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Abstract. We quantify the hygroscopic properties of parti- 1 Introduction

cles freshly emitted from biomass burning and after several

hours of photochemical aging in a smog chamber. Values of o _ o

the hygroscopicity parametar, were calculated from cloud Biomass burning is a major source of aerosol emissions glob-
condensation nuclei (CCN) measurements of emissions frondlly (Andreae et al., 2004; Crutzen and Andreae, 1990).
combustion of 12 biomass fuels commonly burned in North These aerosols have the potential to activate to form cloud
American wildfires. Prior to photochemical aging, tke droplets and therefore impact cloud properties and climate.
of the fresh primary aerosol varied widely, between 0.06 Biomass burning also emits a large amount of water vapor
(weakly hygroscopic) and 0.6 (highly hygroscopic). The hy- and has the potential to form pyro-cumulus clouds with rela-
groscopicity of the primary aerosol was positively correlated fively high supersaturation conditions (Reutter et al., 2009).
with the inorganic mass fraction of the particles. Photochem-Atmospheric modeling has shown that biomass burning is
ical processing reduced the rangacofalues to between 0.08 @n important global source of CCN (Pierce et al., 2007;
and 0.3. The changes inwere driven by the photochemical SPracklen et al., 2011). Given the potential importance of
production of secondary organic aerosol (SOA). SOA alsoCCN from biomass burning it is critical to understand their
contributed to growth of particles formed during nucleation hygroscopicity and how it evolves in the atmosphere.

events. Analysis of the nucleation mode particles enabled Early work demonstrated that in high supersaturation
the first direct quantification of the hygroscopicity parame- (> 0.5 %) conditions biomass burning aerosols can be effec-
ter « for biomass burning SOA, which was on average 0.11,tive CCN (Warner and Twomey, 1967; Hobbs and Radke,
similar to values observed for biogenic SOA. Although ini- 1969; Eagan et al., 1974). More recent research has shown
tial CCN activity of biomass burning aerosol emissions arethat some biomass burning aerosols can activate at supersat-
highly variable, after a few hours of photochemical process-urations as low as 0.05 % (Rogers et al., 1991), which would
ing k converges to a value of 0220.1. Therefore, photo- b€ more typical of a stratiform cloud.

chemical aging reduces the variability of biomass burning Laboratory experiments have been performed to investi-

CCN «, which should simplify analysis of the potential ef- 9ate the CCN activity of primary biomass burning aerosols
fects of biomass burning aerosol on climate. emitted during the burning of a wide range of fuels (Petters et

al., 2009; Dusek et al., 2005; Novakov and Corrigan, 1996).
Petters et al. (2009) observed highly variable CCN activity
of primary aerosol emitted from the combustion of over 20
vegetation types. This variability creates a challenge for re-
gional and global modeling of CCN concentrations. How-
ever, biomass burning aerosols evolve in the atmosphere, po-
tentially altering the hygroscopic properties of the particles
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Table 1. Experimental details.

Burn Fuel Primary Aged Nucleation Initial Org. Mass OA Mass Enhancement Literature
Numbef «P «© Modex Fraction Rati§ K®
37 Lodgepole Pine 0.09 0.09 0.062 0.94 16.2 -
38 Lodgepole Pine 0.10 0.11 N/A 0.90 2.7 -
40 Ponderosa Pine 0.10 0.21 0.223 0.95 10Mm1 0.06
42 Wire Grass 0.36 0.10 0.099 0.48 26.3 0.19
43 Saw Grass 0.39 0.17 0.097 0.35 2.6.3 -
45 Turkey Oak 0.22 0.11 0.106 0.51 8.3 0.14
47 Galberry 0.06 0.10 0.148 0.88 2.5 0.09
49 Sage 0.50 0.17 0.115 0.32 £®.1 -
51 Alaskan Duff 0.07 0.07 0.097 0.90 H2D.1 0.09
53 Sage 0.58 0.27 0.115 0.35 0.1 -
55 White Spruce 0.10 0.12 0.095 0.76 £0.1 -
57 Ponderosa Pine 0.11 0.14 N/A 0.94 #.0.1 0.06
59 Chamise 0.36 0.18 N/A 0.22 190.2 0.33
61 Lodgepole Pine 0.11 0.16 0.099 0.94 1a.2 -
63 Pocosin 0.09 0.09 0.098 0.60 8.4 -
65 Galberry 0.08 0.15 N/A 0.90 0470.1 0.09
66 Black Spruce 0.07 0.09 0.097 0.85 29.0 0.07
67 Wire Grass 0.29 0.18 0.109 0.62 0.1 0.19

@ Numbering convention used during the FLAME-III study.
b Average of 0.26 % and 0.43 % supersaturation measurements.
¢ Average of 0.26 % and 0.43 % supersaturation measurements. Approximately last 30 min of data.

d From Hennigan et al. (2011).
€ From Petters et al. (2009). Literature results reported for similar fuels where available. Experimental procedures and inversion techniques differ.

