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wEPA Motivation

Wildland fires impact:

* Air quality and human health
*  Water quality and quantity

* Ecosystems and habitats

* Climate

Impacts extend both near and far and are
increasing as a result of climate change.

Leaburg Fish Hatchery, OR 2020
Photo credit: Oregon
Department of Fish and Wildlife
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Autumn Complex Fire, 2020 Photo credit: Roy Jones, USFS



o Concern is Growing Over
EPA Wildfires in the U.S.

Fires, thousands Acres burned, millions

120 . 2.
In the past 10 years, an o Fires “
average of 6.8 million acres & N .
burned annually in the U.S.

60 6
Since 1960, 4 of the top 5 o .
years with largest acreage o 5
burned have occurred in the . Acresbuned
last decade. 5 8 8 8 o @ o
In 2020, over 10 million acres -
burned. Source: National Interagency Fire _Center, Congressional Research

In 2020, a single fire burned
more than one million acres
(the August Complex Fire in
California).

Washington and Oregon also
experienced record setting
fires and damages in 2020.

Source: NASA Earth Science Applied Sciences



S EPA Climate Change is Increasing
b the Acreage Burned by Wildfires

Models show increases in acres burned due to climate change.

The 4th National Climate Assessment reports that climate change
approximately doubled the cumulative acreage burned by wildfires in
the Southwestern U.S. from 1985 to 2015.
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o N 2017 National PM, ,
_.:’EPA Emissions Inventory

Total PM,, ; Emissions

(5.7 million tons) PM, ;- Emissions from Fires

Mobile Sources Waste Disposal (2.5 million tons)

Miscellaneous 59% 3%

o, . . . .
0% Commercial Agrlculturalll;leld Burning
Industrial Cooking >
Processes 2%

5%
Prescribed
Fires
32%
Wildfires
67%

Fires
44% : '
e

https://www.epa.gov/air-emissions-inventories/2017-national-emissions-inventory-nei-data



https://www.epa.gov/air-emissions-inventories/2017-national-emissions-inventory-nei-data

- Wildland Fire Impacts
EPA on Human Health

Associated Press analysis showed smoke
affected millions of people downwind from
the 2020 wildfires

Concentrations of PM2.5 and other air
pollutants such as ozone are increased

Known or suspected health effects specific
to smoke from wildland fire includes:

Asthma and COPD exacerbation
Bronchitis and pneumonia
All-cause mortality
Cardiovascular morbidity
Adverse birth outcomes

Fann et al (2018) estimated economic value
of wildfire smoke health effects:

Short term exposures, $11 to $20 billion
per year

Long-term exposures, $76-$130 billion
per year




Wildland Fire Impacts
on Water

<EPA

- About two-thirds of western US
municipalities rely on water from
forested watersheds.

- Healthy forests maintain water
quality by stabilizing the sail,
reducing nutrient and sediment
transfer to streams.

- Wildfires can abruptly and
adversely impact these
watersheds.

Soil disturbance results in
runoff of nutrients, metals,
etc. to water bodies, as well
as ash deposition.

- Impacts may last for years
following a wildland fire.

Courtesy of Jeff Peterson (Retired-Office of Water, EPA)



~ Increasing Emphasis on
sEPA Wildland Fires

¢ Multiple efforts led to the Wildland
Fires integrated science focus in the
2019-2022 A-E StRAP.

®* Internal EPA wildland fires summit in
2016

¢ Wildland Fire Research Framework
published in 2019
Next Generation

Methods ® Regional Applied Research Effort
— e (RARE) wildland fire projects including
" emissions from prescribed fires,

sensors, DIY air cleaners
2019-2022

® Wildfire ASPIRE solutions-driven
research project focused on
evaluating clean air spaces during
wildfire smoke episodes



https://www.epa.gov/air-research/wildland-fire-research-framework-2019-2022
https://www.epa.gov/air-research/wildland-fire-research-framework-2019-2022

Our Science is...

® Improving ability to identify and mitigate the health and environmental
impacts of wildfires by

Improving measurement methodologies and models to assess
emissions from different types of fires, types of fuels and burn
conditions

Assessing performance of lower cost air quality sensors, deployed
to characterize air quality during smoke events

Improving models to determine impacts on air and water quality and
ecosystems

Assessing implications of sustained use of prescribed fires for air
and water quality

Measuring impacts of fires on water quality, including drinking,
surface and ground water



Our Science is.... (continued)

Studying health effects of wildland fire smoke from both short-term
and repeated exposures

Assessing susceptibility and vulnerability of ecosystems and human
populations to wildland fires

Evaluating strategies to mitigate risk to humans and ecosystems
and to reduce exposure to wildland fire smoke

Assessing effectiveness of different risk communication strategies
to promote health-protective behaviors, especially within at-risk
populations
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Charge Question 3

Recent increases in wildland fires activity have highlighted the
challenges associated with protecting public health and
environmental quality during these events.

The A-E program is working to improve understanding of wildland
fire impacts and to develop knowledge and tools to inform
strategies aimed at decreasing negative effects.

What suggestion(s) or recommendation(s) does the
Subcommittee offer on the progress of the research aimed at
identifying and mitigating the health and environmental
impacts of wildfires? [RA2, RA3, RA7, RA8, RA9]

CQ3 is addressed in the panel discussions and Meet the
Scientists session on Day 2

11



Q
wEPA Program Implementation

® ORD scientists from the Center for Environmental Measurement
(CEMM) and Modeling and the Center for Public Health and
Environmental Assessment (CPHEA) are addressing these
scientific challenges.

® Next, Wayne Cascio will provide an overview of the Centers’
scientific approaches to deliver outputs and products related to
wildland fires.




<EPA

Approaches to Address Current
Challenges Posed by Wildfires

Wayne E. Cascio, MD, FACC
Director, CPHEA

Office of Research and Development
Center for Public Health and Environmental Assessment




wEPA EPA Research

ORD provides the scientific foundation for EPA to execute its mandate to protect human health and the environment.

Conduct innovative and anticipatory research to
solve longer-term environmental challenges and
provide the scientific basis for future environmental
protection. This research is applied to the range of
EPA program and regional office needs.

Research to Inform Agency Priorities

Provide research support to EPA program and
regional offices, as well as states, tribes, and local
communities, to help them respond to current
environmental challenges.

Targeted Research to Meet Statutory
Requirements and Specific
Environmental Challenges

Offer unique expertise and translational capacity to
assist EPA programs and regions, local, state, and
tribal governments, and other Federal agencies as
they respond to both emergency and longer-term

environmental issues.

Scientific and Technical Support




EPA Wildland Fire Research Across the A-E Portfolio

Modeling of background
air pollution

Research Areas

Measurements I #1. Approaches to support air quality management programs
for multiple pollutants at multiple scales

Science for Air

Quality Decisions #2: Approaches for characterizing source emissions, air quality,

exposure, and mitigation strategies

Health impacts

#3 Public health and environmental responses to air pollution

#4. Public health and ecosystem exposures and responses to

emerging air pollutants and sources #9: Wildland Fires

Extreme Events and | #5: Methods to evaluate environmental benefits and (Integrated
Emerging Risks consequences of changing energy systems Science Focus)
Climate change impacts #6: Methods to enable resilience to future environmental
stressors Synthesis or
Sensors , #7: Emerai h . . . literature

Nexi ceneranen ; ging approaches to improve air quality and exposure review and
Methods to Improve characterization cross-Research
Public Health and #8: Novel approaches to assess human health and ecosystem Area products
the Environment

impacts and risks

Integration of atmospheric, fire
emissions, and ecosystem models 3




- con Research to Understand Fire Emission Impacts
o7 " on Public Health
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wEPA Wildland Fire Smoke Health Studies

All Cardiovascular Causes

* Epidemiology: evidence of increased 12 | e Misiser
cardiovascular emergency department visits, | el I N S
especially in those 65 and older £ ol  — 1

L ! S
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combustion phases (e.g., flaming vs. smoldering) o [ —————
had appreciable differences in lung toxicity and el
mutagenlc potency Tu:ITu::“r:?CE System mrﬂﬂmﬁ”mg

[ furnace movement l
g Quarte tuube T FEH Alr
: . - \—/ = Rin |
: 1 Biomass fuel Turrl:IEll:E '




<EPA Community Health-Vulnerability Index

A tool for public health officials to identify vulnerable
populations at risk from wildland fire smoke exposure

* Considers factors known to define susceptibility to air pollutant-related health effects

e Can be combined with air quality forecast data generated by models to develop maps of
counties, regions, or other designated areas where at-risk populations live

CHVI for Continental U.S.

| Factors of Vulnerability
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= - 6 .
. — B - . B \ * COPD
' " B Lmp e s * Obesity
. s e ’-5‘ ° i
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- j” gy (17.19] * Income, education, poverty, unemployment
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S N(20,24] Rappold AG, et al Environ Sci Technol 2017




wEPA Smoke Sense Citizen Science Initiative

1. Provides participants with smoke and health information through a

mobile app when and when it is needed Air Quality Index 2ICI2REC)
2. Advances the state of the science on health risk communication related to Current AQI AQI Tomorrow
actions that individuals take to protect their health during a wildfire & '
* Available since summer 2017 on both iOS and Android, in English and “
Spanish, currently more than 44,000 users from across the U.S. participate Pa:"n;e‘ e
* Current Emphasis ozone ()
* Exploring the role of risk perception in adopting recommended £

exposure reducing behaviors by leveraging models of health behavior
including theory of planned behavior, theory of reasoned action, health
belief model, and stages of change models.

 Further developing innovative research methods through continued
collaboration with partners like researchers at Washington State

University to adapt the research design in a range of contexts O @ ™ u

About My Profile Badges Weekly Summar|

Symptom & Smoke
Observations

Air Quality 101




< EPA Respirator/Face Mask Study

* This year EPA will test effectiveness of a range ,!‘ ’ !

of devices, including:

— NIOSH-approved N95 or P100 respirators p
— Surgical masks ' 3 ,J
* Results will expand our understanding of the 3 - “:

health benefits provided by these exposure-
reducing devices during a wildland fire event
and inform risk communication approaches




<EPA

Mobile Ambient Smoke Investigation
Capability (MASIC)

Provide enhanced ambient
monitoring capability to evaluate
smoke impacts and inform air
quality modeling

Evaluate performance of various
instruments and sensors during
wildfire smoke conditions

%i CPA trailer with
=@ enhanced
W measurement
M| capabilities

Measurements of Wildfire Smoke

Measurements: Evaluations and Development

Evaluation of low cost and commercially
available PM samplers '

Ozone measurement methods in smoke |
plumes

Performance of multi-pollutant sensor
pods from the EPA Wildland Fire Air
Sensor Challenge

Sensorpd eva/uatlon .
USFS Missoula Fire
Science Lab

Vehicle add-on mobile monitoring
system (VAMMS)

The Effect of Fuel Characteristics and Fire Dynamics on Emissions,
Dispersion, and Air Quality Impacts (SERDP funded)

Determine how prescribed burning emissions can be reduced by
studying the effects of fuel structure, wind conditions, and
ignition methods on fire dynamics



o EPA Wildfire ASPIRE Study: Advancing Science Partnerships for
7 Indoor Reductions of Smoke Exposures

 Targeted research questions based on discussions e Partners include
with stakeholders: — USFS Fire Sciences Laboratory
— How effective are air filtration systems during — Missoula City-County Health Department
smoke events? — Climate Smart Missoula
— How effective are portable air cleaners in — University of Montana

reducing PM, . concentrations?

— Hoopa Valley Tribe

— What innovative approaches can help reduce
wildfire exposures?
e Study Components:
— Web Summit on Clean Air Spaces (Jun. 2019)

— Field studies in Missoula, MT and Hoopa, CA
(Jul. 2019-present)

— Lab studies on effectiveness of air cleaning
technologies (Oct. 2020-present)

m | Collocation of
| PurpleAir sensors with
S reference monitors at
% the USFS Missoula Fire
T ]
"\ Science Lab

— Prize-based challenge (under development)

https://wcms.epa.gov/air-research/wildfire-study-advance-science-partnerships-indoor-reductions-smoke-exposures



< EPA AirNow Fire and Smoke Map - Sensor Data Pilot

@/?Now @ Fire and Smoke Map

Notice: The Sensor Data Pilot adds a new layer of air quality data from low-cost sensors. Learn more here.

