NO,-initiated oxidation of plant emissions as a source of secondary organic aerosol:
Speciated BVOC yield parameterization and policy implications
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(Major results ) fChamber experiment results ) (How much could this NO, + BVOC source add to U.S.\
+ Chamber experiments show widely varying but strong (0 — 64%) aerosol formation SOA growth rates reqional climate fOI’CiI"ICl?

from NO, + BVOC.

+ This variation likely indicates unappreciated regional variation in radiative forcing.

« Future GIS-based work will determine NO,-BVOC SOA production “hot spots” based
on existing tree cover and NOx point source.

« Findings inform regulatory policy regarding sites and operation of NOx point sources.
Existing tree stock may determine location of new point sources, while both new and
existing sources may benefit from planting specific tree species.

Background

NO, radical provides a mechanism by which NOx can enhance the sink of BVOC (biogenic volatile

Rough i of ial importance ° Pye etal. (2010, left) estimate up to 100%
increase in regional surface-level aerosol from
oxidation of terpenes when including the NO,
oxidation pathway. This analysis uses a 26%
mass yield of SOA for all terpenes when
oxidized by NO;.

« Based on studies reported here, varying
BVOC could result in actual yields from zero
(where a-pinene dominates), to double this

« Conducted a series of chamber
experiments with ~ 50ppb and
~10 ppb (also ~ 1 ppb limonene)
of each BVOC + NO,; observed
oxidant decay, organic nitrate
production and evolving aerosol
size distribution
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NO, decay to determine hydrocarbon reacted in each time step. Limonene appears to yield
lower-volatility products than B-pinene."
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€ Anthropogenic contributions to aerosol
radiative forcing is understood to cause an
overall cooling influence, but the magnitude is
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Current conditions and policy
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50, 51, 52, 53 and 58]. - - sabinene 7% £ sabinene, T stotoy s
Energy Information Administration, Anifiial HI A-carene and line (interstate) source; estimate
Method Energy Outlook, 2013 B-caryophyliene 64% = 1 B-pinene' limonene, SOA sources based on monoterpene
ethods a-pinene 0% g0 ’ . mix in buffer.
. : £ o 2% aoxB-canygphylleng,
NCAR community lab chamber experiments Farina etal JGR 2010, | 12% a-pinene i . N . N o
p SOA mas ield Implications and policy considerations
Chamber and flow tube experiments: Sept-Nov, 2011 Pye ot al ACP 2010, NO, | 26% o o womr . Cooling effect of ity in & p it of " "
Measuring SOA formation from NO, + BVOCs +all terpenes S?A§65K"d ooling effect of variability in terpenes offers a new point of Potentially Regulated Entities
b d at MFO . i : N > . L "
observed a Pathak ot al AGP 2007 O; | 32% Wide range o C mass yields information in decisions to site and operate sources of NOx. QStationary Point Sources
+ a-pinene + Not correlated with growth rate * Planting tree species that produce terpenes with the optimal o 0
Chamber results show that while the SOA yield from NO, + B-pinene, 27%, is in mid- reactivity with NOx emissions to mitigate radiative forcing. Qo
range of observed aerosol yields from NO; + BVOC, the range for other BVOC is wide, « Locations for power plants should consider existing or er
apinene ppinene  Acarene  lmonene from a low of 0% for a-pinene to a high of 63-64% for limonene and B-caryophyllene. As potential for new tree cover in combination with strength of ~ QMobile Point Sources [i.e. vehicles]
shown in the table at left, global modeling studies typically employ a single yield for NO3 + NOx emissions and scientific data regarding wind plume. QExisting vs. New
all monoterpenes, which in the case of Pye et al (shown in the column at right) is based « Other known, reliable NOx sources [roads] could be . .
on previously measured yields for B-pinene. This yield number makes the modeled NO; + buffered with appropriate terpene-emitting biomass. Potential Environmental Impacts
monoterpen r mparable to ozonolysis of a-pinene. - . " > i
Bcaryophyllene o ('J erpene sou c? comparable 0_0 onolysis o a»p ene o . . « Implications with regard to urban reforestation efforts — type > Cooling
Fry, J.L., et al., “Secondary organic aerosol formation from _NO3 oxlda!]on of biogenic of trees chosen for planting could have NOX reduction effect. >Local and global
In a series of chamber expeiments, 10 or 50 ppb of each BVOC were added to the (darkened) chamber, which was filled hydrocarbons: Chamber studies at low total aerosol mass,” in preparation, 2013.
initially with similar concentration of NO, / N,05 in equilibrium, supplied via calibrated flow over an N,O dry ice trap and N . i - i ider >Additi i
measured in the chamber via cavity ringdown speciroscopy. In continuous flow mode (40 Ipm total flow) , size-resolved Acknowledgements: These chamber studies were sponsored by the NCAR ASP pS;E:’art'erah?o‘::'gguarg::it:f:e':?am;d; :;‘&sn‘fxlzgsﬁﬁ:r >Additional carbon sinks
particle formation is monitored over the following 5 to 12 hours (chamber turnover time ~ 4 hours) by scanning mobility particle i it il "’ N > i il
sizer (SMPS), enabling analysis of both bulk mass yield as a function of BVOC reacted and particle growth rates. Faculty Fellowship and CIRES Visiting Fellowship program. Many thanks to are made based upon rate of growth and potential >Offset other ecological footprint of

) Qollaborators Jim Smith, Danielle Draper, John Ortega, and Steve Brown. ) \marketability of tree for other uses. coal and natural gas mining

\_