(Reid et al., 2005). The atmospheric processing of biomassire described by Hennigan et al. (2011). Briefly, a small fuel
burning emissions can create substantial amounts of secsample (0.3-1 kg) was burned in the FSL combustion cham-
ondary organic aerosol (SOA) (Reid et al., 2005; Yokelsonber; after the burn was completed, emissions were transferred
et al., 2009; DeCarlo et al., 2010; Hennigan et al., 2011). Ininto a 7 n? Teflon smog chamber via ejector diluters (Dekati,
addition to the production of new organic mass via gas-to-Finland) and a stainless steel transfer line heated tC40
particle conversion, the POA undergoes chemical processingjector diluters added conditioned dilution air (dried, HEPA-
that significantly alters its chemical and physical propertiesand activated-carbon filtered) creating a final dilution of ap-
(Capes et al., 2008; Hennigan et al., 2010, 2011). The changeroximately 25 1 relative to the FSL combustion chamber.
in CCN activity as a result of atmospheric processing andinitial aerosol concentrations in the smog chamber ranged
condensation of SOA onto primary combustion particles re-from 13-85 pg m3. After filling, the hygroscopic properties
mains an open question. of the primary aerosol emissions inside the chamber were
This work investigates the CCN activity of fresh and pho- characterized for 90 min in the dark. Photo-oxidation was
tochemically aged emissions from the combustion of fuelsthen initiated by exposing the chamber to UV lights and,
with importance for wild land fires and prescribed burns weather permitting, to ambient sunlight. The UV bulbs used
across North America. in this study were GE model 10526 with their emitted spec-
trum peaking at 368 nm. The ambient spectrum is broader
than the spectrum generated from UV bulbs. The fire emis-
2 Experimental methods sions were photochemically aged for 3—4 h, which gener-
ated plume-relevant OH levels (total exposure ranging from
Smog chamber experiments were carried out to investi-1.4—8.2x 10 molecules cm®s), to investigate the effects
gate the effects of photochemical aging on emissions fronmof photochemistry on aerosol CCN properties.
biomass fires simulated at the US Forest Service Fire Sci- A full suite of instrumentation located in the CMU mo-
ence Laboratory (FSL) in Missoula, MT as part of the Third bile air quality laboratory (Presto et al., 2011; Hennigan et
Fire Lab at Missoula Experiment (FLAME-III) study. A to- al., 2011) monitored the evolution of gas- and particle-phase
tal of 18 smog chamber experiments were conducted withspecies inside the smog chamber. A quadrupole aerosol
emissions from 12 different fuels collected from different re- mass spectrometer (Q-AMS, Aerodyne) was used to mon-
gions of North America impacted by wildfire and prescribed itor the chemical speciation of the non-refractory aerosol
burning activity (Table 1). Details of the experimental setup
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components. This provided the mass of organic aerosol aactivated fraction of 1, likely due to non-activating particles,
well the extent of oxygenation. High-volume filter samples the curve was scaled to 1 prior to determination of the activa-
collected in the FSL combustion chamber were analyzedion diameter. The activation diameter was calculated as the
for organic carbon (OC), elemental carbon (EC), and inor-diameter corresponding to the 50 % point on the sigmoid.
ganic ions to provide primary aerosol chemical composition The CCN counter supersaturation was calibrated using
(McMeeking et al., 2009). An aethalometer (Magee Scien-size-classified ammonium sulfate aerosol following the pro-
tific model AE-31) was used to measure black carbon con-cedure of Rose et al. (2008) and Engelhart et al. (2008).
centrations. Kohler calculations for the effective supersaturation assumed
CCN concentrations were quantified at a range of superthe surface tension and density of water and a temperature
saturations (0.26—0.76 %) with a continuous flow streamwiseequal to the average of the top and bottom temperatures of
thermal gradient CCN counter (Droplet Measurement Tech-the column in the CCNC. The van't Hoff factor was deter-
nologies, operated at a sheath to aerosol ratio of 10: 1 withmined from a Pitzer model as a function of diameter. Full
a total flow of 0.5Ipm) and a condensation particle countercalibrations (supersaturations between 0.1 and 1.5 %) con-
(CPC model 3772, TSI). Prior to analysis with the CCN ducted before, in the middle, and after the last experiment
counter, the particles were charged with a Kr-85 neutralizerwere indistinguishable. Daily checks on the calibration were
(TSI, 3077a) and size selected with a scanning mobility par-conducted at the supersaturations of interest (typically 0.26,
ticle sizer (SMPS model 3080, TSI). Due to the fractal na-0.43, and 0.76 % supersaturation).
ture of burning emissions, aerosols were preconditioned by
humidification in a warmed volumetric flask and subsequent3.2 Hygroscopicity theory

