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Biomass Burning Smoke:

What is it and where does it come
from?

Amara Holder, PhD
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Smoke is everywhere
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Wildfire smoke has given New York the world’s
worst air quality. Californians have some tips
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Adapted from https://www.nifc.gov/fireinfo/fireInfo_stats_totalFires.html
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What is biomass burning smoke?

Brian McCaughey, Hoopa Valley Tribe EPA

A complex mixture of
major combustion
products carbon
dioxide (CO,), water
(H,0), carbon
monoxide (CO), and
fine particulate
matter (PM, ;)

There is also a wide
range of hazardous air
pollutants:
- Volatile organic
compounds (VOCs)
- Semi-volatile organic
compounds (SVOCs)
o Trace level toxics



What is the overall PM, c trend in the US?

Annual PM, . emissions
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What are the trends for smoke?

Annual PM, . emissions
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What are the trends for smoke?

Annual PM, . emissions
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What are the trends for smoke?

Annual PM, . emissions
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What are the trends for smoke?

Annual PM, . emissions
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Biomass burning emissions vary through the year
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Fuel characteristics and combustion conditions
determine emissions
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Example of most abundant gases emitted
from burning of western conifers
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Large number of gases emitted from biomass
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* VOC emissions are dominated by oxygenated
compounds

* Emissions depend on combustion conditions

Permar et al. 2021 doi:10.1029/2020JD033838



Wide range of semi and intermediate volatile
compounds
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Biomass burning particles are also complex
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Fuel Type mass fraction

Alaskan duff core 2 I

Alaskan duff core I

Longleaf pine II

Dry Douglas fir 2 | I

Rice straw - I B KCI

LL pine & wiregrass ll KZSO4

Oak & hickory 1 B NG

Dry Douglas fir . 3

Black needlerush 2 . Il O N H4CI

Black needlerush . . NaCl

White spruce .. (N H4)ZSO4
Rhododendron l . H A|203

Wiregrass I - CaO

Sugarcane - I. B Black Carbon
Sagelyush - Hl Organic Material

Miss. palmetto

B Excess lons

Black spruce

Florida palmetto

Chamise

Gallberry
Levinet al. 2010 0, doi:10.1029/2009JD013601

Wildfire Smoke Size Distributions

Long range transport
(dashed lines)

Regional smoke events
16 000 (solid lines)

14 000 -
12000 -

£10000

S—

c

co
o
o
o

6000 |

dN/dlogDp

4000 -

2000

- -
aaaa

60 80 100 200 300 400 600
Electrical mobility diameter (nm)

20 30 40

Laing et al. 2016 doi:10.5194/acp-16-15185-2016



Ash is also a concern for wildfires
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Wildfires are also burning structures in the wildland
urban interface (WUI)
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Method to estimate structure fire emissions
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Recent wildland urban interface fires emit
substantial amounts of toxic compounds
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Metals may be an emissions fingerprint for burning
structures
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_ooking forward, what are the research needs for
niomass burning inventories?

* Improved activity and emissions data:

o Comprehensive prescribed fire reporting to keep pace with expected large increases in prescribed
fire programs

o Information on residential wood combustion activity such as types of devices, wood species and
condition, duration and type of operation

o Information on real-world residential wood combustion emissions
o Update inventories to reflect recent research on wildfire emissions

* Accounting for WUI fires in hazardous air pollutant inventories

* More chemical speciation data for all sources/conditions especially for
hazardous air pollutants (even at trace level)

Better understanding of the climate impacts on biomass burning activity,
emissions, and feedbacks



Camp Fire— 11/10/2018

In summary

* Biomass burning emissions are a major
source of air pollution

* Wildfires, prescribed fires, and woodstoves are
the predominant sources of PM, < in the US

* Wildfires are increasing in magnitude as is their
contribution to US emissions

* Climate change is expected to alter global
wildfire patterns

* Biomass burning emissions are a complex
mixture

* Emissions are dominated by oxygenated organic g

molecules 2o
* PMis primarily <1 um and organic, with a wide

variety of trace elements o~

* Wildland urban interface fires likely emit more
toxic compounds than vegetative fires

~ " Boaggioetal. 2022 doiorg/10.1021/acs.est.2c0209¢
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