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Consumer guide (8 pages)
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WHY WORRY?

Percentage of total deaths due to PM1.5 and ozone
 <3%
[ EARTEAL"
B 42t 53%
B 5.4 t0 6.2%
B 63t072%

B 7.3 w0 98% Fann et al. 2012 Risk Analysis

An estimated ~130,000 deaths in 2005 in the US
were due to outdoor PM, .
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RESPIRATORY SYSTEM DEPOSITION - SIZES AND LOCATIONS
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SOURCES OF INDOOR PM

Outdoor particles

e / Fresh air

..........
...............
...........
.................................
........................................................
-----------------
...............................................................
..................................
....................................................................
.............................................................................
.................................
..........................................................
...........................
............................................
e ettt tetateniten, ot ettt ettt
..................................

.....................................................................
RN . BRERERERE R N N T

o e e e e e e e e e N N N N N N N N NN M M N NN O O O O T o T O e

.......................................................
.............................
..............................

Outdoor
particles . Outdoor
® Outdoor particles entry particles
by Mechanical Ventilation '
O o a
Outdoor particles entry O
by Natural Ventilation O
° Outdoor particles | :
O O entry by Infiltration |:
Indoor particles

Chen and Zhao, 2011 Atmos Environ

Most pollutant exposure occurs indoors (mostly at home)

Residential indoor air exposures account for ~5-14% of the U.S. disease burden
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Pollutants of concern - PM3 s tops the list
(U.S. Data - Years of productive life lost per 100,000 people)

10° - Of the indoor air pollutants of known concern,
' PM. s is responsible for the largest

number of lost years of productive life
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Step 1 - Build houses tight, so particles can’t get in

Infiltration factor
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SOURCES - NORMAL ACTIVITIES
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COOKING IS THE BIG ONE

Ultra fine Particles
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Appliance Event 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
Alr popper Popping corn - 4.26
Electric toaster Toasting l 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 candles 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




What to do?

Exhaust at the source Remove by filtration

"\/

Furnace Filter
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Filtration can be helpful

Intervention studies show improvements in health markers

Technical Summary
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Table 5. Intervention Stedies of Primarily Cardiovascular Heath Outcomes in Homes Not Targeting Subjects With Allergies or Asthma
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Air Cleaner Alternatives - Central systems + Portables

Furnace Filter
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Central system air filters: EPA Recommends MERV 13

\/

Furnace Filter

1-inch depth

MERV 4 MERV 6 MERYV 11 MERV 16
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Central filtration could 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 t+ perfectly-installed system and filter in a tight house. Lower boundaries represent
modeled effectiveness in a leaky house.

I
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Given that typical run-times
are less than 20% of annual
hours, MERV 13 is a more