drying with a silica gel dryer (Chakrabarty et al., 2006; Pet- , . .
ters et al., 2009). The intention of this pre-treatment was to-tters and Kreidenweis (2007) proposed a hygroscopicity

collapse the fractal particles into spherical particles whichParameterizationg, derived from Kohler theory, to describe

can be more accurately sized by the SMPS. A single acti{n® observed CCN activity of aerosol:

vation curve was gathered in 2.25min with a 120 s upscan D3_ p3 dowiM
and a 15s downscan. The SMPS was operated with sheatfy p) = %ex <M) (1)
and aerosol flows of 10 and 1.5 Ipm, respectively, measuring D3 — D§(1—«) RTpwD

a size range from 8 to 290 nm. _ _ ) )
whereD is the diameter of the dropleRy is the diameter of

the dry solutes is the supersaturatioss, is the surface ten-
sion of the solution/air interfacé/{,y is the molecular weight
of water, R is the universal gas constapty is the density of
water, andr’ is temperature.

For submicron CCN with a substantial soluble fraction,

Activation diameters were determined by scanning mobility can be determmgd from knowledge (?f the critical supersatu-
CCN analysis (SMCA, Moore et al., 2010), a fast method for "ation and activation diameter of particles as,
measuring size-resolved CCN. Briefly, a Differential Mobil- 443

ity Analyzer (operated in scanning voltage mode) was used = P

to create a monodisperse aerosol population, which was then 27Dg4In" S,

concurrently introduced into the Streamwise Thermal Gradi- Moo _ _
ent CCN Chamber (STGC, Roberts and Nenes, 2005) and WhereA = =772, andog/a is the surface tension of the so-
CPC without dilution air. The concentration time series from |ution/air interface ¢s/a = 0.072J n2 andT = 298 K).

both instruments (CPC and STGC) is generated from instru- For multicomponent systems the overall kappa is defined
ment counts normalized by flow rate and aligned in time by a simple mixing rule:

based upon the minimum achieved in the transition between

the SMPS upscan and subsequent downscan. The compar— Zeiki ()
ison of these synchronized time series yields the activated i

particle fraction (i.e., fraction of particles that act as CCN) a.swheresi is the volume fraction of the individual component,

a function of dry mobility diameter and supersaturation. Nei- . andx: is the hvarosconicity parameter for the individual
ther the SMPS nor the CCN concentrations were corrected’ ! Y9 piciy P

for multiple charge effects in the beta version of SMCA used component.

in this analysis. The relative uncertainty from neglecting the

multiple charges is approximately 3—4 % in internally mixed 4 Results and discussion

particles (Rose et al., 2008; Moore et al., 2010). The activated

fraction versus dry mobility diameter was fit to a sigmoidal Figure 1 shows a representative time series of particle
curve. If the asymptote of the larger particles did not reach armass (estimated from SMPS volume concentration assuming

3 CCN analysis and theory

3.1 Activation diameter calculation

@)
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Fig. 1. Measured aerosol mass and number concentration versu K
time for a typical experiment (Turkey Oak, burn 45). The results
have not been corrected for losses to the walls. The particle numbe
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increases during a strong nucleation event in all experiments shortl  Backspruce
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concentrations from the experiment conducted with Turkey PonderosaPine 2
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Oak emissions (burn 45). The particle mass and number cor  Turkey ce
centrations increased rapidly as the smog chamber was fille e ge?
with exhaust from the burn chamber. After filling, the smog hamise
chamber was sealed and the primary aerosol number an Sge

mass concentrations decreased due to deposition to the chai ez S o1 02 03 04 05 0

ber walls. The organic component of this initial, fresh aerosol
is considered POA for the purposes of this study. The primary
emissions have both a carbonaceous component (POA arflg. 2. Kappa values for each fuel given for primary aerosol (blue
elemental carbon) and an inorganic component. After aboubars) and aged (average of final 30 min) aerosol containing both
a 90 min period to characterize the fresh aerosol, the chambdlimary and secondary organic aerosol (red beppS=0.26 %
was exposed to ultra-violet light (time 0), which dramatically (?) SS=0.43%. Blue and red error bars indicate one standard de-
increased particle number due to new particle formation in_watlon in activation dlametgr reflected in kappa values for primary
duced by photochemical processes. This phenomenon waasnOI aged aerosols, respectively.