To provide the public with additional air quality

information they can use to protect their health e
during wildfires. T sl ol Ve
[ . .o:- -."‘.“' 'y “’3:* . ';,I:o &
a® Tt %
ROT DR M et :
* EPA developed correction equation for low- T Al g T B D
LS SR, APt

cost PurpleAir Sensors

* Corrected data from PurpleAir Sensors have Low cosr senson

Site 1D: PA_1a5d1be698aciccd_14335

been added as a layer to the AirNow Fire and T e
Smoke Map

Current as of 09/30/2020 &am POT

* |Improves coverage of air quality information o
where there are no regulatory grade monitors s
https://fire.airnow.gov/ T e e e et




Smoke Ready Communities Research

* Goals
* To support communities in their efforts to reduce the public health burden of wildfire smoke events

* Objectives
* Conduct applied research that

1. Aids local communities in their smoke event preparedness efforts

2. Characterizes the relationship between interorganizational collaborative planning processes,
community capacity, and overall resilience to wildland fire smoke events

3. |dentifies actionable strategies that EPA and partner agencies can take to improve tools and
resources in this context

Two Phases

1. Examining local smoke planning processes.

2. Exploring the relationship among collaborative
planning and community capacity/resilience
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Thank You!

Wayne E. Cascio, MD, FACC
Director
Center for Public Health and Environmental Assessment

l Office of Research and Development
Center for Public Health and Environmental Assessment
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Tools and Educatio




wEPA Visit the Smoke-Ready Toolbox for Wildfires

Environmental Topics Lawe & Regulations About EPA _
conmacrus  suare () () () &

Smoke-Ready Toolbox for Wildfires

Smoke from wildfires in the United States is adversely affecting air quality and potentially putting more

. o N : Featured Resources
people at health rik from smoke exposure. EPA, the U.S. Forest Service (USFS) and other federal, state
and community sgencies and organizations are working together to identify ways the publiccan
prepare to reduce their health risk before 3 wildfire. Public health officials and others can use

EPA supported and
perticipeted in the Nationel

the resources in the Smoke-Ready Toolbox to help educate people about the risks of smoke exposure T —

and actions they can take to protect their health. Enpocsing and Midiiine
Workshop on the
. Implications of the California
Smoke & Your Health  Current Fires s
4 %y 75 s proceedin

EXIT

shop

N u publication.

NACCHO Blog: Using the
Wildfire Guide [EXIT

°

AirNow ® Current Fires Video - Wildfire Smoke: A
Guide for Public Heslth

Officials FEXIF

Current Fire Incident Information System

Smoke Advisories

NOAA Smoke Forecast Tool

Fires and Your Health

* Erequent Questions ® AR Firm Wais
® Smoke Sense App ® GEOMAC Wildland Fire Support

Prepare for Natural Disasters and Recovery MODIS Active Fire Mapping

°
o

National Interagency Coordination Center

Wildfires and Indoor Air Quality

Nationsl Interagency Fire Center

QR code takes you to
the Toolbox webpage.

For Health
Professionals Mo i

espanol now available:

® Coje de herramientas
2, r,- “Smoke Ready” (Listo
AR pors el humo) para

o incendios forestsles

@ All Resources ® 2019 Revised: Wildfire Smoke Guide for Public ¢ Blog: Using the Smoke



V. COMMUNICATING AIR
QUALITY CONDITIONS
DURING SMOKE EVENTS

Wildfire Smoke Guide for Public Health Officials

Revised 2019

Inter-agency collaboration
moke vs. urban particles
ddition of ozone
dded sections

- PM web course

- Ash clean-up
- Sensors

tand-alone fact sheets

SEPA:

WILDFIRE SMOKE FACTSHEET

{ K

Children and Families

Background

Recommendations

Wildfires expose children and women of
reproductive age to a number of
environmental hazards, e.q., firz, smoke,
psychological sress, and ine byproducts of
combustion of waod, plastics, and ofher

Prepare Before Wildfire Season

+ Stock up 50 you don't have ta go out when
it's smaky. Have several days of
medications on hand. Buy groceries that do
not need o be refrigerated or cooked,

chemicals released from burnings structures

and furnishings.
During the acute ph;
the major hazards are|
Children, Pregnant
with pre-existing lung
diseases (e.g. asthm:
populations are esper|
hazards due to WIfir

Environmental

* Wildfire Smoke: Cons|
organie particles, liquil
sUch as carbon mono
dioxide (CO2) and oft
compounds (VOCs),
and acrolein. The acf
smoke depends on th

Health Effects {
* Symptoms from smok|
include chest tightr
breath, wheezing,
fract and eye irita
pain, dizziness, or
other symptoms.
* Underlying conditions
asthma symptoms |
* The risk of developing
term exposures to
small.

Children - Older adults
Older adults _

- Pets/livestock  _
- Preseason preparedness
- Exposure reduction

- Know when to evacuate

https://airnow.gov/index.cfm?action=topics.smoke wildfires guide factsheets

Respirator use
Ash clean-up

WILDFIRE SMOKE FACTSHEET: | Rs=
Indoor Air Filtration oL

Exposure to Particle
Pollutants

Indoor sources of partieulate matter (PM) come
from combustion events such as smoking, candle
burning, coaking and wood-buming. During a
wildfire event, outdoor PM can increase indoor PM
levels well above the levels nommally found.  As
outlined in the Guide, reducing indoor sources of
pollition is a major step to lower the
concentrations of PM indoors. Furtner reductions
in indoor PM can be achieved using one of the

fiverglass fier thatis 1" thick. Simply replacing this
fiter with a medium efficiency filter (MERY 5-3) can
significantly improve the air qualty in your home.
Higher efficiency fiters (MERV' 8-12) wil perform
even better, and a true high efficiency filter (MERV
16)in the central system can reduce PM by as much
as a 95%. However, these filters can also provide
more resistance to air flow, which may increase the
energy used by the blower motor for the system
You may wish to consult with a local HVAC
technician or the manufacturer of your central air
‘system to confirm that the system can handle a high
efficiency filter. I you are not able to upgrade fo a
more efficient filter, simply running the sysem

fitration options discussed below.

y_switching the thermostat from

Filtration Optiof
There are two effective
filtration in the home: up
filter, or using high efficit
appliances. Before disc
is important to underst
efficiency.

Fitter Efficiency

The most common ind
efficiency is known as
Reporting Value, or MER
for residential fiters rang|
the MERV rating the g
particles captured as ihf
fiter media. Higher MER!
are especially effective
particles that can most af

Central Air System
The fiter used in thel
system of the home ean
PM. A home typically will

WILDFIRE SMOKE FACTSHEET

Prepare for Fire Season m§§

Ifyoulivein an area that s regularly affected by smoke or wherethe wildfire riskis high, take stepsto
repare for fire season. Know how to get ready befora 2 wildfire know how to protect yoursef from

smoke exposureduring  wildfire.

Being prepared for fre season is espedally important for the haith of children, olde adults, 2nd people

with heart erlung disease

Prepare Before aWildfire
+ Stockupsoyou don't haveto go out when
t's sm oky. Have several days of medications
on hand. Buy groceries that do nct need to
be reftigarated or cooked, bacause cooking
canadd toindoor partidelevels

Createa ‘chan room?inyour home.
h with a5 few windows and

doorsaspossible, suchasa bedroom. Use
2 portable it deaner and aveid indoor
sources of pollution.

Buy 2 portablaalr claanar before there i
2 smoke event. High-efficien oy particulate
air (HEPA) filter air deaners and eledrostatic
predpitatorsthat de not produce szone can
help reduce indoar partide lavels.

Undarstand how you will receive lerts and
health wamings, induging air quality reports
and public service announcements from
local offiils,

Ifyou havehaartor lung disease, ched
with your doctor about what you should do
duting smoke avents

Ifyou havaasthma or anothar lung
disease, update your respiratory
management plan.

Havaa supplyof K95 masks and lesm how
touse them. They aresold atmany home
improvement storesand online

Organizayour importantitems anead of
timeand know whera to go in case you have
toevaite



https://airnow.gov/index.cfm?action=topics.smoke_wildfires_guide_factsheets
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Course Home

About this course

What is Particle Pollution?

Particle Pollution Exposure

Cardiovascular Effects

Respiratory Effects

Patient Exposure and the
Air Quality Index

Patient Exposure and
High Particle Pollution
Events

Clinical Scenarios

Frequent Questions

Course Outline/Key Points

Review Questions

Patient Education Tools

Course Evaluation

References

Glossary

Patient Exposure and High
Particle Pollution Events

On this page:

« Introduction

+ What steps can | advise for my patients who live in areas where wildfires are likely to occur?

« How can my patients use respirators to protect themselves from wildfire smoke?

Introduction

Ozone and the other common pollutants rarely reach very high levels in the U.S. But almost every

High Particle Pollution Events

Wildfire Smoke

year, in many parts of the country, particle pollution levels reach the ve
ranges of the AQl. These events are usually associated with fires or dust
wildfires, but on a smaller spatial and temporal scale high particle pollu
other types of fires or combustion. Examples of these high particle even
wood burning in valleys during winter-time inversions, or transport of u
for reducing exposure to particle pollution, discussed below, are similar
particles are wildfires, other fires, transport of particles, or dust storms -
needed with some fires depending on hazards of the chemicals that bur

Portions of the text in the following sections is adapted from the docum
for Public Health Officials (May 2016),” which is designed to help local p
for smoke events, to take measures to protect the public when smoke is
with the public about wildfire smoke and health. The 2016 Wildfire Guid

assistance and expertise of a number of federal and state agencies, incll

Control and Prevention, National Institute of Occupational Safety and H

Consistent with Wildfire Smoke:
Guide for Public Health Officials

18
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Current Smoke Map generated by NOAA Hazard (AirNow

Fires: Current Conditions

Mapping System

Current Advisories — State/Local/Tribal agency blogs
Wildland Fire Air Quality Response Program

