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Why we care about small particles (PM2.s)
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Why we care about small particles (PM2.s)

Percentage of total deaths due to PM1.5 and ozone
 <3%
 EARTYENLS
B 420 53%
N 54 t062%
B 63 t07.2%
B 7.3t 98%

Fann et al. 2012 Risk Analysis

About ~¥130,000 premature deaths in 2005 in the US were
due to ozone and small particle exposure (PM: )
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Pollutants of concern - PM3 s tops the list
“DALYS” - Years of productive life lost per 100,000 people
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Pollutants of concern - PM3 s tops the list
“DALYS” - Years of productive life lost per 100,000 people

10°- Of the indoor air pollutants of known concern,
' PMo. s is responsible for the largest
number of lost years of productive life
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It’s Because Small Particles Bypass Your Nasal Defenses and...

Respiratory Deposition, fraction

Particle diameter, uym
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It’s Because Small Particles Bypass Your Nasal Defenses and...
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It’s Because Small Particles Bypass Your Nasal Defenses and...
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It’s Because Small Particles Bypass Your Nasal Defenses and...
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It’s Because Small Particles Bypass Your Nasal Defenses and...
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Longest exposure to OUTDOOR small particles happens INDOORS

Outdoor particles ; Fresh air
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Longest exposure to OUTDOOR small particles happens INDOORS

Outdoor particles / Fresh air
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Best way to reduce indoor PM2.5?...
Build a TIGHT HOUSE so outdoor particles stay out!
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Best way to reduce indoor PM2.5?...
Build a TIGHT HOUSE so outdoor particles stay out!

0.50

Typical Old-School Leaky House
e 20 ACH50

0.40 -

About 38% of outdoor PM, 5
comes INSIDE

0.35 -

030 {1

0.25 -

0.20 -

Infiltration factor

0.18 1 -
0.10 -
0.05 -

0.00

& L @ P @S

¢ & L QK

YN & N
AR

A\

Azimi et al. 2016 Science Technol Bullt Environ

Dealing with dust in the wind
EPA Air Cleaner Guidance - NESEA Boston 2019



Best way to reduce indoor PM2.5?...
Build a TIGHT HOUSE so outdoor particles stay out!
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Best way to reduce indoor PM2.5?...
Build a TIGHT HOUSE so outdoor particles stay out!
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Best way to reduce indoor PM2.5?...
Build a TIGHT HOUSE so outdoor particles stay out!

03l Typical Old-School Leaky House
045 1 20 ACH50
0.40 -
About 38% of outdoor PM; s Fl
comes INSIDE S -- Typical Modern Production Home
O [ ]
. 10 ACH50
- g =55 =X
20% gets inside = ] 1N
B Air-Tight Energy-efficient House
0.10 -
o 3 ACH50
0.00 e e = 2 @
IR\ %'\\ ,@) PN ’38\\ )&]/\ N WO Q?“
S S A S S~ NN N S S S SR >
AR\ ¥ K

Azimi et al. 2016 Science Technol Bullt Environ

Dealing with dust in the wind
EPA Air Cleaner Guidance - NESEA Boston 2019



Best way to reduce indoor PM2.5?...
Build a TIGHT HOUSE so outdoor particles stay out!
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Indoor Sources - Cooking is the big one
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Indoor Sources - Cooking is the big one

Ultra fine Particles

300000
Reheating shrimp
at high heat
250000
Shrimp
scampi
200000 -
E
o
S 150000 -
o
,
3
a é
100000 4
Laserjet
50000 4 prir]nter

OT—_T_-__l

8:00 PM 10:00 PM 12:00 AM 2:00 AM

Wallace and Ott 2011 J Expo Sci Environ Epidem

Dealing with dust in the wind
EPA Air Cleaner Guidance - NESEA Boston 2019



Indoor Sources - Cooking is the big one

Ultra fine Particles
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N Mean emission
rate ( x 10'2)
(particles/min’)

Gas stove and toaster oven  Cooking 23 5.11

Gas clothes dryer Drying clothes 6 4.40

Air popper Popping corn - 4.26
Electric toaster Toasting 1 3.8
Match Lighting candles 3 3.65
Spray cleaner Housecleaning 6 2.60
Electric toaster oven Cooking 54 2.11

Gas stove Cooking 95 1.89
Electric stove Cooking 21 1.25
Cigarette Smoking 13 0.48
Electric mixer Preparing food 5 0.57
Candles Burning candies 10 0.56
Curling irons Grooming 3 0.29
Steam iron Ironing 6 0.24
Hair dryers Grooming 8 0.23
Space heater Heating 3 0.13
Hair straightener Grooming 1 0.11
Laser printer Printing 10 pages 3 0.06
Vacuums Housecleaning 2 0.06
Fireplace Fire Iit 1 0.003

- T e




What to do?
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What to do?