effective filter choice

O 10 20 30 40 50 60 70 80
Air Handler Fan Runtime (%)
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Model, analysis and graph courtesy of
Marianne Touchie and Jeff Siegel - U. Toronto
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. ‘ 1 Basements/crawispaces insulated, sealed and condtioned. [ O I a (] D
g ‘
3. Pest Barrlers LA AL AL AL AR R R R R R R R R 0 0 0 0 I 14 L':M’onMn‘ed: lemrmlom O“."nf«‘mﬂe OM(“W:C (LA LA AR LA AR LAl R AR R R R R Rl R Al Rl Rl d i R sy ) )
i O Crawispace sealed with capifiary beeak and active dehumicification O Ralsed pler foundation with no walls
4. HVAC Systems LA LA AL R R R R R R R R R R R R R R 0 0)] ‘ ,7 Pro'!l'(bon4%“&«&9’05’1&10"“!#00‘\&1!6 I C I C] D D LA AL LA A LA LA LA L LR Rl R Rl A0l Rl iy ))
\ Exception Appled: [ Rainwater harvesting systemn [ Dry climates
.
5. combustlon POIIutant contrOI-u N 31 4Mpbn‘inmue\'walhmulr.tdwﬁhpipcwup. I C I 0 | 0 | () -----.-----.--llococooococoooco-----.-----.--ll-.ocooococoooccc10
. . . ‘ ' Exception Appled: [ Dry climate AND cimate zone 1.3 [ Air barrier insulation in wall cavity
r 6. Low Emlss'on Mater'als LA AR AR R RN L] ‘ | 1.14 | Hard-wdxtﬂoom-ginlil:Nn\,bj!h\_’ﬂlry, l‘undq.wcuult”m C D D | LA LA AL L L LA AA LA L R R R R R R R R A0l d i iy )l 11
. . L a a in R a 2 2
7. Home commlsslonlng sSssssEERERRERERMY i 2x m’:;::“;:"'ﬂufﬂlmumlﬂ Zoned 8 sccordance with Construction C D D D LA AL AL R AR AR AR R R R R R R R R R R AR R R0 R0 d R ey yy) 12
. .
Abbrevlatlons.--....--....--.................-II L'tem’on”p'ed DM.MND“‘mlnlwdm'awunctdw(‘me> DM."U'WM mhr‘.mW1W"“m LA AL AL R LA AR AR R R R R R R R A A R0 R0 R0 ittt asilyd)) 13
i 32 Corrosion-proof rodent/bird screens installed at all openings that cannot be fully sealed. - - -
References AL LAL L AL LA AR RR R R R R A d d d d dd ]l l || INMP&J'“'&CHMGM'M%\.I | || LA AL AL AL AL ALl R R R R R R Rl AR R Rl il s i iy ) 14
. \ Equipment selected to keep relative humidity < S0% in “Warm-Humid™ dimates. () (=] D
AL AL AL R AR R R R R R R R R R R R 00 | i 'Y . - . ~ V A LA AL AL L LA LR L AL LR R R R R R R R R A Al d il ettt il ddd )
Cllmate zones Ma ‘ “ Exception Appled: [ Climate zones 4-8, 38, 3C and portions of 3A and 28 16
E @2 Dt systess protected from comtnuction debris AND no bullding cavities used as sr - 0 0
supplies or returns.
‘ 5 | 43 No air-handling equipment or ductwork installed in garage. O o
l ¢ . ; 46 Clothes dryers vemted to the cutdoors of plumbed 10 a drain according to manufacturer’s c o
i instructions,
47 Central forced-air MVAC system(s) have minkmem MERV & fiker AND no 0zone generators c 0 O
in home. Temporary fiker instalied to protect unit from construction dust.
| Emissions standards met for fuel-burning and space-heating applances. 0

Idemtify applisnce type:
5.1 | O Mascary heater O Factory-built wood-burning freplace 0 Woed stove O Pellet stove

i 0 Naturdd gas/propane fireplace
i Appllance model name/number:
‘ I 5.2 | COalarms intalled in each sieeping 20 (e.g, common habway) according to NFPA 720, O 0 O
Multfamily bulldings: Smoking restrictions implemented AND ETS trarafer pathways
53 ) O Q Q O
minimized.
Attached garages: Door closer instalied on all connecting doors O Q O
|

Attached garages: In homes with exhaust-only whole-house ventilation CITHER

February 2018 Indoor Air Quahty (1AQ) 4 | D70 ¢fm extacst fan instated in garage OR o (=] o] NiCk Hurst

www.epa .‘W nmnlmu‘ O Pressure test conducted to verify the effectiveness of the garage-to-house s barrier
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Indoor airPLUS - Air cleaning requirement
... Installation matters!

4.5 Mechanical Whole-Dwelling Ventilation

NOTE: Completion of the ENERGY STAR requirements satisfies the Whole-house ventilation (AS HRAE 62.2-20 10)
following Indoor airPLUS requirements:

v' Provide mechanical whole-dwelling ventilation meeting all

requirements of ASHRAE 62.2-2010 or later (HVAC-D 2).
v'  Test airflows to ensure they meet ASHRAE 62.2-2010 or later
minimum requirements (Rater-F 7.1).

Installation matters... MUST really measure airflows!

Install only HVAC filters that are rated MERV 8 or higher MERYV 8 (minimum)
according to ASHRAE 52.2-2007 (at approximately 295 fpm).