Fires: Current Conditions Page

Current Advisories Fires and Health

More Fire Tools

Before, During, and UNITER
After a Wildfire A STATES

A

TN
AirNow ol g

« Prepare for Fire Season ) e °
(2 pp., 260K8, about PDF) - Learn how to protect your health from wildfire smoke. = e MA"‘- ™,
« Wildfire Smoke, A Guide for Public Health Officials, 2016 Fires and Your Health @] Centers for Disease Control and Prevention
(76 pp., 2.3M8, about PDF) - This document is designed to help local public health officials prepare for smoke ever CDC 24/7: Savirg Lives. Protecting Peopia™
the public when smoke is present, and communicate with the public about wildfire smoke and health. It was upd £
jstance and expertise from a number of federal and state agencies. w.bnmnupdnmfmhlmmmmlm‘ and ‘materials bum. The biggest health threq
2 g 3 from smakei rom fine parices. These microscopic prties can get o you eyes e respiatoy sysem, where lhcy can cause health problemd
_ such as buing eyes, runny nose, ar
« The right respirator and proper fit can reduce your exposure to wildfire smoke. linked to premature deaths in people with these mmmms -t
= = S 1f you are healthy, you're usually not at a major risk from short-term exposures to smoke. Stil, its a good idea to avoid breathing smoke if you can hd
BEPA Do sdrometeon o [IVMNISRISIREI it Evoryone shouid take the stops below when wildfires are present.
areas with witdfce sma
Questions? Visit our Erequently Asked Questions page for answers to some common questions about health and smoke from wiliand fires. m
L —— i
echiams o s otdr e ki) Use common sense. If it looks smoky e Ry e + Wildfires
bl i g L [ [»]+] Language: | Engishus)
lawn or go for a run. s probably n " Extreme Heat + nglis L2
a.good time for your children to play 6 Mgr Q’m‘ uide o
QUsdoors, (7659, 1.5MB, sbout POF) | | Fleods % Youcan
Pay attention to local air quality reports. « How Smoke from Fires Can} \ i .,
Sty et to smoke-aated ws coverag A_—ﬂ—ﬂ‘—&:w ;m ELioglh -Loam o * how to stay healthy when you returm home. ’
or health wamir proteq .
08 o Fed Landslides & Mudslides
Viit Alciow to id ou the Alr Qualy ndax . EID&D_EEIM&MMM e .
in your area. o Lightn
’ amount o pariclesin o i ?:naes and BT . " .
See Infographic enlarged JPG 127.36 K8 See Infographic enlarged PDF (1 5. 2 ket o i el L poluton, and what healtn | Tomases + Wi Are You Prepared?
See Infographic enlarged PNG 26.17 KB Y can taks 12 profect your hoalth when S Slacs can be cauead by | ESERER 4 lsvourbome Firewise &
pollution gets bad. 3 + MakeaPlan
If you are advised to stay indoors, take Educational Resources L
steps to keep indoor air as clean as possible. Wikdfres o
When smoke levels are high, try to avoid + CDC Wildfire Fact Sheet -
using anything that bums, such as wood Information on emergency | - parore s wikdfre
F . Y H I t fireplaces, gas logs, gas stoves - and even preparedness and response]
d h candles! Don't vacuum, That stirs up + Calfois Air Resources
ires an our ea Firos and smoke arss Aeska and o Canada  parilos loady nsidayour hom, A dort Dt - [ ——
‘Archive Image courtes smoke. That puts even more pollution in your R
'NASA Modis o lungs, and in the lungs of people around you. Protocol - Tools and Materg  ftera Fire + .+ WoundCare
+ Readygoy Wildfres &
It ynu have asthma o other hmg msansa ‘rmake sure you follow your doctor's directions about taking FOR KIDS- Follow S Wildfires PSas.
. ‘Smokey, . in
following an, Cal your docor i your symptoms Foar's advica W wa] L Protecting Pets
Vo are in your areal Related * Animals in Evacuation Centers
Winter Weather +
. Disaster Resources +
DC: Before, During and , e
CDC: : g R
— « Pregnant Women
o . Are YouP & * What to Do After a Home Fire & « Responders
A W I d - Preventing Injury
er a wiiajire st " tirs
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AirNow Fires: Current Conditions Page

\e,EPA Finding the Wildfire Smoke: Guide for Public Health Officials

Local Air Quality Conditions

R — F Fires: Current Conditions

, : ‘ ; - * Includes the -
Gt AGL (- AQLLoons |[—MoreMags ‘ Fires: Current Conditions ‘

- T - Wildfire Guide
ay's-AQI Forec = ‘ - Factsheets

£

M ] Ma 14' 16 embassies and consulates around the world

& - Infographics

Announcements

i 2 e o S L e - Wildland FirciigteBetl
Resource Program

programa de banderines sobre la calidad del aire

03/03/16: Now available! Heart Disease, Stroke, and

e bt ol Bt o - NOAA Smoke Forecast Tool
3 more announcements _ NOAA’S Fire Weather
- Air Quality Basics ’ Outlooks

Air Quality Index | Ozone | Particle Pollution | Smoke

from fres | What You Can Do -  MODIS Active Fire
Mapping

Puerto Rico » Health

Monterr -
>
Mexico - Generated: 2016-03-14 08:19:41Z Learnlng Center
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. Actlon Day
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The right respirator® and proper fit can
reduce your exposure to wildfire smoke.

N-95 Respirator Use During Wildfire Events

Infographic Available for Download on AirNow

% EPA Reduce health risks in

areas with wildfire smoke:

Cloth (wet or dry), paper masks, and tissues will NOT
filter out wildfire smoke. Look for respirators (masks)
marked NIOSH with N95 or P100. They can be found
online, or in hardware, home repair, or drugstores.

* Respirators are not designed to fit children.
Facial hair prevents proper fit and reduces
effectiveness.

1 slap abave and 1 Snap bakaw e,

D sl efes: Firch bar b shapa of rose

N

Filz Gver noss
and under chin
-—

HIDEH whi MOS or F100

Respiralor should collapse as you brealhe in and nol [el & in rom The sides.

Ask your doctar befone
using If have heart
or lung health issuas.

Throw miask away if
e dirty ar you find it
difficull bt breathe.

I wou are dizzy of NAUSEOUE, g0
b whiere thene @ lesa amoke
and seek medical atention.

Use a respirator only after first trying other, more
effective methods to avoid smoke. That includes
staying indoors and reducing activity. When possible,
people at risk should move away from the smoke area.

airnow.gov

Follow these tips, especially if someone in your family
(including you!) has heart or breathing problems, is an
older adult or child, or is pregnant.
DO
» Stay inside
» Pay attention to local advisaries and
check air quality {aimow.gov)
* Setcar A/C onrecirculate ———— &
ito keep smoke out)
* Keep a supply of medicineg and
non-perishable food
» Use awell-fitted NS5 or P100 ——
respirator if you go outside when it
is smaky
* Prepare to evacuate if smoke levels
get too high

KEEP AIR CLEAN

Close windows and doaors. LIse a portable air cleaner
Close fresh intake on A/C units. | with HEPA filters property
If your home is too warm, try o | sized for a specific room.

stay with friends or relatives,

DON'T
X Play or exercise outdoors
X Fry or broil foods, which can add particles to indoor air
X Use a fireplace, gas logs or gas stove
X Smoke indoors

X Wacuum, it can stir up dust

airnow.gov

Challenges:

Inconsistent public health
messaging across cities and
states

Of value only if used correctly
Not designed or recommended
for children

Increases work of breathing
that might increase risk among
those with cardiopulmonary
impairment

Research Opportunity:

ORD plans to investigate these
issues
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EPA’s Healthy Heart Program

£
\"IEPA Increasing Environmental Health Literacy

Healthy

Heart

A healthier environment for bealthier hoarts

EPA’s Healthy Heart program aims to prevent
heart attacks and strokes by:

* Raising public awareness about the role outdoor air
pollution plays in cardiovascular health, and

* Steps individuals can take to reduce their pollution
exposure http://www.epa.gov/healthyheart/
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illion

Hearts’

Tools & Protocols ~

Undiagnosed Hypertension
Self-Measured Blood Pressure
Medication Adherence
Treatment Protocols

Action Guides

Tools

Data & Reports ~

Provides Educational Too

Search the site

Partners & Progress ~

Sl J e A vl AL

ant to quit.

at patients

Physical Actis

Tobacco’

your patients.

Tools & Protocols

Find treatment protocols, action
guides, and other tools to help
educate, motivate, and monitor

https://millionhearts.hhs.gov

Connect with us:

Learn & Prevent~

Data & Reports

Access the latest data and
published research on heart
disease and stroke.

loarn mara >

Million Hearts®

s on Particle Pollution

illion
Hearts’

millionhearts hhs gov

Tools You Can Use

® Now Million Hearts® wobsite on physical activity promotes community programs
and resources. Physical activity is one of the most effective ways to prevent and
manage heart disease, but just half of U.S. adults get enough. Take advantage of
resources and information about community-based programs to boost physical actvity
in your community.

Vermont Department of Health releases Hypertension Management Toolkit.
The toolkit uses Lean quality improvement tools and methods to support evidence-
based strategies that improve blood pressure control. A new statewide peer learning
collaborative will share best practices to keep the toolkit updated

Million Hearts® Tobacco Cessation Protocol now available on the go. Find the
€DC Protocol for Identifying and Treating Patients Who Use Tobacco on Epocrates,
afree website and app for clinicians. (Registration may be required.)

A visual air quallity alert makes air awareness easy. The EPA's Ar Quality Flag
Program provides instructions on using physical and digital flags at your business or
online to alert people to dally air quality.

W New EPA toolkit details the link between heart problems and air pollution. Use
the Healthy Heart Toolkit to take steps to protect yourself and your community, sign up
for air alerts, and downioad public education materials,

Million Hearts® in the Community

W The District of Columbia Department of Health's Million Hearts® program
builds a framework for success. Learn how D.C.s Millon Hearts* program's strong
partnerships, data monitoring, and targeted interventions have reduced CV disease
morbidity and mortality in the nation's capital.

Find your niche when partnering with Million Hearts®. Hospitals. employers, and
clinical care teams in communities across the nation have tailored unique approaches
10 keeping people healthy, optimizing care, and helping priority populations. Learn how
they did it—and then craft your own plan.

Million Hearts® continues engagement to find patients with hypertension

“hiding in plain sight.” How many people in your practice have undiagnosed high
olood pressure? Leam how to establisn eriteria for finding people with hypertension,
Implement evidence-based strategies to treat them, and improve their CV outcomes.

Pilot program with National Association of Community Health Centers (NACHC)
shows progress in fighting hypertension. In honor of National Health Center Week
(Aug. 13-19), take the time to leam how Milion Hearts* partner NACHC is making
strides in blood pressure control.

The Science of Million Hearts®

® Phy in health are more likely
to achieve 70% blood pressure control. {Journal of the American Medical
Informatics Association)

Lowering prices of fruits and vegetables could reduce the number of deaths
from CV disease. (PLOS Maedicine)

B A cost-benefit analysis shows how indoor air filtration may reduce mortality
due to particulate matter. (International Journal of Indoor Environment and Health)

You are receiving this newslelter because you are & Millon Hearts” supporter

Air quality as a risk factor
for heart attack? It may sound
strange, but worsening air quality
puts people at risk for heart attacks
and other cardiovascular (CV)
canditions, especially among people
who are already vulnerable. More
than 1.5 millon people i the United
States suffer from heart attacks and
strokes each year, Millions more
have high blood pressure or heart
rhytnm disorders, putting this priority
population especially at risk from
particle poliution's effects.

Million Hearts® is dedicated to driving
implementation of evidence-based
public health and clinical strategies
that help prevent CV events. With
that in mind, we recently launched
a webpage to spread awareness
about particle pollution and CV
heaith, with resources to help track
local air quallty. Use the resources

in this newsletter to lear about the
connection between heart health and
partice poliution to help keep people
healthy this summer and beyond.

—Janet Wright, MD, FACC
Executive Director, Million Hearts®

Do This!

Share the EPA Air Quality
Index with networks and
people at risk.

Particie pollution puts people with
CV conditions at higher risk for heart
problems or stroke. Post this tool on
your websites and social media so
people can check air quality before
they go outside for physical activity.
Those at risk should avoid going
outside on days ranked “orange” or
worse and instead choose indoor
versions of their favorite activities.

Quick Fact

One in three American adults has
heart or blood vessel disease and
is at higher risk from air poliution,
which can trigger heart attacks

LI




SEPA Healthy Heart Toolkit and Research

www.epa.gov/air-research/healthy-heart-toolkit-and-research

\e’EPA EEQE;?"TZ% Protection
Environmental Topics ~ Laws & Regulations  About EPA Q
L — ownrus s (1) () (5)  When are air pollution levels high?

Healthy Heart Toolkit and Research: StepsYou |« Are you at risk?
Can Take

Steps You Can Take to Reduce Health Effects T
from Air Pollution

* Steps to Protect Your Heart

* Check Pollution Forecasts

How to Reduce your Risk?