observed in essentially every FLAME-III aging experiment

(Hennigan et al., 2012). During the photo-oxidation period g5 most experiments, the values measured at 0.26 and
the suspended mass increased slightly due to production ¢ 4394 supersaturation were quite similar, indicating a ho-
secondary organic aerosol (SOA), despite the loss of partideﬁmgeneous chemical composition with size. For example, a
to the walls. The SOA production was quantified by changesjnear regression of 18 paired sets«ofalues measured at

in the organic aerosol-to-black-carbon ratio (Hennigan et al.g 26 and 0.43 % yields a slope1.01, intercept 0.003, and
2011); the OA mass enhancement ratio from Hennigan efg2 _ 0 97, In a few experiments, there were differences in

al. (2011) for each experiment is listed in Table 1. A ratio y1yes measured at different supersaturations. For example,
of 1 indicates that photo-oxidation produced no new aerosol, the second experiment conducted with wire grass emis-
mass; a ratio of two indicates that SOA production doubledgjgng (burn 67), the measuredvalues were 0.33 and 0.25
the OA mass; a ratio below 1 indicates evaporation of organic; 9 26 9 and 0.43 % supersaturation, respectively. This may
material. Overall, photo-oxidation resulted in highly variable jngicate variable aerosol chemical composition as a function
SOA production across the entire set of experiments (Henniys si7¢ as the higher activity at lower supersaturations may be
ganetal.,, 2011). due to a higher concentration of inorganics at larger particle
sizes. We could not explain the variation in kappa by varia-
tions in the dilution. The variation in kappa was not consis-
tently higher at one supersaturation something that would be
Sxpected if evaporation in the CCN counter was causing an
experimental bias. We measured the volatility of the parti-
cles with a thermodenuder and their evaporation at the CCN
(iounter conditions was negligible.

K

4.1 CCN activity of fresh biomass burning particles

Initial CCN hygroscopicities of the primary aerosol were
measured after filling but before the chamber was exposed t
UV lights. « values of the primary aerosol ranged from 0.06
to 0.6 as shown in blue bars in Fig. 2 for 0.26 and 0.43%
supersaturations. These data are also presented in Table

Atmos. Chem. Phys., 12, 7285293 2012 www.atmos-chem-phys.net/12/7285/2012/
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signal measured with the Q-AMS.

The grasses (saw grass and wire grass) as well as sage hago increasing as thg was increasing making the separa-
the highest primary values whereas the evergreens (Pon-tjon of the two effects (inorganic content and hygroscopicity
derosa Pine, Lodgepole Pine, White Spruce, Black Spruceyf the POA) on the total hygroscopicity of the particles diffi-
had the lowest. This trend is consistent with CCN data f0r0u|t_ Laboratory (Enge"‘]art et al., 2008; Massoli et al., 2010)
similar fuels measured during FLAME-II, where the primary and field (Chang et al., 2010) studies that have observed an
aerosol CCN activity ranged from«avalue of 0.06 for Pon-  increase in the hygroscopicity of organic aerosol as it be-
derosa Pine to & value of 0.7 for Saw Grass (Petters et al., comes more oxidized. However, other laboratory work has

20009). not found a trend linking: to oxygen to carbon molar ratio
The variation in initial CCN activity was largely due to the ¢ to fa4 (Frosch et al., 2011).