Exhaust at the source
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What to do?

Exhaust at the source Remove by filtration

Furnace Filter
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Alr Cleaner Alternatives
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Alr Cleaner Alternatives

Furnace Filter
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Central system air filters: EPA Recommends MERV 13

Furnace Filter
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Central system air filters: EPA Recommends MERV 13

MERV = Minimum Efficiency Reporting Value

Furnéce Filter
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Central system air filters: EPA Recommends MERV 13
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Central system air filters: EPA Recommends MERV 13

Furnace Filter

No Pleats—No MERV Rating

Probablya MERV 4 or 6

Dealing with dust in the wind
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Central system air filters: EPA Recommends MERV 13

MERV = Minimum Efﬁuency Reportmg Value

MERV 13
Many deep pleats

.//

Furnace Filter

No Pleats—No MERV Rating

Probablya MERV 4 or 6

Dealing with dust in the wind
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Central filtration can reduce indoor PM» s...

BUT... furnaces and AC systems don’t run much!

100

Monte Carlo model simulating removal of 1-3u particles from a home, based on a
range of air leakage rates from outdoors. Upper boundaries model effectiveness of a
O0 + perfectly-installed system and filter in a tight house. Lower boundaries represent
modeled effectiveness in a leaky house.
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Model, analysis and graph courtesy of
Marianne Touchie and Jeff Siegel - U. Toronto
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Central filtration can reduce indoor PM» s...

BUT... furnaces and AC systems don’t run much!

100

Monte Carlo model simulating removal of 1-3u particles from a home, based on a
range of air leakage rates from outdoors. Upper boundaries model effectiveness of a
O0 + perfectly-installed system and filter in a tight house. Lower boundaries represent
modeled effectiveness in a leaky house.
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Portable Air Cleaners: EPA Recommends High CADR
CADR: Clean Air Delivery Rate - The AHAM certification

AIHAM

— e ——— = v

wampe |ndependently Tested.
fnlfln Consumer Trusted.

AIR CLEANER SUGGESTED CLOSED ROOM SIZE

450 SQUARE FEE T

CLEAN AIR DELIVERY RATE TESTED
The higher the CADR numbers, the faster the units clean the air

-’ 298 :57>291 %*x>343

Portable air cleaners are most effective in rooms where all doors
and windows are closed.

Portable Air Cleaner o : | _. 4 05 www.ahamverifide.org
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Portable Air Cleaners: EPA Recommends High CADR
CADR: Clean Air Delivery Rate - The AHAM certification

Portable Air Cleaner

Dealing with dust in the wind
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AlHAM

s Zrmaramp |Ndependently Tested.
f"lfln Consumer Trusted.
AIR CLEANER SUGGESTED CLOSED ROOM SIZE

450 SQUARE FEE T

CLEAN AIR DELIVERY RATE TESTED
The higher the CADR numbers, the faster the units clean the air

=’ 298 :::>291 %*x>343

Portable air clegiiers are most effective in rooms where all doors
and windows arfitlosed.
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Portables can provide useful mitigation of wildfire PMz s
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Portables can provide useful mitigation of wildfire PMz s
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JAN FEB MAR APR MAY JUN JUL

SUNDAY
MONDAY
TUESDAY
WEDNESDAY
THURSDAY
FRIDAY
SATURDAY

- Good (<=12 0 ug/m3) 285 days

D Moderate (12.1-35 4 ug/m3) €7 days

D Unhealthy for Sensitve Groups (35 5-55 4 ug/m3) 3 days
- Unhealthy 55 5-150 4 ug/m3) 9 days

- Very Unhealthy =150 5 ug/m3) 1 days

AUG

SEP

DEC

PM2.5 concentration - Santa Barbara, CA - 2017
Source: EPA
(Google search: “EPA Outdoor Air Quality Data”)
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Portables can provide useful mitigation of wildfire PMz s

: . 12 - 35 pum/m3

JAN FEB MAR APR MAY JUN JUL AUG SEP oCcT NOV DEC
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D Moderate (12.1-35 4 ug/m3) €7 days

D Unhealthy for Sensitve Groups (35 5-55 4 ug/m3) 3 days
- Unheaithy (55 5-150 4 ug/m3) 9 days

- Very Unhealthy =150 S ug/m3) 1 days

PM2.5 concentration - Santa Barbara, CA - 2017
Source: EPA
(Google search: “EPA Outdoor Air Quality Data”)
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Portables can provide improvements for homes with
ductless min-splits and VRF equipment

