust, spray paint dust, textile fibers, carpet 
fibers

5–8 3 – 10 μm
Mold, spores, dust mite debris, cat and dog 
dander, hair spray, fabric protector, dusting 

aids, pudding mix

9–12 1 – 3 μm
Legionella, humidifier dust, lead dust, milled 
flour, vehicle emission particles, nebulizer 

droplets

13–16 0.3 – 1 μm
Bacteria, droplet nuclei (sneeze), cooking oil, 
most smoke and insecticide dust, most face 

powder, most paint pigments

17–20[4] < 0.3 μm Virus, carbon dust, sea salt, smoke

Source: Adapted from EPA, 2009 in Wikipedia, 2018

1
1Mwec 16 biDue to air resistance, filters over MERV 13 not recommended in home HVAC systems

Presenter
Presentation Notes
Indicate the MERV rating varies with the installation – better reduction of fine & ultra-fine at lower face velocityEPA 2009, https://web.archive.org/web/20130201093821/http://www.epa.gov/iaq/pdfs/residential_air_cleaners.pdf“However, for typical room sizes, most portable air cleaners currently on the market do not have high enough CADR values to remove effectively large particles such as dust, pollen, some mold spores, animal dander, and particles containing dust mite and cockroach allergens ……  Many experimental studies used portable air cleaners equipped with HEPA filters, but the available sources indicate that HEPA filters may not be preferable to medium-efficiency filters because of HEPA filters’ lower air delivery due to air bypassing the filter and to higher resistance to airflow. In addition, portable air cleaners are not effective at removing large particles because large particles settle out of indoor air at a substantial rate…. 

https://en.wikipedia.org/wiki/Minimum_efficiency_reporting_value#cite_note-4


Pollutant Source Properties:

Mitigation used to reduce 
energy use in buildings 
could decrease 
ventilation rates that 
could cause higher 
concentrations of indoor 
pollutants......

Indoors...... 

Presenter
Presentation Notes
Is dilution the solution to pollution?Let’s talk about how air moves in and out of homes…Stack effectFlue effect Mechanical effect…Again, bringing in outdoor air may or may not be so good?
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Pre & Post – Air Handler Retrofit
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Week ending 5-24-2017  (windows open)   vs. 7-31-2017, poorer outdoor counts

INTERVENTION:
ECM blower (lower air flow & energy cost on continuous setting)
New return (larger 20” x 25” MERV 13 filter &  pre-filter)
Cost – labor & materials:  $1,000

RESULTS: Lower CO2 in bedroom  24/7 annual operating cost: $131.40

ROAMER

INSIDE        

OUTSIDE

Presenter
Presentation Notes
pre week ending 5/24/17  - post week ending 7/31/2017pre period had open windows.  



This is what we’re seeing…..

• More frequent and larger 
wildfires

• More and a longer pollen 
season, with an increased 
exposure to molds and 
infectious agents  

• Hotter, longer, and more 
frequent heat waves

• Increased exposure to 
ozone and particulate 
matter



Making the Invisible Visible 

NHPC Conference  ROCIS  4-24-18

Dylos 1700 Optical Particle Counter: 
# Particles per 1/100 ft3, 1 min. resolution 

2 size ranges: 
> 0.5+ μm (Dylos “Total”)
> 2.5+ μm (Dylos “Large”)

Cost: $300 - 400; 1 week data storage
3 Dylos / Site 

 Outside, Inside (living area) Roamer (usually bedroom)

NOTE:  Scale at right is from 
manufacturer; not health based

Dylos 1700 http://www.dylosproducts.com/dc1700.html

Presenter
Presentation Notes
Particles can be measured w/ low cost monitors – many contaminants are much more expensive to address

http://www.dylosproducts.com/dc1700.html
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