Studies show that air pollution can trigger heart attacks, strokes and worsen heart failure in peoplewho | # Get Free Email Alerts
are at risk for these conditions. If you have a heart condition, you could benefit by reducing your 20

exposure to high levels of air pollution. ° Wa rn i n g Si g ns Of a H edar t Atta C k

Resources

¢ Be Smart, Protect Your
Heartvideom

¢ Heart Disease, Stroke and
Outdoor Air Pollution

o Million Hearts Initiative:

When are air pollution levels high?

o Anytime of year o o
o Wh);;weatgeriscalm ¢ Warn’ng S’gns Of a StrOke
o Near busy roads
o Inurbanareas

o Inindustrial areas
L__a Whonthoraiccmnbe

https://www.epa.gov/air-research/healthy-heart-toolkit-and-research-steps-you-can-take .
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Animals Can be Affected

Protecting Pets, Farm Animals and Livestock

WILDFIRE SMOKE FACTSHEET

Protect Your Pets from Wildfire Smoke 5 E

our gats can b atfectod by widfre smoka, Hyou fesl the afeos of smoke, thay prosabily da, weol
smake can Irtate your pet's eyes and ressiratony tract. Animals with heart o lung disease and older pets are
mpeciply ot risk from smoke srd should be dosely watched dunng all perinds of poor ar quality,

Know the Sgns
Wignur anerals hwae any of these signs, oall your
webernaran:

= Coughing er g2gEing

= Redor wwtery eyes, nasal discharge,
inflzmmation o threak ar mouth er
reluctance to st hard foods

#  Trouble breathing, Including cpen-mouth
Breathing, maore naka when breathing, o
fast breathing

«  Fabpue or weaknas, slsorentation, unaven
Ralit, stumbling

»  Arducid appet ith o 1hicse

Recommended Actions
Evzn I the fire canger 5 mot Ineninert, Righ levels
af sk mary Tarce you 1o stay indoos Tor a leng
time or @sen o evatuate. Reduse woor par's
g En srmcke ad g would reduce o ran,
BafTors the fire seasan:
*  Whether you hawe a cantral @1 coniConing
sysberT of A nem uni, By high afliciency
Fitbers gou can use to capturne ne partides
Tronn sk
#  Think about reatng a ciean ronm in your
housi with a portable air chana.
‘Wren smoke is present:
& Heep pets Indoors a5 meuch as you <an, whh
doors and windows chosed. Bring cutdoor
pets ino 3 room with good ventilazion, lke

@ urlity ronm, gasge, or bathroanm. Moave
patentaly dangercus preducs, such &
pesticides, oat of the reach of pes.
Srselia 5 aspacially tough an your pat
birds. Keep tham irslde when Smidae s
prasant.

Keep Indoor air dean: o not e or brad
frody, spziem, bum candies, Lae 2
fireplacs or woooshoee, or smoks bobars
prosducis, Thess activibes sdd marticks o
your home,

Spand heis e oubdoan and limit physical
activrties when it i smolky, For esmmple,
when s smnky, i nal & gaod ties Tor
wou e your gt En o Tor s run, Lek dega
@l cats autside enly Tor kel bathrooen
braaks i alr quality alerts wre in etect

WILDFIRE SMOKE FACTSHEET

Protect Your Large Animals and »
Livestock from Wildfire Smoke ‘w@

Your animals can be affected by wildfire smoke. If you feel the effects of smoke, they probably do too! High
levelsof ke arel ful long to lower levels of smoke can also Iritate animals” eyes and
respiratory tract and make it hard for them to breathe. Reduce your animals” exp to smoke th

way you reduce your own: spend lesstime in smoky areasand limit physical activity. Animals with heart or
lung di d older animals are ially at risk from smoke and should be closely hed during all
periods of poor air quality. Take the following actions to protect your large animals and livestock against
wildfire anoke.

Protect Your Animals During Smoke Episodes

O Lmit witiesthat i the
amount of smoke breathed into the lungs.

O Provide plenty of fresh water near feeding
areas.

O Lmit dust exposure by feeding low-dust or
dust-free feeds and sprinkling or misting the
livestock holding areas.

O Consider moving outdoor birdsto a less smoky

- sch b

or

0 Give your livestock 4 to 6 weeksto recover fully
from smoky conditions before i
strenuous activity.

O Protect yourself, too! Think about wearing an
N95 or P1IN respirator while taking care of
your animals.

Prepare Before a Wildfire

Know where to take your livestodk if smoke
persists or becomes severe, or if you need to
evacuate. Good bam and field maintenance can
reduce fire danger for horses and other livestock.

Recard Keeging

O Make sure your animals have permanent
identification {ear tags, tattoos, electronic
microcdhips, brands, etc}.

O Keep pi f animals, jally high-vah
animals, such ashorses, up-to-date.

O Keep a list of the species, number and locations
of your animals with your evacuation supplies.

0 Note animals” favorite hiding spots. This will
save precious rescue time!

O Keep vaccination records, medical records and
registration papers with your Evecustion Kit.

Preparing for Bracuations

0 Assemble an Evacumtion Kit.

O Know where you can temporarily shetter your
livestock. Contact your local fairgrounds,

https://www3.epa.gov/airnow/smoke fires/protect-your-

https://www3.epa.gov/airnow/smoke fires/protect-your-large-

Federal and Professional
Partners

ER¥ICK
5 S ¥y
al Ty

CoMTROL AND PREWENTION

pets-from-wildfire-smoke.pdf

animals-and-livestock-from-wildfire-smoke.pdf



https://www3.epa.gov/airnow/smoke_fires/protect-your-pets-from-wildfire-smoke.pdf
https://www3.epa.gov/airnow/smoke_fires/protect-your-large-animals-and-livestock-from-wildfire-smoke.pdf

o Particulate Matter Web Course
\"IEPA For Healthcare Professionals and Educators

Environmental Topics Laws & Regulations About EPA Search EPA.gov Q

Share Contact Us

Particle Pollution and Your Patients' Health

This course is designed for

An evidence-based training course for healthcare providers that:

family medicine physicians,
internists, pediatricians,
occupational and

.. rehabilitation physicians,
* Describes the biological mechanisms responsible for the

cardiovascular and respiratory health effects associated
with particle pollution exposure,

nurse practitioners, nurses,
asthma educators,

pulmonary specialists,
* Provides education tools to help patients understand how

cardiologists, and other
particle pollution exposure can affect their health and how

medical professionals.
Start the Course

CME credit from CDC to physicians, nurses and health educators
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Combating Wildland Fire Impacts

Lara Phelps, Director

US EPA, Office of Research and Development,
Center for Environmental Measurement and Monitoring,
Air Methods and Characterization Division

A-E BOSC Subcommittee Meeting
February 17 — 19, 2021



Outline

e Wildland Fire Measurement & Characterization

* Research Snapshot

* Mobile Ambient Smoke Investigation Capability (MASIC); FireX-AQ Ground
Measurement Support; and the AQUARIUS Study Sensor Programs

* Multi-pollutant Sensor Pod Evaluation

* Small Form Factor Filter Based PM Samplers
* Wildland Urban Interface Emissions

* Lead (Pb) Emissions

* PurpleAir Correction Factor

* Research Challenges

The views expressed in this presentation are those of the individual author(s) and do not necessarily reflect the views and policies of the USEPA.



wEPA Why are Smoke Emissions Important?

Increasing Fire Size & Intensity

Community & Fire Fighter Health
o PM, Toxics
o Susceptible Subpopulations
Ambient Air Quality
o PM, O;, NOx, NH;, CO, VOCs
Global Climate
o CO,, CH,, BC, Organic Aerosols, NOx, N,O




wEPA Measurements

Remote Geograp!uc
. Information
Sensing

Systems

* Elucidating Wildland Fire Smoke Impacts on Public Health

Sensor o Source Emission to Exposure
Systems

* Emission Characterization

/ Exposure

* Transport

Envirenmental

» Atmospheric Chemistry
e Community Monitoring (NAAQS)
* Human Exposure

WildlandEire

EMISSIONS

— iransportic
{ranstormation

outcomes

Upstream
HUuman&
Natural

EACLOrS

o Model Development & Assessment

* Deterministic Modeling (CMAQ)
— * Receptor Modeling (PMF, Unmix)
o Health Effects

o Data mining & to Dose Models . o . . . .
Faricptory PS——. \ B/ 5iomonitoring * Epidemiological Modeling
Ssessmen

lime-Activity
& Behavior;

Integrated by Source

* Mechanistic Toxicological Effects

e Public Health Communication

N
y

> o Data Integration & Risk Assessment

Integrated Decision Support Tools o Health Communication (AirNow, AQI, SmokeSense)





Wildland Fire

Emissions

Environmental

Transport &

Transformation

Outcomes

Remote Sensing

Geographic Information Systems

Participatory Assessment

Sensor Systems

Data mining & informatics

Biomonitoring







Stressors
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Contact

Dose

Exposure

Time-Activity

& Behavior

Upstream Human &

Natural

Factors

Integrated by Source to Dose Models
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wEPA Methods Characterization

* Development/Integration of Methods to Better

CO2NDIR  Volatiles Pymp ~ Black

Quantify Impact of Smoke ‘g Spas o i
* Required to Investigate Health Effects & Create co s co2 [ | rd
Effective Public Health Messaging \  HEGEN

R Y

\.| Particle
Prrte.;_A_

* Required to Elucidate Wildland Fire Impacts on
NAAQS Compliance (e.g., Natural versus
Anthropogenic Sources; Data to Inform Exceptional
Event Determination)

* Development of Portable Multi-pollutant Sensors

* Support Emission Characterization Using Unmanned
Aerial Vehicles & Aerosonde for Plume Measurements;

- .- ' P d
Tower & Forest Burn-over (/n Situ Measurements) - ;x> - M Eow &
" Controller
* Support Incident Response Activities (Local Scale) B | for PM |




wEPA An Integrated Approach

Mobile Ambient Smoke Investigation Capability (MASIC); FireX-AQ Ground Measurement

Support; and the AQUARIUS Study — Matthew Landis, Russell Long, et al
* Prior to MASIC - No Ambient Monitoring Sites for Smoke Assessment

o EPA (CSN, NCOR, PAMS, SLAMS, NAPS, Near Road, O, SO,, FRM) or NPS (IMPROVE) Monitoring Network
o No Sites Measuring CO & CO, Required to Calculate Modified Combustion Efficiency (MCE)

o No Sites Routinely Analyzing FRM Filters for Definitive Smoke Tracers
o Limited Sites Measuring Optical Carbon (EC/UVPM) or OC/EC (TOT/TOR)

* No Formal Evaluation of Existing Network Sites for Comprehensive Smoke Impacts
o Limited Exceptional Event Designation Investigations
o Lack of Definitive Tools/Data for Assessment (Many Inferential Approaches - Satellite Products)
o Handicaps Health Effects (Epidemiology) Modeling & Understanding Impacts on NAAQS Compliance

e No Dedicated Mobile Monitoring Capabilities for Wildland Fire Events

o Support Incident Response Activities (e.g., Air Resource Advisors)

o Opportunity for Valuable Research Data: Emission Characterization, Plume Aging Characterization, Health Effects °©



Evaluation of Multi-Pollutant Sensor Pods

—

Matthew Landis, Russell Long, et al

&

EPA Wildland Fire Sensor Challen%e 2016 - 2018

Testing) Performance Evaluation of Multi-Pollutant
Sensor Pods in Biomass Combustion Smoke

Shared Vision by Partnering Organizations:

A desire to advance air measurement technology to be easier to
deploy, suitable to use for high concentrations observed
during wildland fire events, durable to withstand difficult field
conditions, and report data continuously and wirelessly.