Generally speaking...

e Minisplit filters protect equipment,
seldom (if ever) rated for PM2.s removal

e Efficient houses may not need much
cooling/heating air flow (less air flow
= less air filtration)
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Indoor airPLUS Version 1 (Rev. 04)
Verification Checklist

Home Address: City: State: Lpe
Climate Zone (16} Radon Zone (1-3):
Must | Buider | Rater
Lade P ot
' Section | Requirements {(Refer to full 2rPLUS Cor Specifications for details) : Verified | Verified | N/A
Note: The Rev. 04 checkdist reflects only the additional Indoor akrPLUS requirements and their
4
[ corresponding section numbers that must be met after completing the ENERGY STAR
% @ | requirements. ENERGY STAR remains a prerequisite for Indoor airPLUS qualification. ) | ‘
§ ENERGY STAR Version 3 [or 3.1, 3.2) Program Roguirements must be folowed and the home shal C o
| bo ENERGY STAR cartified in wﬂ;unam with Indoor akrPLUS gualification,
‘ "1 T Deain or ,,,..9 pumn instalied = basements and cudm(u 4 EPA Radon Zone 1, check ,-7 0 Wd 3 D
11 - valve aiso installed. = |
Exception Appled: [ Slab-on-grade foundation D Free-draining soils
Layer of aggregate or sand (4 in.] with peotextiie matting Instalied below siabs AND radon P o o o)
| 1.2 | techniques used in EPA Radon Zone 1. =
g E.-teotbon Apoied C Slab-on-grade Voumswon C Free-drainieg soils O Ory climate
5 Bamcnw‘cradsnms insulated, sealed and condtioned. ! o | O O o
; 14 | faception Appled: [ 100-year flood 2one ) Marine cimate O Ory dimate
g CI Crnmucc mlcd with capifary bruk and active dehumicifi caton C Raksed pler fcnr-caton with no wals
oy Pro‘emon ‘roﬁ water msh damage nf no gutters. I C L Cl D 9]
‘ Exception Appled: Cl Rainwater harvesting swm E] Dw clmtes
Sopply piging in exterioe wals insulated with pipe wrap. ] C | Q (] D
111 | i :
Exception Appled: [ Ory dimate AND cimate zone 1.3 O Air barrier insufation in wall cavity
1.34 | Hard-surface Nooring in kitchens, Sathy, entry, lundry, and utiity rooms. o Q Q
Radon-resistant features instaled in Radon Zone 1 homes in accordance with Construction C a o o
s 21 Samrbubon 1
thembon Aapled O Perimeter pipe Joop In lleu of full aggregate (dw cimate) D Manufactured hon-e with ralm:  pler !oundwm
2 Corrosion-proof rodert/bird screens installed at all cpenings that cannot be fully sealed.
32 O a o
| ! [Not reguired for cicthes dryer venty.)
7 Eq»mm mbctcd o t«p relathve . ~¢dny < &0% in 'w::-n Humid™ thmun C &) D
41 -
Cxtegtion Aapind D Climate zones 4-8, 38, 3C and portions of SA ad 2B
§ 42 Dot systern protected from comtruction debris AND no bulding cavities used as »r o O O
s supples or returns,
- 4“3_ No air- handling equipment or docmn nstalled in garage. T : C_ D_
; 46 Clmhos dryers vmad to '.ho ouwoors oe MM wa dun acm'dm Lo manu'murw‘s C o
| inwtructions, R —t e
47 Central forced-air HVAC system(s) have minkmem MRV & lme' MO nO 020Ne pEmeratorns o 0 0o o
| in home. Temporary fiker instalied to protect unit from construction dust.
Emissions standards met for fuel-burning and space-heating applances. o 0
idemtify sppliance type:
5.1 | O Mascary heater O Factory-built wood-burning freplace 0 Weoed stove O Pellet stove
€ 0 Natur o gas/propane fireplace
i Aaolqnc-.' modei name/number:
E 5.2 | COalarms imtalied in each sieeping 10 (e.g, cOmmon leovl according to NFPA 720 o Q (®
53 M-.fthmw buidings: Smoking restrictions amommrd AND ETS trarader pathways - 0 o o
minimized. =
A'uuwd garages: DOOf oouv mnalod on al connmmg doors (. o o
p— R - ————
54 | Artached garages: in homes with exhaust-only whole-house ventilation LITHER
0 70 ¢fm exhacst fan istaled in garage OR o Q O
[ Pressure test conducted 1o verify the effectiveness of the garage-to-house akr barrier ‘

