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òA Southwestern 

Pennsylvania initiative to 

reduce the impact of exterior 

pollution in indoor spacesówww.ROCIS.org



Most of our 

exposure to 

outdoor 

pollution 

happens 

INSIDE 

buildings.
https://www.iaqscience.lbl.gov

https://www.iaqscience.lbl.gov/


Focus on Particles
Also referred to as Particulate Matter (PM)



Worst 21 Cities for Year-Round 
Particle Pollution

#1:Bakersfield, CA

#2:Fresno-Madera-Hanford, CA

#2:Visalia, CA

#4:San Jose-San Francisco-Oakland, CA

#5:Los Angeles-Long Beach, CA

#6:Medford-Grants Pass, OR

#7:Fairbanks, AK

#8:Phoenix-Mesa, AZ

#9:Chico, CA

#10:El Centro, CA

#11:Sacramento-Roseville, CA

#12:Cincinnati-Wilmington-Maysville, OH-KY-IN

#13:Indianapolis-Carmel-Muncie, IN

#14:Pittsburgh-New Castle-Weirton, PA-OH-WV

#15:Bend-Prineville, OR

#16:Detroit-Warren-Ann Arbor, MI

#16:Redding-Red Bluff, CA

#18:McAllen-Edinburg, TX

#18:Philadelphia-Reading-Camden, PA-NJ-DE-MD

#18:Eugene-Springfield, OR

#21:Yakima, WA

2022 State of the Air Report

https://www.lung.org/research/sota/city-rankings/most-polluted-cities

https://www.lung.org/research/sota/city-rankings/msas/bakersfield-ca.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/fresno-madera-hanford-ca.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/visalia-ca.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/san-jose-san-francisco-oakland-ca.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/los-angeles-long-beach-ca.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/medford-grants-pass-or.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/fairbanks-ak.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/phoenix-mesa-az.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/chico-ca.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/el-centro-ca.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/sacramento-roseville-ca.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/cincinnati-wilmington-maysville-oh-ky-in.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/indianapolis-carmel-muncie-in.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/pittsburgh-new-castle-weirton-pa-oh-wv.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/bend-prineville-or.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/detroit-warren-ann-arbor-mi.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/redding-red-bluff-ca.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/mcallen-edinburg-tx.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/philadelphia-reading-camden-pa-nj-de-md.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/eugene-springfield-or.html#pmann
https://www.lung.org/research/sota/city-rankings/msas/yakima-wa.html#pmann


As Wildfires Rage, PHI Study Links Air Pollution with Increased Risk for COVID Infection & Death

Link: https://www.phi.org/press/new -study -shows -connection -between -air -pollution -and-increased -

risk -for -covid -infection -and-death -in-

california/?utm_source=PHI+Newsletter&utm_campaign=bf82ac0290 -aug-2022-

two&utm_medium=email&utm_term=0_14767b3be6 -bf82ac0290 -
48960901&mc_cid=bf82ac0290&mc_eid=b105ad4e84

More than 4,000 COVID-19 deaths could have been prevented in one year if California met National Ambient 

Air Quality Standards for fine particulate matter (PM2.5), finds a new study released today by PHI's Tracking 

California and the University of California, San Francisco. 

Areas with the greatest concentration of PM2.5 were Californiaôs San Joaquin Valley and South Coast air 

basins/ When compared to those living in neighborhoods with the lowest PM2.5 exposure, researchers found 
that individuals living in neighborhoods with the highest long-term exposure were:

¶ At 20% higher risk of SARS-CoV-2 infections

¶ At 51% higher risk of COVID-19 mortality

¶ More likely to be Hispanic and from low-income communities

https://www.phi.org/press/new-study-shows-connection-between-air-pollution-and-increased-risk-for-covid-infection-and-death-in-california/?utm_source=PHI+Newsletter&utm_campaign=bf82ac0290-aug-2022-two&utm_medium=email&utm_term=0_14767b3be6-bf82ac0290-48960901&mc_cid=bf82ac0290&mc_eid=b105ad4e84


U.S. Environmental Protection Agency (EPA): 

Particulate matter (PM), also known as particle pollution, is a 

complex mixture of extremely small particles & liquid droplets 

that get into the air. Once inhaled, these particles can affect 

the heart & lungs & cause serious health effects.



Particles (PM)

PM 2.5 : Particulate matter 

<2.5 µm in diameter 

ROCIS LCMP Dylos: 

Particles > 0.5 µm 

(1/100 of human hair!) 

Dylos 1700

Our work horse!