Partnering Federal Organizations:

€D ST,
S e

JUAS|

-
ATHENT O ARLSSS




Significance of Burn Conditions on
Performance

<vEPA

* Calculate Dy mene (Instrument - Ref)

Multivariate Analysis Testing the Influence

2B PAM o Modified Combustion Efficiency

Ambilabs-Neph \/ v v v l(iv[CE)l Size Distribution (MMAD)
o Aerosol dize Distribution

AQMesh v v v o Black Carbon (BC)

Duke Sensors v v/ v v/ o Temperature (Temp)

Kunak Vv v N v v o Relative Humidity (RH)

Purple Air v v Conclusions:

Met-One EBAM v * Factors Significantly Impacting

Met-One Esampler v/ v v/ v Instrument Accuracy

Sensivere RAMP v v v/ o Burn Conditions

Thermo PDR v v v v o Aerosol Density Assumptions

Vaisala v’

o Sensor Implementation/

MMAD — Mass Median Aerodynamic Diameter
Power Management



Evaluation of Small Form Factor Filter Based PM
Samplers in Wildland Fire Conditions

EPA Air Innovative Research Site,
RTP

*  Ambient sampling for 32 days

*  23.75-hour sample days
¢ Collocated PM, 5 Tisch FRMs

*  3-Collocated small form factor filter
sampler pairs: nFRM, MiniVol, and
Omni

USFS Missoula Fire Science Lab

*  Fuel: Ponderosa Pine Needles &
Mixed Woody Debris

*  Combustion: Flaming & Smoldering,
Control Variables: Fuel Moisture &
Load

* 31 burns under varying loading and
combustion efficiencies

*  Higher concentration, larger particles
in low MCE conditions

* 5 sampler pairs: nFRM, MiniVol,
Omni, LFR-6, nFRM+URG inlet
compared against Tisch FRM

did fidlagD p

dhidlogDp
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S EPA Selected Small Form Factor Filter
e Sampler Evaluation Results

Sampler Unit n Mean + StdDev Accuracy n Mean + StdDev Accuracy )

P PM, s (ug m™) (%) PM,s (ug m™) (%)  nFRM best overall accuracy in
Ambient and Chamber testing
compared to FRM

Rl Ave 32 7.62+2.60 - 31 598.7 + 637.0 - ,
* LFR-6 (6 Lpm version of nFRM)
Both 32 7494270 973+19 31 6057+6485 o9s2+14  secondinoverall accuracy in
chamber testing

(-0.412), and r? (0.993) in ambient
Both 32 7.76 +£2.69 942+5.5 31 5757+ 6189 94.1+5.0 environment testing indicate able
to provide data quality similar to
LFR-6 Both - - - 31 5953+ 6372 97.5+26 FRM in a rapid deployment
scenario

nFRM
URG Both - - - 31 611.7+654.1 964+4.5
Variant

10




wEPA Wildland Urban Interface (WUI)

Estimate of pollutant emissions from fires in the WUI — Amara Holder

What are the chemical “Humans and their development meet or
constituents of smoke from mtem“x with wildland fuel
fires in the WUI and how

much are emitted?

Assess the relative importance of
structures and vehicles to wildfire
emissions by developing an emissions
inventory for a single fire in the WUI




WUI Take Away

* Key Points:
* Emissions of criteria pollutants from structures in the WUI are miniscule compared to
those from the natural fuels for the Thomas Fire

* Some air toxics (e.g., benzene, styrene, Pb) are emitted in amounts many times larger
than those from the natural fuels and are comparable to other point sources on a county
wide basis

* Importance of WUI emissions depends on the individual wildfire/WUI fire, but
exposure may be higher to WUI fire emissions due to the close-proximity of the public

* Method Comments:
* Methods used for municipal fires are not applicable to WUI fires

* Emission factors are needed to fill in the data gaps in the literature, especially for PM
and 1ts composition



Amara Holder

<EPA Lead (Pb) Emissions from Wildland Fires

Mobile
Sources
7%

Miscellaneous 6%

Agriculture
18%

Why are Pb emissions from fires important?

Industrial

* Pb 1s an EPA criteria air pollutant with numerous Processes
health risks =

* Fires are the largest source of fine particulate matter
(PM, 5 or PM) in US
Fuel

* PM from fires are primarily carbonaceous, but Combusion
contain many other elements at low concentrations,
including Pb

Commercial
Cooking
2%

* Given significant PM emissions from numerous
fires, these trace level elements may be emitted in
substantial concentrations, in aggregate f

. . Wildland Fir
* We have never inventoried Pb from fires, but the 0%

risk assessment research community requested more
information

PM2.5 emissions
in the 2014 NEI




wEPA \ Measuring Pb Emission Factors (EFs) from Fires

* PM sampled from a series of prescribed (Rx) fires and laboratory simulations
* Increased sample mass and analytical sensitivity to optimize Pb limit of detection

* More robust and complete results coming from inductively coupled plasma — mass
spectroscopy soon

* More samples from wider geographic areas are still needed to capture the variability of
Pb in the environment

14
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AirNow Sensor Data Pilot

Evaluation of Air Sensor Technologies and Development of Correction Equation and QA/QC
Approach for Crowdsourced PM, . Data — Andrea Clements, Amara Holder, Karoline Barkjohn

Secondary Data Project

Team: EPA ORD, partner local air agencies
Objective: Evaluate collocated PurpleAir
sensors deployed by local agencies

Long Term Performance Project
(and LTPP+)

Team: EPA ORD, partner local air agencies
Objective: Evaluate multiple sensors across
the U.S. (LTPP+ PurpleAir only)

Smoke-Impacted Projects

Team: EPA ORD, Regions 9 & 10, USFS
Objective: Evaluate multiple sensors in smoke

24-hr U.S. Correction
Development

Method: Collocations with FEM
and FRM measurements

Objective: Build a correction model
that improves sensor performance
across the U.S.

1-hr Evaluation of Ambient
and Smoke-Impacted Data

Method: Collocations with FEM
and near FEM measurements
Objective: Evaluate correction
model for 1-hour ambient and
smoke-impacted datasets

AirNow Sensor
Data Pilot

Method: Apply data
cleaning methodology
and U.S. correction to
sensor data before
inclusion on the map
Objective: Provide
more spatially-resolved
air quality data,
especially during
wildfire episodes




SEPA . Impact & Next Steps

* Characterizing PurpleAir sensors over a wide geographic area,
under a variety of conditions (ambient and smoke-impacted) and
has expanded understanding of using this sensor as a data source

* ORD’s work allowed the sensor data pilot to be conducted 1n a
scientifically credible way and allowed AirNow to communicate
more spatially-resolved air quality information to the public at a
critical time (1.e., peak fire season)

* Finalize and apply an updated correction equation to extend
the applicable concentration range using newly available data.

* Assist in developing methodologies to address 1dentified
crowdsourced data/correction i1ssues.

* Assist in developing testing and performance criteria and a
process to potentially add other sensors to the AirNow Fire and
Smoke Map 1n the future.

L
15007 Correction equation ",
extension into higher .
concentration regions *

1000

*  Atascadero
*  Bend
* Bishop

5007 * HBHoise

PurpleAir PM, . (ug/m’)

* Forks of Salmon
* Hoopa
* Keeler
*  Mammoth Lakes

*  Oroville

*  Tulelake

560 1Dhﬂ 15h0
FEM or near FEM PM, - (ng/m°)

[

~ LG 1" et
¥ % " " June 26,2020 3:37 PDT
* Qiagpnia [ e Mremeni ) & 2 8 " "‘l
® £ H.-.1:.-1-:11“umwum:-@i‘_m_. (o] p O g "3 ﬂwﬂ‘.

Transported Saharan dust
event missed by sensors
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wEPA Research Challenges

* Wildfires are Transient Events — Low probability of smoke impacts at fixed
sites over short time scales (1 — 2 years)

* Nearfield Smoke Impacts Can Be High Magnitude Events
* Outside gas monitoring calibration range
* Filter sampler shutdown o
* Sampling artifacts "

* Downwind Smoke Impacts May Not
Be Obvious

* Emissions may impact criteria pollutants [~
without perceivable smoke or odor IRTG . , |
» Site measurements may not be adequate | L
to 1dentify biomass impact events




wEPA AESMD’s wildland fire-related research:

United States
Environmental Protection

emissions and modeling

Tom Pierce
Associate Director
Atmospheric and Environmental Systems Modeling Division

Meeting of the BOSC Subcommittee for the
Air and Energy Research Program

February 18, 2021

S F/IRE DANGER |

ETODAYJ*

Office of Research and Development
Center for Environmental Measurement and Modeling

- Atmospheric and Environmental Systems Modeling Division



o )
"EPA Outline

Environmental Protection
Agency

- Components of AESMD'’s research program

- Past and ongoing collaborations

- AESMD relevant research products in the StRAP
- Future directions/challenges



< EPA Improving wildland fire emission and

United States

Er;\;ir:gcmentalProtection air quality mOdeIing Components

e

Model Development and Integration

More informafion:

«  Community Multiscale Air
Cruality(CMAL) Madeling
=ysiem
nttps: fwnww epa govicmag

Weather Research and
Forecasting (WRF)-CMALH
Coupled Model

ntbps-/fweww epa govicmagicma

q=-madels-0

BlueSky (developed by U.S
Forest Sendice, LUSFS)

™ - . - L -
thp-ffweaw getbiuesky arg

Sparse Matrx Operator Kemel
Emissicns (SMOKE)
processing system

ttps: vy cmascenier.org’sm

ke

SFECIATE = pariiculate matter
{(FM) and volatile organics
speciation profiles for air
poliution sources

s I s St ey,
ttps =i cipul epa govispeciate




wEPA Work with USFS to adapt the BlueSky

United States

w e emissions algorithm for AQ modeling

Fire Emissions Processing at High-Level for 2016 beta

Crl(l)sp[l)(g'l g HMS Detects
no VIIRS
Database ( )

ICS-209
GeoMAC
NASF
ICS-209 PIR

ID, Nez Perce, Non-ag and
USFS-MN, KSinfo  Agland detects grassland
detects

KS, NC, CO,

C id SmartFire2 USFS-MN info
rop resiaue BlueSky

burning fire Framework
methodology (updated

(USEPA) FCCSv3)
GA and WA

info

Day-specific Ag burn fire Day-specific Wildfire and
Emissions Prescribed fire Emissions




Work with NASA to improve =4

plume ianht&_i;n C

Characterizing the vertical distribution of smoke is very difficult, often
resulting in poor predictions of air pollution from wildland fires.

Recent activities:

- Collaborative ROSES project with NASA-Langley

- Federal post-doc (ended 2020)

- Ongoing collaboration with OAR-OAQPS and NOAA
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-6 5 -4 - -2
Log Inteqrated Attenuated Backscatter [1;

|
/)

Work with NASA to use CALIPSO satellite
Imagery to measure smoke injection height

(ppbv]

CALIPSO plume height Chemical transport model
CALLID_L2_05kmALay—Prov—-1-10.2006-09-02T10-31-35ZN.hdf Skm H-Ave RAOMS Total Aerosal (ppbv) adlong CALIPSO orbit on 2006 09 02
S = semmes T - - T ) i - 8 [ T T T T T ]
' =1
—_— 5 —_ -
e EF
§ " 4 -
5 [ | ~| [ E I
1, T | “ | z 9k ’ B -
. Lo et [ -
50.9 4 52.62 48.93 45.22 41.49 37.71 33.96 3021 | ok ‘ B —
118.31 1 1 122.39 -124.00 125.4 -126.71 -127.89 -128.98 -129.99
Lat/L 55 50 45 40 35
- o Latitude [deg]
- 3 - 3 10 15 20

NASA model underestlmates plume helght by about
1/3 for this western fire.

If plume height is misplaced, then the incorrect transport of
smoke will impact air quality model performance.
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SEPA Work with NOAA on fire emissions in the

United States

oot proecion N@tional Air Quality Forecast modeling system

aancy

E
A

3 Enhancement

Max. 8-Hr. 03; June 19-July 7, 2006
T T T T

I 150 265 120
100
gl g ]
10.0 g oo fian .
oB0 f"? S
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a0l
20 +
5.0
IjEI 2ID 4:3 B:J 8:3 1DID 120
! Ohbserved O_pph)
Ciaily Mean P June 19-July 7, 2008
100 T
0.0 1
ppb 1
June 19,2003 12:00:00 & ‘-
Min= 0.0 at(1,1), Max= 0.0 at(1.1) «% 1
Ph2.5 Enhacements ;“. 1ol . 4 1.#'"’
30 & e
I 265 E . ¥ -
25 = IR
‘1 1
20 1 10 100
Observe o PM__(im3)
15 -
Accurate representation of
10 wildfire emissions is important for
both O5 and PM forecasts
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J 19,2005 12:00:00 H H
Min=" 0at(1.1), Max= 0 at(1.1) www.airquality.weather



http://www.airquality.weather/

SEPA Work with OAR-OAQPS on fire emissions
Emironmenal Protection Example shown for crop residue burning in
hoeney EPA’s National Emissions Inventory (NEI)

2016 — County-level PM, ; emissions (tons) 2017 — County-level PM, ; emissions (tons)

105

20

75

60

r4s

r15

Max: 1307 59 Min: 0.26 lax: 1828.92 Min: 0.26

Pouliot G et al. 2017. Development of the crop residue and rangeland burning in the 2014 National
Emissions Inventory using information from multiple sources. Journal of the Air & Waste Management
Association, https://doi.org/10.1080/10962247.2016.1268982.

