Some Meandering Thoughts About
Marginally Related Air Quality Issues




INTRODUCTION

* IMPROVE network operates over 170 mostly remote/rural
monitoring sites throughout the United States.

* The Speciated Trends Network (STN), operated by the
Environmental Protection Agency, collects PM, . aerosol data at
over 200 urban/suburban monitoring sites.

e By combining data from the IMPROVE and STN networks, the
seasonal distribution of key aerosol species can be explored as a
function of geographical region, specifically urban and rural
locations.
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STN REGIONS (urban/suburban)
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Aerosol Composite

Components
« Ammonium Sulfate = 4.125 * [S]

T

Sulfates Nitrates

o SCATTERERS o |

Organics Soil

 Ammonium Nitrate = 1.29 * [NO,]
* Organics = 1.4 [OC]
e Light Absorbing Carbon = [LAC]

o Soll = 2.2[Al]+2.49[Si]+1.63[Ca]+2.42[Fe]
+1.94[Ti]

ABSORBER /

A\ Elemental Carbon .

« A factor of 1.16 is used for other
soll components

e Sea Salt = 1.8 *[Cl-]
e Coarse Mass = PM10 - PM2.5



Gravimetric Fine Mass
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Urban & Rural Annual Organic

/

IMPROVE monitoring network collects speciated PM2.5
data in rural locations across the United States



Urban & Rural Annual Organic
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Spatial Patterns: IMPROVE/STN (monthly mean, pg m-3)
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Spatial Patterns: IMPROVE/STN (monthly mean, pg m-3)

Aug Dec

Ammonium
Sulfate

Ammonium
Nitrate




Spatial Patterns: IMPROVE/STN (monthly mean, pg m-3)
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IMPROVE: Southwest U.S. Region |_AS AN OC LAC Soil Other
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STN: Southwest U.S. Region AS AN OC LAC Soail Other
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IMPROVE: Northwest U.S. Region AS AN OC LAC Soil Other

Northern Rockies
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STN: Northwest U.S. Region AS AN OC LAC Soil Other
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IMPROVE: Eastern U.S. Reqgion
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STN: Eastern U.S. Region
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Where There’'s Smoke
There's Haze and are Fires a
Significant Sourceﬁ___ of Reactive




What have we recently
learned?



Smoke Management Needs
for Air Quality Regulations

 Develop an unambiguous routine and cost effective
methodology for apportioning primary and
secondary carbonaceous compounds in PM2.5
RETROSPECTIVELY to prescribed, wildfire,
agricultural fire, and residential wood burning
activities
— Dally contributions needed for Haze Rule to properly estimate natural

contribution and contribution to worst 20% haze days

— Annual and daily contributions needed for PM2.5 and PM10 NAAQS

— Long term retrospective analysis needed to assess successes of
smoke management policies

« Similar needs for 0zone and reactive nitrogen
deposition issues




Sources Contributing to Particulate Carbon

100%

Fossil Sources

80% Cooking

Vegetation

60% Secondary

ontemporary

40% :
Fire Secondary

20%

i

0%
Particulate Carbon
« A large fraction of ambient particulate carbon is secondary organic
carbon (SOC) formed from emitted organic gases
e Source can be divided into a contemporary or fossil fraction

« Contemporary or biogenic carbon source include
— Fires, SOC from vegetation, cooking, pollen, HULIS and others

« Fossil or “old” carbon arises from burning of fossil fuels



Sources of Organic Aerosol (OA)

Photochemistry i}
VOC + hv, O,, OH, NO, Secondary Organic

~ Aerosol

: 2\

Primary Organic
Aerosol

Center for Atmospheric Particle Studies




Aging Rapidly Creates Lots of SOA

50 l l l l l
Lights off

5 Measured OA

POA Mass

Wall-loss
Corrected (ug/m?3)

Elapsed since lights on (hours)



Cosmic Badiation

Cosmic rays enter the earth's
atmosphere and colide with an
-:::T-:::-m creating an energetfic
neuirc}n

When the neutron

colides wilth a
nifrogen afom. a

nitrogen-14 [seven

profons, seven

naulrons) atom

tums into a

carbon-14

it Nirrogen 14

rHeutron

Heutron capfure .

Coarben 14

Plants absorb carbon dioxide
and incorporate carbon-14
through photosynthesis.

Animals and paople edf
plants and fake in
carbon-14.

- Following death and
" burial. wood and bones

i
% /jﬁ% lese C-14 as it chanoes

fo M-14 by beta decay.