Indoor alrPLUS Version 1 (Rev. 04) Construction Spe

ifications (February 2018) 3
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Indoor Air Quality (I1AQ)

Verification Checklist

Indoor airPLUS Version 1 (Rev. 04)

Home Address: City: State: Ty
Climate Zone (16 Radon Zone (1-3):
Must | Bulider | Rater
L P ol
. Section | Requirements {(Refer to full 2rPLUS Cor Specifications for details) : Verified | Verified | N/A
, Note: The Rev. 04 checkdist reflects only the additional Indoor akrPLUS requirements and their
[ corresponding section numbers that must be met after completing the ENERGY STAR
% @ | requirements. ENERGY STAR remains a prerequisite for Indoor airPLUS qualification. | ‘
§ ENERGY STAR Version 3 [or 3.1, 3.2) Program Roguirements must be folowed and the home shal C o
be ENERGY STAR cortified in conjunction with Indoor arPLUS gualification,
’ - — A —
[ Deain or v.ﬂ'p pumn instalied i baserments and cudmcu 0 EPA Radon Zone 1, check - ) o o
11 Lvalve aiso installed. i
Exception Appled: [ Slab-on-grade foundation D Free-draining soils
Layer of aggregate or sand (4 in.] with peotextiie matting Instalied below siabs AND radon P o o o
12 | techniques used in EPA Radon Zone 1. -
|
B Exception hnoied C Slab-on-grade Voundwon C Free-drainieg soils O Ory climate
5 Bamcnw‘cv:dsms =sulated, sealed and condt-oned ! O | o | o O
; 14 | faception Appled: O 100mr ﬂood one O Marine dimate O Ory dimate
g Cl Cnnisoace mkd with capitary break and active dehumiaifi caton C Raksed pler | fomcaton with no m‘s
oy Pro‘«bon ‘m water msh damage nf no gutters. I C L Cl D 9]
Exception Appled: Cl Rainwater harvesting system EJ Dw clr—utu
Supply piping in exterioe wals insulated with pipe wrap, | @ | o (@] D
111 | i :
Exception Appled: [ Ory dimate AND cimate zone 1.3 O Air barrier insufation in wall cavity
134 | Hard-surface Mlooring in kitchans, baths, entey, lundry, and utifty rooms c | o =]
Radon-resistant features instaled in Radon Zone 1 homes in accordance with Construction C a o o
§ 21 So«mubon 21,
thembon Appled: O P«l-ne'e' ' pioe loop In lew of full aggregate (drv cimate) D Manufactured hm-e with ralscc | pler Oounw-m
2 Corrosion-proof rodert/bird screens installed at all cpenings that cannot be fully sealed.
32 O a o
! [Not reguired for cicthes dryer venty.)
o | 4 el
Eq»mm selected to keep relathve humidity < 60% in “Warm-Humis™ climates. o l | 0 (&
41 -
Exception Aapied D Climate zones 4-8, 38, 3C and portions of 3A e 26
g 42 Dt systesrn protected from comtruction debris AND no bulding cavities used as »r o O O
‘s supplies or returns.,
- 43 | Noair handling equipment or doct'non nstalled in garage. I O a
; 46 Clmhos drv«s vmad to .ho ou!doou cr pbum:nd wa dun acm'nm w mmﬂmur«‘s ’ C o
Bl & mt!rumom = e PES
47 Central 'or«.-o-u HVAC system(s) have minkmem MERY & fiker AND no 0zone gemerators o 0 0o o
in home. Temporary fiker instalied to protect unit from construction dust.
Emissions standards met for fuel-burning and space-heating applances. o | o
idemtify sppliance type:
5.1 | O Mascary heater O Factory-built wood-burning freplace 0 Weoed stove O Pellet stove
-
13 0 Natur o gas/propane fireplace
g Aaolunce modei namu'numw
z 52 (0 alarms installed in each thm‘g 100 (e.g., common halway) u:o'c-n; to NFPA 720 (®) Qo (=)
M witfamily buidings: Smoking restrictions «momﬂm ANDETS tnmie' pathways -
53 O Q Q0 o
minimized.
Attached garages: Door cioser instalied on al connecting doors. (& 0 &)
54 | Artached garages: in homes with exhaust-only whole-house ventilation LITHER
0 70 ¢fm exhacst fan istaled in garage OR o Q O
[ Pressure test conducted 1o verify the effectiveness of the garage-to-house akr barrier

Indoor alrPLUS Version 1 (Rev. 04) Construction Spe

1
1
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2
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1. PM 25 1Is the pollutant of best-documented health concern
2. Filter: MERV 13 or higher for central systems

3. Portable air cleaners: High CADR... the higher the better
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