Health Concerns - Particles

ü Differ in toxicity

ü Can be adverse synergy with other co -pollutants

ü Ultrafine particles can be vehicles to increase exposure of 

toxic contaminants such as SVOCs & metals

ü Our premise: òPrecautionary principleó ðavoid or minimize 

your exposure



A clear concentration-response 

relationship between particle pollution 

& health effects has been established 

by scientific studies.
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Higher particle concentration is 

associated with increased 

impacts to health.

https://www.epa.gov/pmcourse/particle-pollution-exposure

https://www.epa.gov/pmcourse/particle-pollution-exposure


Outdoor Particles (PM) & 

Human Health

òOur best estimates of 

the US mortality burden 

associated with total 

PM 2.5 exposure in 2012 

range from ~230,000 to 

~300,000 deaths.ó

Azimi, P., & Stephens, B. (2018). Journal of exposure 

science & environmental epidemiology.



Health Concerns - <PM 2.5

Established PM -associated diseases: 
cardiovascular disease, asthma, & lung cancer

Recent associations with PM exposure include:

idiopathic pulmonary fibrosis, type 2 diabetes, Alzheimerõs 

disease, & decreased cognitive function as well as premature 

birth

Loxham, M., & Nieuwenhuijsen, M. J. (2019). Particle and fibre toxicology



ROCIS LCMP
Low Cost Monitoring Project

ü Started in 2015

ü Mostly homes, some workplaces

ü 410 participants 



LCMP Objectives

1. Learn how low -cost monitors empower occupants

2. Examine the impacts of 

outdoor on indoor air

3. Explore Interventions to 

improve indoor air quality

4. Support & develop                                                         

champions!



LCMP Design
Not a Regulatory Focus

ü Measuring particle count, not 

mass; 1 -min. resolution

ü Focus on indoor / outdoor 

comparison 

ü Proof of concept ðexploration 

of interventions 



Making Sense out of Millions of 

Data Points!

On FaceBook Andreas von der Heydt, the VP of Chewy, 

identified the difference between Raw Data and the Stories Data can tell. 



Indoor Particle Distribution  
250 LCMP Residential Sites

More than 30 to 1 Difference!

Fair

Note: Smokers are very under-represented in our cohorts

V 50% of observations within each vertical white column

V Particle count Ó 0.5 Õm

V Dylos Corporation scale on right

Median: ~5% Poor; ~70% Fair; ~25% Good-Very Good
Very Poor

Poor

Fair

Good

Very Good

Excellent



Outdoor Particle Distribution  
All Sites

Particles Ó 0.5 ɛm

Dylos Corporation scale on right

10 to 1 Difference

1/2 Poor; 1/2 Fair 

Poor

Very Poor

Poor

Fair

Good

Very Good

Excellent



LCMP Cohorts

ǒ Participants borrow 

monitoring equipment to 

measure:

ǒ Particles (0.5+ & 2.5+ 

µm)

ǒ Carbon dioxide (CO 2)

ǒ Carbon monoxide (CO)

ǒ Radon 

ǒ Temperature

ǒ Relative humidity

ǒ During the course of the 4 -

week cohort, participants:

ǒ Learn from the ROCIS team

ǒ Benefit from each otherõs 

experiences

ǒ Receive weekly 

individualized feedback in 

response to their data, 

observations, & questions



Know the limitations of our particle monitoring

What we cannot easily monitor could be important!

Good Readings   

Good Indoor Air Quality



4 Strategies
to Reduce Indoor Particles

ÅReduce air exchange from 

outside

Å Close windows

Å Tighten home or building

ÅReduce indoor sources

Å Use an effective ducted kitchen hood! 

Å Use induction cook top & other good 

practices w/ cooking

ÅReduce resuspension

Å HEPA vacuum

Å Thoroughly clean hard surfaces

Å Walk-off mats

Å Get rid of carpets, old upholstered 

furniture  

ÅFilter the air

Å Portable air cleaners

Å DIY Fan Filters

Å Central air handler (furnace, AC,or

ventilation)
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House with 
Wide Open Windows

Dylos Small

Dylos Large

Outdoor

Green (O), Blue (I), Yellow (R)
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1941 House in Winter with 
High Outside Particle Counts

Dylos Small

Dylos Large

Outdoor

Green (O), Blue (I), Yellow (R)
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More Older Homes
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Check out Current Ambient Air
US EPA AirNow

26

Å Current & projected air quality

Å International, national, or regional in 

scope

Å Animation 

Å Reports PM 2.5, PM 10, & ozone

Å Archive

Å Plan to engage Purple Air data base for 

better local resolution (incorporated now 

in wildfire/smoke map)