] ’


https://doi.org/10.1080/10962247.2016.1268982

wEPA Work across EPA to assess the impact of

United States

Environmental Protection = =
wildland fire smoke on human health
Rappold AG et al. 2017. Community vulnerability CMAQ simulation — contribution of fires to PM, ; in 2009
to health impacts of wildland fire smoke exposure.
Environ Sci Technol, a=avg.window.annual.2009_diff. PMIJ.CCTM_v5.0.1_ch05tucl_Linux2_xB6 &dintel.aconc.
https://doi.org/10.1021/acs.est.6b0620. I 3000246
Fann N et al. 2018. The health impacts and 2950
economic value of wildland fire episodes in the
U.S.: 2008-2012. Sci Total Environ,
https://doi.org/10.1016/j.scitotenv.2017.08.02. 1500

DeFlorio-Barker S et al. 2019. Cardiopulmonary

effects of fine particulate matter exposure among 0.750
older adults, during wildfire and non-wildfire

periods, in the United States 2008-2010. Environ

Health Perspectives, g 1

https://doi.org/10.1289/ehp3860. January 1,2009 1:00:00
Min= -0.010 at (396.1), Max= 6.540 at (30,191)



https://doi.org/10.1021/acs.est.6b0620
https://doi.org/10.1016/j.scitotenv.2017.08.02
https://doi.org/10.1289/ehp3860

<EPA AESMD’s involvement in wildland fire
related research in the A-E StRAP

- AE 1.2.4: Improved model representation of local, regional, and global distribution of atmos
aerosols (B Murphy)

- AE 1.3.3: Development and application of a modeling testbed for improving the characterization of
the natural atmosphere (D Kang)

- AE 2.1.6: Development of the SPECIATE 5.2 Database (G Pouliot)

- AE 3.5.1: Estimates of the effect of changing environmental conditions on the chemistry and health
impact of air pollution mixtures (M Gilmour, CPHEA)

- AE 6.2.1: Summary of changes in air quality and health impacts in the U.S. at 2050 and 2090
projected using multiple earth systems models and emission scenarios (C Nolte)

- AE 6.2.3: Summary of estimated relationship between national temperatures and AQ air quality
based on multiple models (C Nolte)

- AE 8.2.1 Integrated modeling platform to assess the multimedia effects of wildfire and potential
benefits and costs of management action (J Johnston, CEMM/EPD)

- AE 9.1.3: Multi-year fire activity and emissions inventory using the best available data and
reconciliation techniques (G Pouliot)

- AE 9.1.5: Advanced individual-level air pollution exposure models for improving exposure
assessments for wildland fires (M Breen, CPHEA; collaborator, V Isakov, AESMD)

- Output 9.3: Synthesis of wildland fire research findings related to improved modeling

— Comparative Assessment of the Impacts of Prescribed Fire Versus Wildfire (CAIF): A Case
Study of the Western U.S. *** Not in the original StRAP; currently in review ***

— o



wEPA Research Product AE 2.1.6 (FY22)

United States

Environmenta! Proteton SPECIATE 5.2 Database

- Supports AE 2.1 (Characterization ... of key combustion sources).

- SPECIATE is a database of elements, compounds, PM, and other
emissions (it provides an emissions profile for each source).

- SPECIATE supports EPA’s National Emissions Inventory (NEI).
- Many groups inside and outside EPA use SPECIATE along with NEI, to

provide spatial-, temporal-, and source-resolved emissions estimates of
individual VOCs, PM components, and other modeled species.

- Speciation of wildland fires has been a recent focus of SPECIATE as
shown by this example: e

— 2



Research product AE 6.2.1 (FY22)

<EPA

United States
Environmental Protection
Agency

Koplitz S, C Nolte, et al. (2021) The contribution of
wildland fire emissions to nitrogen and sulfur deposition
in the contiguous U.S.: implications for tree growth and
survival in the Northwest, Environ Res Letters,
https://doi.org/10.1088/1748-9326/abd26e.

=> Based on 5 years of CMAQ simulations, N
emissions from wildland fires “may affect the survival
and growth rates of 16 tree species across 4.2
million hectares, with the most concentrated impacts
occurring in Oregon, northern California, and ldaho.”

Oxidized Reduced

0.5

10P Publishing

@ CrossMark

OPEN ACCESS

RECENED
29 Oxtober 2020

ACCEFTED FOR FUBLICATION
10 December 2020

PUBLISHED
29 January 2021

Original content from
this work may be wed
under the terms of the

Any furiher distribution
of this work must
maintain atribution o

Changes in air quality and health impacts in the U.S. at 2050 and 2090
using multiple earth systems models and emission scenarios

Environ. Res. Letr. 16 (2021) 024028 https//doiorg/10.1088/1748-9326/abd26e

ENVIRONMENTAL RESEARCH
LETTERS

LETTER
The contribution of wildland fire emissions to deposition in the
U S: implications for tree growth and survival in the Northwest

Shannon N Koplitz™
R Quinn Thomas

, Christopher G Nolte' ', Robert D Sabo
and Tamara A Newcomer-Johnson

, Christopher M Clark, Kevin ] Horn',

! Center for Env | M nt and Modeling, US EPA, Research Triangle Park, NC, United States of America

% Center for Public Health and Environmental A US EPA, Washington, DC, United States of America

* Department of Forest Resources and Environmental Conservation, Virginia Tech, Blacksburg, VA, United States of America

f Center for Envi | M nt and Modeling, US EPA, Cincinnati, OH, United States of America

? Current address: Office of Air Quality Planning and Standards, US EPA, Research Triangle Park, NC, United States of America

E-mail: Koplitz.shannon@epa.gov
Keywords: wildland fires, N deposition, ecosystem impacts

Supplementary material for this article is available online

0.4 the author(s) and the title
of the work, journal

Wet 03 citation and DOL. Abstract _ ) o )
0.2 @7@ Ecosystems require access to key nutrients like nitrogen (N) and sulfur (S) to sustain growth and
0.1 B healthy function. However, excessive deposition can also damage ecosystems through nutrient
—— —— 00 ifnbalances, leading to changes in prod_uclivity and_ shifts in ecosystem structure. “’hi_le wi.?dla_nd
kg/ha fires area knfu\vn source ul'a?lmosphenc N and §, little has been done to examine the implications
. e of wildland fire deposition for vulnerable ecosystems. We combine wildland fire emission
o i estimates, atmospheric chemistry modeling, and forest inventory data to (a) quantify the
’ contribution of wildland fire emissions to N and S deposition across the US, and (b) assess the
Dry 2.3 03 subsequent impacts on tree growth and survival rates in areas where impacts are likely meaningful
02 02 based on the relative contribution of fire to total deposition. We estimate that wildland fires
0.1 0.1 contributed 0.2 kg N ha™! yr~! and 0.04 kg Sha™! yr~! on average across the US during
[0.02.0.03-0.21] 0.0 007,009 0.0 2008-2012, with maximaup to L4 kg Nha ™' yr ™' and 0.6 kg Sha™' yr™' in the Northwest

representing over ~30% of total deposition in some areas. Based on these fluxes, exceedances of S
critical loads as a result of wildland fires are minimal, but exceedances for N may affect the survival
and growth rates of 16 tree species across 4.2 million hectares, with the most concentrated impacts
occurring in Oregon, northern California, and Idaho. Understanding the broader environmental
impacts of wildland fires in the U S will inform future decision making related to both fire
management and ecosystem services conservation.

— 2

Figure 2. Contributions of wildland fires 10 CMAQ modeled wet (top) and dry (bottom) deposition of oxidired (left) and
reduced (right) N during 2008-2012. Oxidized species include nitrogen oxides, nitrate, nitric acid, PAN, and organic nitrates;
reduced species include ammonium and ammonia. Domain means and ranges are shown in the bottom left of each panel.


https://doi.org/10.1088/1748-9326/abd26e

S EPA Research Product -- AE 9.1.3 (FY22)
WL '\ Towards a multi-year fire activity and emission inventory

Environmental Protection

Agency Improved emissions from sugarcane burning

Soot From Sugar Field Burning Plagues Florida Towns with 'Black
Snow’

— 2



S EPA Research Product -- AE 9.1.3 (FY22)
LI\ Towards a multi-year fire activity and emission inventory

Environmental Protection

Agency Improved emissions from sugarcane burning

Soot From Sugar Field Burning Plagues Florida Towns with 'Black
Snow’

oction

Improvements to the Estimation of
Emissions from Pre-harvest
Sugarcane Burning

George Pouliot, U.S Environmental Protection Agency
James Beidler, General Dynamics Information Technology

3" |nternational Smoke Symposium
International Assaociation of Wildland Fire

Office of Research and Development
enter for Environmental Measerements & Modelingidmospheric & Environmental Systems Modesing Di
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S EPA Research Product -- AE 9.1.3 (FY22)
71 I\ Towards a multi-year fire activity and emission inventory

Environmental Protection

Agency Improved emissions from sugarcane burning

Soot From Sugar Field Burning Plagues Florida Towns with 'Black
Snow’

Improvements to the Estimation of
Emissions from Pre-harvest
Sugarcane Burning

George
James Be . Major Crop Area

Note: The agricultural data used to create the =) D Minor Crop Area
map and crop calendar were obtained from yo
the Narional Agricultural Statistics Service ar v
http://www.nass.usda.gow’.
. . " P Sugarcane crop calendar for Florida and Louisiana
* Major areas combined account for approximately (growth cycle typically exceeds one year)
75% of the total national production.

® Major and minor areas combined account for

" . & HARVEST HARVEST .
approximately 99% of the total national production. e 57 o e vy oy g
® Major and minor areas and state production percentages Crop calendar dates are based upon NASS crop progress data from 2006-2010. The
. . field activities and tages il in the lendar represent
are derived from NASS county- and state-level production el b st at epeedie

data from 2006-2010.
USDA Agricultural Weather Assessments

«m World Agricultural Outlook Board

— X



“EPA

United States

Environmental Protection

Agency

Research Product -- AE 9.1.3 (FY22)
Towards a multi-year fire activity and emission inventory

Soot From Sugar Field Burning Plagues Florida Towns with 'Black

Show’

Protectio

Improvements to the Estimation of
Emissions from Pre-harvest
Sugarcane Burning

George

James Be

Improved emissions from sugarcane burning

Vare reate the
map and Crop ¢ alendar were obtained from
the Narional Agricultural Statistics Service ar

hitp

The agricultural data used 1o

Www.nass. usda.gov.

¥ Sugarcane crop calendar for Florida and Louisiana

. Major Crop Area
I:l Minor Crop Area

* Major areas combined account for approximately
75% of the total national production.