Beta d
ﬁﬂf_ﬁf > . N”I'l:lgen 14

Coarbon 14
EM04 Howstuffworks.cam
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Radiocarbon
Isotope (Carbon-
14)

The ratio of 14C to 1?C in
the air and in all living
things is nearly constant

14C half life ~ 5700 years

Fossil carbon, e.g. oil, coal
and gas, has no C-14

14C/12C can distinguish
between fossil and
contemporary (fires,
cooking, road dust, pollen)
In particulate carbon
samples



Carbon |sotope Network
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Contemporary (Biogenic) Vs Fossil

Carbon

Contemporary or Fossil C (ug/mS)
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Seasonal Contemporary and Fossil C
(ng/m?)

The error bars represent the range in six day concentrations
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Seasonal Fraction Contemporary
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Urban Excess
Puget Sound, WA (Blue) - Mount Rainier, WA (Red)
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* Puget Sound fossil carbon is primarily due to local
sources during winter and summer

Summer biogenic carbon is regionally distributed

~40% of the winter urban excess is biogenic carbon
— Not all biogenic carbon is “natural”



Urban Excess
Phoenix, AZ (Blue) — Tonto, AZ (Red)
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* Phoenix fossil carbon is primarily due to local sources
during winter and summer

« Summer biogenic carbon is regionally distributed

« About half of the winter urban excess is biogenic carbon
— Not all biogenic carbon is “natural”



Fraction Biogenic Vs EC/TC -

Seasonal
Summer Winter
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Fraction Biogenic - Summer 2004-05
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The summer (June-August) IMPROVE carbon data were partitioned into fossil and
biogenic carbon using the derived fossil and biogenic EC/TC ratios



Fraction Biogenic - Winter 2004-06

Puget Sound
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The summer (December - February) IMPROVE carbon data were partitioned into
fossil and biogenic carbon using the derived fossil and biogenic EC/TC ratios



Estimating Secondary Organic Carbon
(SOC)

e Assume:
— All elemental carbon is primary
— Winter organic carbon is primary (PC)
— Summer organic carbon is primary + secondary

(%j — (EC/TC)Ninter 1
PC Summer (EC/TC)

Summer

(socj _ 1
TC Joummer (PC/SOC +1)

(&j — (SOC/TC)Summer .
OC Summer 1_(EC/TC)

Summer



Contribution of Secondary Organic
Carbon during the Summer

M Fossil W Biogenic

S 051

-

3 047 Secondary | Secondary
S 03 TC OC
éo.z Biogenic | 36% (6.4) | 41% (7.3)
IS

g 01 Fossil 23% (10) | 36% (15)
LL

(@)
|

SOC/TC SOC/0OC

Assumes all winter organic carbon is primary

— Underestimates the summer secondary particulate carbon

Assumes that a similar mix of sources contribute to the particulate
carbon in the summer and winter.

— Impact on estimate is unknown




Contributions from Biomass Burning

2 S

85 Smoke Impacting Yosemite NP

= Summer 2002

70

&
o

OC Source Contribution (ug/ms3)

0.0

[
o
!

a1
o
!

3.0+

204

10+

0 SOAOer SOA from

O ehicle Emissions 1 d

- smoke an

mBoressCombsin — other sources Primary
Smoke

Jily1420  Juy21-27

Jy28Auig3  Aug410  Auglo16  Augl723  Aulg2430 Aug3l-Sep5

Biomass burning can have
significant primary and secondary

particulate carbon contributions




Biogenic carbon accounts for

— 80-95% of the total carbon at the rural sites
— 70-80% of total carbon at near urban sites
— 50% of total carbon at urban sites

Little seasonality and total variation in fraction
modern carbon

Urban fossil carbon is primarily due to local
sources during the winter and summer

Summer biogenic carbon is regionally distributed

40-50% of the winter urban excess is biogenic
carbon
— Not all biogenic carbon is “natural”



e 42% or more of the summertime organic
carbon Is secondary

e 32% or more of the summertime fossll
carbon Is secondary




Sources of Carbon

Primary

Secondary

Biogenic

« Smoke - Wildfire, Agriculture
and residential wood & open
burning

 Pollen
e Soll
« Cooking

« Smoke - Wildfire, Agriculture
and residential wood & open
burning

* Vegetation

Fossil

e Combustion
— Mobile (Automobile, Diesel)
— Off Road Mobil
— Qil/gas
— Coal (power generation,
industry)

» Combustion

—Mobile (Automobile,
Diesel)

— Off Road Mobil

— Qil/lgas

— Coal (power generation,
industry)

e Evaporative loss of




Other Effects Associated with fire
emissions

e NOX emissions?
e NH3 emissions?
e VOC emissions?