EOW  August 3, 2022

www.airnow.gov

https://www.airnow.gov/
http://www.airnow.gov/


Check out Current Ambient Air 
PurpleAir Map           

27

Å Global monitor network

Å Real time & historic

Å Reports from individually        

owned monitors

Å Indoor & outdoor data

Å PM, Temperature, RH, VOCs

Å Toggleable key

EOW  August 3, 2022

www.purpleair.com/map

http://www.purpleair.com/map


ROCIS Weebly Outdoor Dylos 
Dygraphs

28

lcmp-test.weebly.com/
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Different particle 

patterns in different 

regions

Shows impact of 

pollution sources, 

wind, temperature, 

regional weather 

patterns

Note: not corrected 

for humidity, so 

some of morning 

spikes are due to 

fog.

http://lcmp-test.weebly.com/
http://lcmp-test.weebly.com/


Comments or Questions?



4 Strategies
to Reduce Indoor Particles

ÅReduce air exchange from 

outside

Å Close windows

Å Tighten home or building

ÅReduce indoor sources

Å Use an effective ducted kitchen hood! 

Å Use induction cook top & other good 

practices w/ cooking

ÅReduce resuspension

Å HEPA vacuum

Å Thoroughly clean hard surfaces

Å Walk-off mats

Å Get rid of carpets, old upholstered 

furniture  

ÅFilter the air

Å Portable air cleaners

Å DIY Fan Filters

Å Central air handler (furnace, AC,or

ventilation)
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Check out ROCIS guidance 

document & webpage

Å ROCIS ISSUE BRIEF, Ducted 

Range Hoods: 

Recommendations for New and 

Existing Homes 

Webinar Recording from 12/2020

Reduce Cooking Emissions

http://rocis.org/kitchen-range-hoods
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Induction Cooktops òTrick the 
Potó into Creating its Own Heat

Hot Pot

Cool Surface

32EOW  August 3, 2022

Benefits!

V Minimize gas combustion products

V Better temperature control

V Very responsive

V Lower surface temperature



More Cooking 
Considerations!

Particle generation during cooking:

ÅVented range hood?

ÅCooking style (steam vs. fry)

ÅUse of lids

ÅHeat:  High & fast vs low & slow?

ÅWhen to add salt & pepper?

ÅVarious oils vs. butter?

33EOW  August 3, 2022



Data, Story, Behavior Change  

"After reflecting on both of these cooking experiences and looking at the data for particle counts, it 

seems that covering the cooking surface may make a bigger difference in keeping particles from 

escaping into the indoor environment than some of the other actions. I recognize the importance of 

these behavior changes more than before and will consciously try to use them moving forward." -

ROCIS participant Sara



Other Indoor -Generated Sources

Hereôs what we have seen: 

ÅHumidifier using tap water (when distilled 

water is recommended)

ÅCleaning products

ÅRecreational combustion  

ÅCigarettes, vapingé

ÅCandles, incense, diffusers

35EOW  August 3, 2022



4 Strategies
to Reduce Indoor Particles

ÅReduce air exchange from 

outside

Å Close windows

Å Tighten home or building

ÅReduce indoor sources

Å Use an effective ducted kitchen hood! 

Å Use induction cook top & other good 

practices w/ cooking

ÅReduce resuspension

Å HEPA vacuum

Å Thoroughly clean hard surfaces

Å Walk-off mats

Å Get rid of carpets, old upholstered 

furniture  

ÅFilter the air

Å Portable air cleaners

Å DIY Fan Filters

Å Central air handler (furnace, AC,or

ventilation)
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Why Indoor Chemistry Matters report

Why Indoor Chemistry Matters is available to download for free 

from the National Academies Press website. The consensus 

study, commissioned by EPA, the Alfred P. Sloan Foundation, 

CDC, and NIEHS, considers the state-of-the science regarding 

chemicals in indoor air and how indoor chemistry findings fit into 

context of what is already known about the link between chemical 

exposure, air quality, and human health.