® Major and minor areas combined account for

approximately 99% of the total national production. h:w
® Major and minor areas and state production percentages Crop calg
are derived from NASS county- and state-level production ey

data from 2006-2010.
USDA Agricultural We

«ml World Agricultu|
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SEPA Responding to research needs not in the
A original 2019-2022 StRAP

Significant emission/AQ modeling contributions to the

“Comparative assessment of the impacts of prescribed fire v wildfire:
a case study of the western U.S”

(Interagency study supporting AE output 9.3)

-

Sa
@
—
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AES lland fire-related research:

ons and challenges

Adapt t ging s (like t IF report)

Respond to an increased emph
environme“tice oy -

Continue to build off collab
EPA partners

on climate change and

ns with other EPA and non-

'Exre' pm_\ne and funding opportunities

A
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< EPA

Wildfire Research:
Understanding Health Impacts
and Potential Mitigations

John Vandenberg Ph.D., Director
Health and Environmental Effects Assessment Division, CPHEA
Board of Scientific Counselors Subcommittee for the

Air and Energy Research Program &pp)
at
Progress for o Stronger Future

February 18, 2021




. Assess and Minimize Human Health Impacts from
w7 . Wildland Fire Smoke

Exposure &

Health Effects interventions

Assessment

Impacts on Air Understanding — .
Quality and Water Potential Exposures Air Filtration

Quality

Effectiveness

Cardiovascular Health
Impacts
Efforts to Understand Research Grants and
Fire Emissions (RA 2, Impacts in Vulnerable Challenge
7,9 -in previous talk) Populations Competition

Health Risk Communication




S EPA Comparative Assessment of the Impacts of
i Prescribed Fire Versus Wildfire

* The Wildland Fire Leadership Council (US Depts of Ag
and Interior) requested that EPA conduct an assessment
of the health impacts of prescribed fire versus wildland
fire

* Interagency group of expert scientists [including EPA
(Jason Sacks, ORD Lead), USFS, DOI, and NIST]
developing a report that will include:

* Framework for evaluation of fire management strategies
* Air quality monitoring of wildfire smoke

* Epidemiologic evidence of health effects

* Ecological impacts of wildfire smoke

* Overview of costs/benefits of different fire regimes

September9, 2020



wEPA Assessment of Wildland Fire Effects

* Literature assessment of wildland fire effects on air quality,
water quality, and human health (Product 9.1.2- Steve LeDuc)

* Initial work focused on drinking water and water quality impacts
* Preliminary results show that exceedances of drinking water standards
can occur for nitrate, arsenic, benzene, and disinfection by-products

following fire

» Synthesis of wildland fire research findings (Output 9.3 - Steve

LeDuc)
 State of the science will capture the main findings from ORD's research

e Air quality
e Water quality
* Human health

* Results will inform EPA and other decision-makers on issues such as
ecosystem and smoke management, reducing emissions from prescribed
burning, and public health interventions.




S EPA Exposure: Advanced Individual-Level Air Pollution
s Exposure Models for Wildland Fires

* Advanced Individual-Level Air Pollution TracMyAir mobile app
Exposure Models for Improving Exposure Reg.time expostIElE HEREN
Assessments for Wildland Fires (Product A S
9.1.5)

* TracMyAir mobile application estimates real-time Start 21313, 146 PM
individual-level exposures and inhaled doses of End 2114119, 1:46 PM
P M 2.5 Total exposure time 24:00

* Learn more in Michael Breen’s Meet the
Scientist presentation

PM2.5 exposure 1.7 pug/m?
Ozone exposure 6.72 ppb
PM2.5 dose 5.8 pg/m?

Ozone dose 44.8 pg/m?




< EPA

Evaluate health
impacts from wildfire
smoke and identify
mitigation strategies
(Product 3.3.3- Haiyan
Tong)

- Published review on
cardiovascular health
impacts of wildfire smoke
exposure

- Includes data from
populations with lower
socio-economic status

Health Effects:
Cardiovascular Health Impacts of Wildfire Smoke Exposure

Mechanisms of cardiovascular impacts of wildfire smoke

~

# _{- 3 & - - ,
# Wildfire Smoke y
(PM. ozone, CO, NO,, PAHs, 5
\ aldchydes, metals, ctc) )/

N R

N

:&/
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Wood smoke components
entering circulation

» Ultrafine PM ?
= CO, PAHs, etc \/

Dermal exposure

Cardiovascular health impacts of wildfire smoke

exposure

Circulation

Hao Chen B, James M. Samet, Philip A. Bromberg & Haiyan Tong

Particle and Fibre Toxicology 18, Article number: 2 (2021) | Cite this article
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Sympathetic imbalance:
|HRYV, THeart rate, frisk of
arrythmia

Vasculature: hypertension,
lcoronary flow

« Vasculature: endothelial \

dysfunction, fendothelial
activation and injury, TROS,
lcoronary flow,

» Blood: |fibrinolysis,

Tcoagulation and thrombosis )

—

Vasculature: endothelial
dysfunction, hypertension,
TROS, tendothelial
inflammation

Blood: Tplatelet activation
and coagulation




Health Effects:
Health Impacts in Vulnerable Populations

* Epidemiological studies - Meet the Scientist presentation by Ana Rappold
(Product 3.3.2)
* Health effects of multi-day peak exposures in population-based studies
e Risks from short- and long-term exposures in vulnerable populations
* |dentify susceptible factors (e.g., SES & pre-existing diseases)

e Estimates of modifying effects of air pollution on subsequent
responsiveness to air pollutant exposure (Product 3.5.3, Kristen Rappazzo,)
* Using electronic health records data (CARES dataset) for individuals with COPD,
using respiratory related hospitalizations and visits as the outcome
* Exposure modelling includes CMAQ and wildfire models

* Also pursuing birth registry data in Colorado, which would allow us to examine air
pollution effects during wildfire seasons versus non-wildfire seasons



wEPA Health Effects of Short-Term Exposures

Peat smoke primes body to exaggerated responses to day-to-day stressors

Proinflammatory
Monocytes

High Fat C

Shift towards pro- | Metabolic
inflammatory/pro- r Dysfunction
atherogenic immune
cells (CD-11b/c) with
prior smoke
Priming Effects of Exposure-3& })/) exposure Unmasked Impacts of Exposure
(Single exposure) (Not evident in filtered air-exposed

Ai E ) rats fed a high fat emulsion)
IMmen Farraj Martin et al. Science of the Total Environment 643 (2018) 378-391



a Health Effects - Paternal Exposures to Wildfire
wEPA P

Smoke
: . 100+ p < 0.05
e Subacute exposures impair § e
sperm motility and the & 99 .—P'—
epigenome = gp- .
PIg | | E 80 .# A o°
* Current studies are using smoke = 70- *e -0"';_-
from different scenarios =
] @
O 604
a
o
50 '

Air 75mgim® 15 mg/m®

Product 3.5.2 - Colette
Miller and Urmila

Pathfinder Innovation Project (2018 & 2019) Kodavant




2 EPA Effects of Changing Conditions on Aerosol Chemistry
N7 and Health Impacts

Smoldering smoke

Biomass smoke Generated by Generation of Secondary Health Testing using In
Tube furnace Organic Aerosol (SOA) ‘ Vivo and In Vitro Models
Eucalyptus Smoke (filtered) including Susceptibility
! 0, ——> 0,+0,
| NOX —=—> 0,+NO €0, +NO,
NO +@L> (O; + PANSs + Oxidants | .
\V_}W_/\ v J
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smoke irradiation smoke
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Product 3.5.1 — lan
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SEPA Health Effects of Exposures to Wildfire or Synthetic

Material Smoke & Benefits of Air Filtration Interventions

Integrated Tube Furnace, Nose-Only Reduction in Breathing Frequency
Exposure, Real-Time Physiology During Smoke Exposures
Wildfire Smoke Synthetic Material Smoke Nwhole smoxke
PressGauge I:lFilte red Smoke
Exhaust 0 - 0
oo,
\ PM .50 - -50
> (—No, _ —_
R £ E
: a -100- 2 -100
Head-Out Plethysmograph g N -
B # - * vs. whole smoke
VS. whole smo
S 1507 *ys. whole smoke -150 # vs. smoldering
Direction of ring furnace rnoveme:t = | = #vs. 5D, 5Wk
. Ash Biomass Q : tub - (‘ ic') Exhas
Ring Tube A S %z N z,u el:, PM sampling | \ -200 T T T T 200 T—TT T T T T T T T T T 7
. [ 7 = 5Wk 5D 3H 3fH PW CB PL MX PW CB
Ring fumace 21190 & Flaming Smoldering Flaming
Data acquisition
.' Eucalyptus PW CB PL MX
} L ﬂ} _ Plywood Cardboard Plastic Mixture
(3 '

N

Hargrove et al. 2019; Vance et al., 2021

Product 3.3.1 - R
StOd;\JC :(333 . g C x T, filtration Material type, burn condition,

ephen Gavett an study filtration study 11
Yong Ho Kim



vEPA Mitigating Exposure to Wildfire Smoke

e Current public health recommendations

e Stayindoors (close windows and doors) and use
portable air cleaners

* N95 respirators

* Local agencies to designate cleaner air shelters to
protect some at-risk groups

* See Meet the Scientist presentation by Amara
Holder for details on HVAC and PM, . monitoring
research related to creating these spaces and
evaluations of the performance of existing portable
air cleaners (Product 9.2.1)

 Examining if physical barriers (e.g., face masks) can
mitigate the adverse health effects (Product 3.3.1)

WILDFIRE SMOKE FACTSHEET %

4 P“"
D m
Reduce Your Smoke Exposure *‘ﬁ 11
i 110

When wildfires create smoky conditions, there are things you can do, indoors and out, to reduce your
exposure to smoke. Reducing exposure is important for everyone’s health — especially children,

older adults, and people with heart or lung disease.

Reduce smoke exposure indoors

+  Stay inside with the doors and windows « Create a "clean room” in your home. Choose
cosed. Whether you have a central air & room with no fireplace and as few windows
conditioning system or a room unit, use high and doors as possible, such a4 a bedroom

" v ¢
efficiency filters to capture fine particles Use a portable air cleaneér in the room

from smoke. Ask an air conditioning + Have a supply of N95 respirators and learn

professional what type of high efficiency how to use them. They are sold at many

filter your air conditioner can accepl home improverment stores and online

+ Seek shelter elsewhere if you do not have = Long-term smoke events usually have

ir conditioner and it is 100 warm to stay periods when the air is better. When air
inside with the windows dlosed quality improves, even temporarily, air out
+ Do not add to indoor air pollution. Do not your home to reduce indoor air pollution

burn candles or use gas, propane, wood

(1=

burning stoves, hireplaces, or aerosol sprays.
Do not fry or broil meat, smoke tobacco
products, or vacuum, All of these can
incréase air pollution indoors

+ Use a portable air cleaner to reduce indoor
air pollution. Make sure it is sized for the

room and that it does not make ozone,

which is a harmiful air pollutant. Portable air

cleaners can be used along with efficient

central air systems with efficient filters to
ahle Iy renbiors

Wildfire ASPIRE study

Advancing Science Partnerships for

Indoor Reductions of Smoke Exposures 12




Interventions:

SEPA Research Grants & Challenge Competition

 Research grants: RFA announced in fall 2020, “Interventions and Communication

Strategies to Reduce Health Risks of Wildland Fire Smoke Exposures”

* Challenge competition: Cleaner Indoor Air During Wildfires
(Product 9.2.1)

Expect to make awards in summer 2021

Current air cleaning technologies have limitations including cost,
maintenance, noise, and lack of cooling —and are not affordable for
many at-risk populations

 EJ communities would greatly benefit from lower cost technologies

Prizes to be awarded for ideas that overcome these
limitations :
* Worked with Federal, Tribal, State and local partners /(,

to develop the criteria the solvers must address 13



wEPA Health Risk Communication

* Smoke Sense app developed to provide air quality and
health information Air Quality Index 27612

e Learn more: Mary Clare Hano’s Meet the Scientist Current AQI AQI Tomorrow
Presentation on Smoke Sense (Product 9.2.2)

* Work underway to incorporate TracMyAir exposure “

esti m at i O n i nto S m O ke Se n Se Moderate Unheaithy:.Sensitive Grou

Particle
* Develop strategies for improving health risk communication ozone ()
(Product 9.2.3) e

e At the organizational level, studying communication around e
large fire events e

e At the individual level, analyzing data on experiences and
behaviors related to wildfire smoke information

* Use findings to offer evidence-based recommendations on
health risk communication about wildfire smoke

Air Quality 101

O QO @®

About My Profile Badges Weekly Summa




< EPA

Questions?