Northern Rockies Wildfire Impacts
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Prescribed Fire in the Grand

e | y N Satellite detects of fires
March 7-12, 2005
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Wheat Field in Little
Rock Arkansas

. o
e~

Idaho field burning




Are fires a significant source
of Reactive Nitrogen?

e 2002 WRAP emission inventory
estimates small NO, and NH; emission
rates, < 2%.

e |s this right?



Southern California Fires

Oct 21 2007 Oct 22 2007 Oct 23 2007 Oct 24, 2007

Husar et al., 2007



Tropospheric NO,, from Space
OMI sensor on the AURA satelllte platform

« Average Tropospherlc NO2 Concentratlons (Husar et al,
2007)



Why Concern Over Ammonia?

Direct response of a basic gas neutralizing acidity
In particles and gases. (neutralization of acidic
sulfate aerosols — reaction with nitric acid vapor —
reactions with organic salts)

Response of PM formation can be dislocated from
where ammonia reduction first took place.

Ammonia deposition via cloud uptake and
subsequent rain, dry deposition in the gas vs
particle phase have vastly different time scales that
eads to different lifetimes and particle response

_arge ecosystem effects (releases H*, consumes
O, and releases NO,)




Atmospheric Nitrogen

Neutralization by ammonia:
NH,(9) + HNO, (9).€=> NH,NO4(p)

Fine
Particles

* Nitrates are generally formed from the oxidation of NOX to
nitric acid gas HNO,

« Nitric acid is neutralized by NH, forming particulate
nitrates

« OZONE!



Are Fires Contributing to the Increasing
Wet Nitrogen Deposition?

Wet nitrate concentration
deposition trends

C H‘v. ] ?‘A‘\

Wet ammonium concentration
deposition trends



Are Fires Contributing to the Increasing
Wet Nitrogen Deposition?

Wildfire Trends

[

Acres Burned (Millions/ Yr)
_ O R N WM oUlo N OO

985 1990 1995 2000 2005
-=- Acres Burned

Fires emit reactive nitrogen and the acres burned throughout
the western United states has been trending upward since 1995



IMPROVE Biogenic Carbon Smoke

Particulate Data Apportionment Apportionment Fire Types

Wild fire

Smoke
Primary and SOC | Prescribed Fire

Biogenic Carbon

Primary + SOC Other (SOC from
Total Carbon vegetation, Dust,
Fossil Carbon COOking) AgriCUIturaI Fire

Primary + SOC

Residential Wood
burning

Receptor Concentrations Increasing Detail
[ o o
Incorporate measured and Increasing Information Needs

modeled data



Contribution ires to Particulate
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2005 Agricultural Fires

@ IMPROVE (110 Sites)

® EPA PROTOCOL (8 Sites)

2005 Agriculture Fires

el




Fire Emission Seasons and geography

N. Rockies (MT, ID, WY, CO) Fire Emissions
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Wildfires occur
predominately in the west
during June — September

Prescribed and
agricultural fires occur In
cool months

Prescribed fire is
prevalent in the southeast
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Smoke Management Needs
for Air Quality Regulations

 Develop an unambiguous routine and cost effective
methodology for apportioning primary and
secondary carbonaceous compounds in PM2.5
RETROSPECTIVELY to prescribed, wildfire,
agricultural fire, and residential wood burning
activities
— Dally contributions needed for Haze Rule to properly estimate natural

contribution and contribution to worst 20% haze days

— Annual and daily contributions needed for PM2.5 and PM10 NAAQS

— Long term data needed to assess successes of smoke management
policies

« Similar needs for 0zone and reactive nitrogen
deposition issues




Developing a Retrospective Smoke
Apportionment System

e Source apportionment system to estimate the
contribution of primary and secondary smoke
from different types of fire

— Primary Smoke

 Cheap and easy smoke markers species
(Levoglucosan) measurements methods applicable
INn routine monitoring programs

 Smoke source profiles for agricultural and wildland
fuel types
— Secondary Smoke and Smoke Types

* Hybrid source apportionment model - Statistical
model for integrating deterministic modeling results
and measured data



Hybrid Source Apportionment Model

Source-compositions (F)

8 B

Receptor model C=£(F,S)