4 Page Summary Report

https://nap.nationalacademies.org/resource/26228/Indoor_Chemi

stry_Report_Highlights.pdf

Implications for Practitioners: Episode 662 (Part 1)    iaqradio.com

https://lnks.gd/l/eyJhbGciOiJIUzI1NiJ9.eyJidWxsZXRpbl9saW5rX2lkIjoxMDUsInVyaSI6ImJwMjpjbGljayIsImJ1bGxldGluX2lkIjoiMjAyMjA2MzAuNjAxMjY5NDEiLCJ1cmwiOiJodHRwczovL25hcC5uYXRpb25hbGFjYWRlbWllcy5vcmcvY2F0YWxvZy8yNjIyOC93aHktaW5kb29yLWNoZW1pc3RyeS1tYXR0ZXJzP3V0bV9jb250ZW50PSZ1dG1fbWVkaXVtPWVtYWlsJnV0bV9uYW1lPSZ1dG1fc291cmNlPWdvdmRlbGl2ZXJ5JnV0bV90ZXJtPSJ9.pmojORS4B3Sc5owAXtHEr6_hYvdt3747xbdT8kFpcTU/s/543165554/br/134750205293-l
https://r20.rs6.net/tn.jsp?f=0013RU9CWqnT6Qv5YoSGauhcXYnk_6R_coIJwxMz856WjzYHtVwGYAvlBevBKIrtVOiEAOrNS6PMRcOnE_ZQr-OHZgRqXxODPl4P6xfhyN7UrhNdNPSYvZN85B7VrvqW2eN_lDB2f7we4XzFHqyEtt6wAbQ1hEiLLEsXAwDG7OYUixLFHK9OYlda9V-N1Z4fFYLCGM9B-q5CNJ_8XfFiBkwrxFusrEyBd7Lu54o2cHJj_Na4oWgSCdEQ_anetsLTLT-2VdnSjupxmDB6DcMvra3wDp7UNpMuGw7iaTx0FMDyiT9MrXzxbUBQVuQv1JpnBgR&c=XfpH46NTyVtK6g5TvR6WpXC3jHWKzFIzXqyTn2G8d7e7izSIi5q_iA==&ch=nEulobVmj-MJcLEj0rAx7QgmjGveFMXKT4JuyCywLZSkXhQ9cKq8wQ==
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Clean it Up or Donõt Disturb it

Many particle spikes from activity are resuspended ïnot generated    

ÅCarpet 

ÅHard surface floor

ÅCouch - Upholstery

ÅBedding

ÅLaundry

ÅRemodeling (attics, building cavities)

What was the original source?  

Emissions from 50 years ago? 

Residue from remodeling? 

Particles from open windows? 

Tracked in lead dust?



Comments or Questions?



Indoor Particle Distribution:
All Sites

50% of observations are within 

each vertical box 

Particles 0.5+ ɛm(Dylos small)

Dylos Corporation scale on right

More than 30 to 1 

difference!
Median:  

~70% Fair

~25% Good / Very 

Good 

Majority of sites in ñvery good - excellentò range use continuous 

filtration: either portable and/or central air handler

40EOW  August 3, 2022

Note: Smokers are very under-represented in our cohorts. 

Homes with heavy smokers could be 2 to 20 times higher.



4 Strategies
to Reduce Indoor Particles

ÅReduce air exchange from 

outside

Å Close windows

Å Tighten home or building

ÅReduce indoor sources

Å Use an effective ducted kitchen hood! 

Å Use induction cook top & other good 

practices w/ cooking

ÅReduce resuspension

Å HEPA vacuum

Å Thoroughly clean hard surfaces

Å Walk-off mats

Å Get rid of carpets, old upholstered 

furniture  

ÅFilter the air

Å Portable air cleaners

Å DIY Fan Filters

Å Central air handler (furnace, AC,or

ventilation)
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òé the greatest potential comes from using better filtration to 
reduce indoor concentrations of outdoor PM, thus reducing the 
morbidity & mortality associated with outdoor air PM. òThe health 

benefits are predicted to far exceed the costs for those 
interventionséó

William Fisk, LBNL

42

2016, NAS, Health Risks of Indoor Exposure to Particulate Matter: Workshop Summary
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Filtration only 

works when 

it is ON!
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Portable Air Cleaners (PAC) 
also referred to as Air Purifiers

ÅDesigned to treat one room or 

zone

ÅPrimarily reduce particles

ÅSome models offer added 

reduction of pollutants / odors
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Performance: Filter Type

ÅParticle Reduction:  (HEPA), not HEPA-Like

ÅReduction of Gases, Vapors, & Fumes:  Carbon? How much?

ü Avoid Others (Plasma Wave, Ionization, PCO )

ü NOTE:  No standard for reduction of gases, vapors, & 

fumes, or certifying performance

üPromises to ñKillò?  Do not buy/use
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Impact of Portable Air Cleaner
http://rocis.org/rocis -data -explorer (j1t8)        
0.5+ ȋm Particles by Time (15 -min. avg.)

Log scale

V Poor >3000 

Poor 1050-

3000

Fair 300-

1049

Good 150-299

V Good  75-

149

Excellent 

<75 

Outdoor

Brown: outdoors

Orange: untreated 

zone

Blue: treated zone with 

24/7 air cleaner

Tight, single-family 

home

Though order of 

magnitude lower, 

Indoor (Blue/orange) 

tracks Outdoor (brown)
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