Photo Credit: Christopher Michel
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Key AirNow Take-Aways for 2020 Fire Season

* The current fire event in west is larger and of longer
duration than the Camp Fire event of November
2018

* The cloud.gov infrastructure is incredibly resilient;
it did not crash and did not slow down

* The Sensor Pilot provides useful and much
appreciated information for the public

* We learned more and have more to do



Fires Are Increasingly Driving Traffic

® Sessions
4 000,000

I

2017 2013 2019 2020
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Our hard work paid off

Aug 12, 2020 - Sep 28, 2020: @ Sessions
Oct 14, 2018 - Nov 30, 2018: @ Sessions

4,000,000
Monday, September 14, 2020
m Sessions: 3,233,665

5 000.000 Friday, November 16, 2018

= Sessions: 2,034,787
Change: 58.92%

September 2020

B New Visitor B Returning Visitor
Users New Users

153.13% 163.87%
12,212 483 vs 4,824,596 12,129,265 vs 4,596,616 ‘
_bﬁ*&—z M

Returning Wisitor
4,671,974 Users (27.7%)

Sessions Number of Sessions per User —

240.12% 34.36%

48,352,198 vs 14,216,364 3.96vs 2.95

_&A_:m

Aug 12, 2020 - Sep 28, 2020

Oct 14, 2018 - Nov 30, 2018

Pageviews Pages / Session
197.68% -12.48%
89,381,362 vs 30,026,223 1.85vs 2.11

A - _—

Avg. Session Duration Bounce Rate
-4.91% 14.05%
00:02:19 vs 00:02:26 59.20% vs 51.91% 3

;—m———%
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Cloud.gov impressed us!

Aug 12, 2020 - Sep 28, 2020: @ Avg. Server Response Time (sec)
Oct 14, 2018 - Nov 30, 2018: @ Avg. Server Response Time (sec)
4

Seplember 2020

722,010 of pageviews sent page load sample

Avg. Domain Lockup Time Avg. Server Connection Time Avg. Server Response Time
Avg. Page Load Time (sec) Avg. Redirection Time (sec) (sec) (sec) (sec)
-39.30% -26.18% -20.07% -74.92% -91.52%
271 vs 4.47 0.06 vs 0.09 0.03vs0.04 0.08 vs 0.30 0.08 vs 0.89
A PN “a o | et FAV N
Avg. Page Download Time
(sec)
-73.26%
0.11vs 0.39
S | S
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AirNow Sensor Data Pilot rollout

 Soft l[aunch on August 14th, 2020 with no

significant media outreach

* Release coincided with large
in the West

* Since release, over seven mil
of the sensor fire map, a pea
thousand one day, currently
40 thousand per day

number of fires

lon pageviews
< of nearly 400

netween 30 and



Wildfire Research
Insights from EPA’s
Pacific Southwest
Region 9

Meredith Kurpius, Assistant Director
Air and Radiation Division, EPA Region 9

February 18, 2021
A-E BOSC Subcommittee meeting
Panel Discussion # 4: Wildfire Focus




Public Protection Needs for Wildfire Smoke

* Decision support tools for communities and individuals

 Information that is available and actionable that leads to effective
interventions.

e Two distinct phases
1. Preparedness (e.g., Smoke Ready Communities)
2. Managing smoke exposure during wildland fire events (e.g., AirNow)

* Most pressing needs for managing smoke exposure:
* Local smoke conditions: near real-time, and reliable forecasts out multiple days

* Short-term (sub-daily) and long-term (days to weeks) health impacts/risks and
guidance

e Effectiveness of interventions
e Mechanisms to inform the public when/which interventions to use



v EPA Working with ORD’s A-E Team

Low-cost sensors for monitoring air quality
impacts from smoke

A Region 9/10 and ORD RARE Project Collaboration (2018-2020)*

*Holder et al. Sensors 2020, 20,4796; http://dx.doi.org/10.3390/s20174796



P : ) : .
e EPA Evaluation of Low-Cost Sensors During Fires...

Pole Creek — Mt. Baldy Wildfires
PM, < max = 9 pg/m3
Sept - Oct 2018
Sensors: AQY, PA
Reference: E-Sampler

Natchez Wildfire
8 PM, - max = 284 ug/m3

Alder Wildfire

PM, s max = 291 pg/m3
Oct 2018 | AIRS Rx Fire
Sensors: AQY, PA, RAMP PM, s max = 40 pg/m3
Reference: BAM 1020 March 2019

e Sensors: PA, RAMP

| Reference: T640x

Credit: Andrea Clements, Karoline Barkjohn, and Amara Holder, EPA ORD 4



ZEPA

Validates US EPA Correction Factor for Purple Air Sensors

AirNow Fire and Smoke Map Sensor Pilot

¢ Purplepir  ~
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US EPA Correction Factor for Purple Air
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EPA PM2.5
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Are Do-lt-Yourself Air
Cleaners Safe and
Effective?

DIY Air Cleaner, Deluxe Model.
Photo Credit: Dave Conway,
Mariposa County APCD

Regional Applied Research Effort Program

Helps Answer Questions About Smoke Mitigation

Can a Solar-Charged Air Cleaner
Protect Fire Personnel, Evacuees, and
Homeless Sleeping in Tents?

What Level of Instruction is
Needed for Effective Use of
N95 Masks by the Public?

Photo Credit: Kelly Jordan, USA Today _
Photo Credit: Kelly Jordan, USA Today



A-E Research that Has Been Impactful

During wildfire smoke events the public needs information that is available and

actionable that leads to effective interventions for smoke exposure.

Research that Promotes
Available Information

Mobile Ambient
Smoke Investigation
Capability (MASIC)

L ow-cost sensor
evaluation

Multi-pollutant
sensor pods

Purple Air correction
factor (actionable?)

Research that Promotes
Effective Interventions

Advancing Science Partnerships for Indoor
Reductions of Smoke Exposure:

* Assessing how effective are air filtration
systems, portable air cleaners, and DIY box fan
filters (Hoopa Valley Tribe and Missoula, MT)

Appropriate respirator use

Innovative approaches to cleaner indoor air (e.g.,
challenge)

STAR Grant: Interventions & Communication
Strategies to Reduce Wildland Fire Health Risks



2020 Western Wildfires: Research in Action
September 30, 2020

AirNow message:

* Nowcast AQl > 3-hour average . a‘- W P

* Moderate/yellow ";ﬂ . |

* “it’'s a good day to be active outside” ' r </ - g i

* Unusually sensitive people: “consider reducing e# e
prolonged/ heavy exertion” g o x Hetaa L

* Public behavior: go outdoors, go for a run, open qﬂiﬁ' i = 2
doors and windows ,Eﬁ‘ o I s

Q

T

"‘;Z“\ 0 - G

.
U ™

. \"-.

A ¢

oy i
|
1 () -

\I i s

87 NowCast AQL  PM2.5 = L

Moderate

Current Air Quality 10 AM PDT Sep 30

Forecast AQI Today Tomorrow | Moge




o 2020 Western Wildfires: Research in Action
\"’EPA September 30, 2020 )

Actual Experience:

What does a 10-minute average mean
for smoke impacts/risk?

Visible smoke

Chest and lungs burning
Headache, shaking
Went indoors, shut
windows

Purple Air message:
* Very Unhealthy/purple
* 10-min average SR M
* “Move all activities indoors- sensitive groups” lr 2
(EPA Air Quality Guide for Particulate Matter) - e =

: ) . . B m
* Public behavior: go indoors, close windows, turn Sarteanisen Son, PEFE, 11 34 36 AN FOT

on air cleaner £ on




o 2020 Western Wildfires: Research in Action
<EFPA October 1, 2020

Outdoor AQI
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Weeks of Smoke with Short Windows of Relief

Madera
. L
-

Click and drag to zoom in. Hold down shift key and drag to pan.

e |us EPA PM2.5 AQI (US EPA) One Day Average|—=- X

o 400 Air Quality Index - Particulate Matter

301 =500 Hazardous

300

201 -300 Very Unhealthy
200 151-200 Unhealthy
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0
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Public Protection Needs for Wildfire Smoke
Moving Forward

Most pressing needs for managing smoke exposure:

* Local smoke conditions: near real-time, and reliable forecasts out multiple days
* More sensors; longer forecasts; better models for complex terrain; tools that integrate and
display information clearly

* Short-term (sub-daily) and long-term (days to weeks) health impacts/risks and
guidance
* Epidemiological studies/review; AQl-like metric to guide behavior; tools to track cumulative
exposure
 Effectiveness of interventions
* Mask use; air cleaner protocols; public perception of shelters; closing buildings (e.g., house or
schools) during prolonged events; solutions for low-resource communities and households

 Decision support tools to help the public know when/which interventions to use




= EPA Public Protection Needs for Wildfire Smoke

S Moving Forward

Groups of special concern: children (schools), environmental justice
communities, elderly, rural communities, compromised health, homebound
low-income households, outdoor workers, homeless and evacuees.

Photo Credit: Jenna Schnfd,NYT o o Photo Credit: Ali Kamal
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Example of NWS

Actionable/Available Information with Effective Interventions

NATIONAL WEATHER SERVICE

HOME FORECAST - PAST WEATHER -~ SAFETY - INFORMATION ~

EDUCATICN - NEWS -~

Go Nor'easter Gradually Ending; Unsettled West

View Location Examples

SEARCH ~

ABOUT -

The powerful Nor'easter. that has impacted the Northeast U.S. with plenty of snow, will gradually be coming to an enc

Your local forecast office is gusty winds are expected to persist through Wednesday. Meanwhile. the West will be unsettled, as a cold front slices
Renor NV Intermountain West with mountain snow on Wednesday, while a system drops down the Nerthwest coast with showe

Hazardous Weather Conditions

« Winter Weather Advisory until February 3, 12:00 AM PST

« Lake Wind Advisory in effect from February 3. 12:00 AM PST until February 3, 04:00 PIM PST

n Espafiol B:vee | HEEEEA

Current conditions at

TAHOE DONNER (TADC1)
Lat: 39.338194°N Lon: 120.273389°W Elev: 7399t

NA Humidity 99%
[o] Wind Speed SW 14 MPH

3 0 F Barometer NA
1 °C Dewpoint 30°F (-1°C)

- Visibility NA
Wind Chill 19°F (-7°C)

Lake Wind Advisory

Night

80% 60% —> 30% 50%

Snow Snow Likely Chance Snow Partly Cloudy
then Chance
Snow

High: 37 °F Low: 18 °F High: 30 °F Low: 14 °F

Thursday

High: 36 °F

Thursday
Night

Clear

Low: 19 °F

Friday

41 B

Sunny

High: 45 °F

.. .WINTER WEATHER ADVISORY MOW IN EFFECT UNTIL MIDMIGHT PST
TOMIGHT...

#* CHAMGES...Shortened duration of advisory and reduced snow
amounts.

# WHAT...Snow. Additional snow accumulations of 2 to & inches near
the Sierra crest mainly above 7888 feet, with up to 2 inches
down to lake level. Sierra wind gusts up to 75 mph.

* WHERE...Greater Lake Tahoe Area.

# WHEN. . .Until midnight PST tonight.

# ADDITIOMAL DETAILS...Hazardous conditions will continue on Lake

Tahoe with wind gusts up to 48 mph and wave heights 2 to 4
feet.

More Information:
Local Forecast Officg
More Local Wx

3 Day History

Maobil ather
Hourly Weather Fore

Friday

# IMPACTS...Plan on slippery road conditions. The hazardous
conditions could impact the evening commute mainly over the
higher Sierra passes.

PRECAUTIOMARY /PREFPAREDNESS ACTIONS. ..

Even light snowfall causes major travel delays, especially during
periods of high traffic volume. Be sure to allow extra time to
reach your destination. Leave extra space between vehicles since
it takes longer to stop on slick roadways.

Night

Clear

Low: 20 °F

The latest road conditions can be obtained by calling 5 1 1.




S EPA Other Important A-E Wildfire Smoke Research Areas

* Measurements to
support exceptional
events demonstrations

* Ozone in smoke plumes

* Multi-pollutant
measurements

e Effect of fuel
characteristics on

emissions for prescribed
fires

 Smoke Ready
Communities Research

Photo Credit: Stephen Lam, Reuters
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