~ =

C

&

Source
Impacts

Meteorology




Smoke Apportion: Receptor Modeling
/IMFSR;EVE/

A 4

Receptor Model

A

Source )
/ Profiles HSource Factors)

A 4 A 4 A 4

Mobile Source | | Other Sources Primary + Secondary
Smoke + Vegetation SOC

 PMF type models with IMPROVE data retrieves a smoke/SOA factor —
dominate contributor to contemporary carbon in rural areas



Smoke Apportion: Receptor Modeling

Primary Smoke IMPROVE
Marker Species Data

A

Receptor Model

Source
/ Profiles HSource Factors}

A 4 A 4 A 4 A 4

: Secondary Smoke Primary
{Moblle Source} {Other Sources} {+Vegetation SOC} { Smoke }

e Addition of primary smoke marker species allows the separation of
primary smoke from SOC



Smoke Apportion: Hybrid Receptor

Modeling

Primary Smoke

IMPROVE
Data

Marker Species

Source Oriented
Transport Model (All fires-WRAP
type inventory)

A

Receptor Model

Ll

Source
/ Profiles H Source Factors }

A 4

A

y

A 4

A 4

{Mobile Source} {Other Sources} {Vegetation SOC} ED

rimary + Secondary
Smoke

« Addition and incorporation of prior source attribution results in a hybrid
receptor model can separate both primary and secondary smoke from

other sources



Smoke Apportion: Hybrid Receptor
Modeling

Primary Smoke IMPROVE Source Oriented
Marker Species Data Transport Model + Fire Types

A 4

» Hybrid Receptor Model

Secondary Smoke
Marker Species

SOUVCG Source Factors}
Proflles
—»[ Wild Fire
\ 4 \ 4 \ 4 \ 4 g

Mobile Source Other Sources OherSoc PULTIEL L S8 rescribed Fire
sources Smoke ]
—%gricultural Fire

e By tagging the prior source attributions by the fire type and the fire
location, the contributions of fire can be apportioned to specific fire types
and locations




‘Clouds do not constitute
~ visibility impairment!




EC/TC Ratios from IMPROVE Data Edge
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Measured Primary EC/TC
Ratios

Mobile Sources — Fossil Carbon

Adjusted Roadside: EC/TC = 0.39 (Chow et al., 2004)

1996 Sepulveda. CA tunnel study: EC/TC = 0.57 (Gillies et al., 2001)
Light duty vehicle: EC/TC =0.3 (Cadle et al., 1997)

Heavy Duty Diesel: EC/TC = 0.63 (Lowenthal et al. 1994)

Wood Smoke — Biogenic Carbon (McDonald et al., 2000)

Softwood in fireplace: EC/TC =0.2

Hardwood in fireplace: EC/TC = 0.1

Hardwood in woodstove: EC/TC =0.11

Texas grass and soft and hardwood: EC/TC = 0.2 (Chow et al., 2004)

Cooking

EC/TC = 0.1 (Chow et al., 2004)

Secondary organic aerosol

EC/TC=0



Comparison of EC/TC estimates

Winter Summer
0.6 0.6
0.5 0.5
o | ke N
= 0.4 = 0.4
g g
O 0.3 1 % 0.3
é 0.2 m 0.2 -
0.1 0.1 I i
0] 0 !
Fossil Contemporary Fossil Contemporary
O Radiocarbon B TOR O Source Profiles @0 Radiocarbon B TOR 0O Source Profiles

Projected fossil and biogenic EC/TC ratios are in line with other estimates
— Summer Fossil EC/TC ratio is on low side

Literature summer EC/TC higher than C 12/14 and EC/TC edge analyses
— Literature examined primary aerosol

Fossil and Biogenic EC/TC is smaller in the summer than the winter indicating
some summertime SOA formation for both



Emissions from Different Fire
Types

U.S. Acres Burned
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WRAP Region Fire PM2.5 Emissions

2,000,000 - Scenarios (tpy)

1,500,000
1,000,000 -
500,000 -

B WildFire
M Prescribed

O Wildland Fire Use

@ Agriculture*

0
2018 Projection A -
2002 Actual FIJ_M
M Prescribed 71,421 195,020
M Wildland Use 81,505 659,594
M Wildfire 1,489,886 504,654
O Agricultural 34,571 34,590
[ N-F Rangeland 15,454 18,643

« Wildfire and wildland fire use, “Natural fires”, are the
largest sources of smoke, especially in the western
United States.