Advisory: EPA recommends, but does not require, filters rated
at MERV 13 or higher to reduce exposure to fine particles. MERV 13 (recommended)
Filters perform best when the filter rack design includes the
following features, which are also included in some
manufacturers’ filter media boxes:

» Flexible, air-tight (e.g., closed-cell foam) gasket material
on the surface that contacts the air-leaving (downstream) Air-tight filter rack

side of the filter. (recommended)

* Friction fit or spring clips installed on the upstream side of
the filter to hold it firmly in place.
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Portable Air Cleaners: EPA Recommends High CADR

Intervention Studies Showing
Effective Indoor PM5; s Reduction

Heroux et al 2010
Singer et al, 2016
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CADR: Clean Air Delivery Rate - The AHAM certification

Al1/AM
s Zrmerampr |ndependently Tested.
fnlfln Consumer Trusted.

Size of the room from which 80% of initial concentration
LEAN AIR DELIVERY RATE TESTED : :
?he higher the CADR numbers, the faster the units clean the air 24;000 to 36;000 parUCIeS/CC Of SmOke parhdes (009 to

1.0um) will be removed (per hour), provided that...

a. Ceilings are 8ft or lower

b. Unit operates continuously
and wittlows are closed.

c. Less than one (1) ach air exchange with other rooms

www.¢.  nverifide.org . :
/ . d. No air exchange with outdoors

e. No particle generation in the space

0.09-1.0 um 0.5- 3.0 um 5.0-11.0 um
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"AHAM 2/3 rule”

Select a portable air cleaner that has
a smoke CADR (cfm) = 2/3 of the
floor area (ft?)

» Independently Tested.
Consumer Trusted.

Aiw CLCANER SUGGESTED CLOSED ROOM SIZE

450 SQUARE FEET

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

2525291 %*>343

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

TOBACCO SMOKE

450 ft2 x 0.66 = 297

www.ahamverifide.org

2018 EPA Guide to Air Cleaners in the Home
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Analysis of AHAM air cleaner certification measurements confirm that (almost always)

When smoke CADR is OK... CADR’s for others are even better

500 -
450 - Coe
v=06414x+9.066
R* =0.981
400 - >
p “ . y = 0.646x
" R? =(0.9998
350 - e S Pollen CADR
300 - “ 345 cfm
e
o
g 290 ° Dust CADR
3
200 - 300 cfm
+ Dust
o " pollen Smoke CADR
4+ smoke
100 7 Linear (Dust) 295 Cfm
50 - Linear (pollen)
¥ / Linear (smoke)
0 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700

Room area (ft2)
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Portables can provide useful mitigation of wildfire PM2s
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: . 12 - 35 um/m3

JAN FEB MAR APR MAY JUN JUL AUG SEP oCcT NOV DEC

SUNDAY ]
MONDAY
TUESDAY
WEDNESDAY
THURSDAY
FRIDAY
SATURDAY

- Good (<=12 0 ug/m3) 2685 days
Moderate (12 1-35 4 ug/m3) €7 days
D Unhealthy for Sensitive 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

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

R— /j Generally speaking...

e Minisplit filters protect equipment,
but are not usually rated for PMz.s
removal

e Efficient houses may not need much
cooling/heating air flow (less air
flow = less air filtration)

2018 EPA Guide to Air Cleaners in the Home
EEBA - San Diego 2018
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Bedroom (sleeping) represents many hours of exposure

Portables can provide
economical protection for
vulnerable populations...

...especially for
children who
live next to
sources of PM s
like highways
and farms

Portable Air Cleaner
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Summary

Technically-robust guidance is available for builders and consumers

EPA 402-F-09-002 | July 2018 | EPA Indoor Esvironmaents Division | wew,epa goviag
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RESIDENTIAL AIR CLEANERS

=
A Technical Summary
e

3" Edition

Portable Air Cleaners
Furnace and HVAC Filters

Indoor Air Quality (IAQ)
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Technical summary (74 pages)

Search: "Residential Air Cleaners: A Technical Summary”

Guide to Air Cleaners
in the Home

2™ Edition

Consumer guide (8 pages)

Search: “"Guide to air cleaners in the home: 2nd Edition 2018”
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