inorganic component of the primary aerosol. The aerosol or-
ganic mass fraction was calculated as the ratio of the Q-AM$4.2  CCN activity of aged biomass burning particles
organic mass to the sum of the total Q-AMS non-refractory
aerosol mass plus black carbon. This value agreed well withAfter the primary characterization period, the chamber was
data from high volume filter measurements collected to charexposed to UV light to initiate photo-chemistry. Aerosol,
acterize the primary aerosol in the FSL combustion chamrace gas, and oxidant concentrations inside the chamber
ber. Figure 3 plots the primary aerogohs a function of the  were comparable to conditions inside dilute biomass burning
organic mass fraction. There is a clear relationship betweemplumes, suggesting that the timescale for transformation in
these two parameters: as the organic mass fraction increasesr experiments are comparable to those in ambient plumes
the value of the primary aerosol decreases, consistent witi{Hennigan et al., 2011).
the results of Petters et al. (2009). This is qualitatively due to Time series of measured activation diameter from two ex-
the mixing rule (Eg. 3) and the fact that inorganic compoundsperiments are plotted in Fig. 5 to illustrate common responses
have significantly highet values than organics (Petters and of the CCN activity of biomass burning aerosol to photo-
Kreidenweis, 2007). More complete inorganic sizing infor- oxidation. In the sage experiment, photo-oxidation dramat-
mation is required to test the mixing rule quantitatively. ically increased the activation diameter, indicating the aged
Although the inorganic fraction appears to be the most im-aerosol became less CCN active. In the ponderosa pine ex-
portant factor in primary aerosol hygroscopicity, there is alsoperiment, photo-oxidation decreased the activation diameter,
a relationship between the primary aerosol kappa and the exndicating that the aging made the aerosol more CCN active.
tent of oxygenation of the POA. Figure 4 shows a trend of Figure 2 depicts the changesrdue to photo-oxidation for
increasinge for the total primary aerosol (inorganics + or- all fuels at both 0.26 % and 0.43 % supersaturations. The red
ganic aerosol + elemental carbon) with increasfaigmea- lines in Fig. 2 correspond to the averageneasured at the
sured in the Q-AMS f44 is the fractional contribution of the end of the photo-oxidation period; these data are also pro-
mass-to-chargern(/z) 44 ion (primarily the Cq ion) to the  vided in Table 1. The trends shown in Fig. 5 were observed
total organic concentration measured in the AMS. It is re-consistently across the set of experiments. In experiments
lated to the O: C ratio of the organic aerosol (Aiken et al., with high CCN active primary aerosol, photo-oxidation re-
2008). However, the inorganic fraction of the particles wasduced the CCN activity of the emissions. In experiments with

www.atmos-chem-phys.net/12/7285/2012/ Atmos. Chem. Phys., 12, 728893 2012
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saturation. Trends for other supersaturations are similar. Circles ancg 03
triangles denote replicate experiments. The shaded regions are prc™ 92
vided to guide the eye. 0L

0.05-0.15 0.15-0.25 0.25-0.35 0.35-0.45 0.45-0.55 0.55-0.65

initially less CCN active particles, photo-oxidation increased o | Nucleation Mode ©
the CCN activity of the aerosol. 08
Figure 6 shows histograms ef values for the primary 0.7
aerosol (Fig. 6a) and the aged aerosol (Fig. 6b) for all s gg ]
of the fuels investigated. For reference, pure ammonium § 4,
sulfate particles = 0.61, Petters and Kreidenweis, 2007) 3 03 |
would be in the far right-hand bin and laboratory SQAx{ 5 gi ]
0.1, Prenni et al., 2007) would be in the first or second o 1

bins in Fig. 6. The narrower distribution af for the aged 0.05-0.15 0.15-0.25 0.25-0.35 0.35-0.45 0.45-0.55 0.55-0.65

aerosol (Fig. 6b) demonstrates that photo-chemical process
ing causes the CCN activity of the biomass burning aerosol

to converge to values typical of laboratory generated SOAFS- 6. Histogram of measured kappa valugs) fresh emissions;
(Prenni et al., 2007). (b) aged emissions; an@) nucleation mode aerosol (SOA). Data

. . . . for 0.26 and 0.43 % turati h f i d d
The convergence of with photo-chemical aging in our or an > Slpersaturation are S1ownor prmary anc age

. . . . - distributions. For the nucleation mode data for 0.76 % supersatura-
chamber experiments is consistent with ambient measure;

fion is shown.

ments of CCN activity in biomass burning plumes where
kappa values show much less variability than the primary
emissions (Petters et al., 2009). One study of ambient The most significant changes towere observed in ex-
aerosols in China near an area of active biomass burningeriments with high initial inorganic mass fractions (Fig. 7).
found that using a campaign averagealue (0.3) and mea-  The production of SOA can dramatically reducealues in
sured size distributions predicted CCN number concentrathege systems since tkeof organics is generally far lower
tions on average within 20 % of measurements (Rose et althan that of inorganics (Petters and Kreidenweis, 2007). In
2010). This was despite the measukedalue range of 0.1~ some experiments with large reductionsirthe data cannot
0.5. Additionally, ambient measurements of aerosol plumeg,g explained solely by changes in aerosol composition. For
transported to Alaska showed a low variance value (0.1~ example, in the first experiment with sage emissions (burn
0.3) despite chemical compositions ranging from biomass49), photo-chemical aging caused a reduction from 0.49
burning plumes to pristine sea ice boundary layer air (Mooreyg 0.16 but SOA formation only increased the total organic
etal., 2011). aerosol mass by 30% (i.e., an OA mass enhancement ratio

There are several factors which contributed to the converyf 1.3 Table 1). This suggests that some of the reduction
gence ofc with photo-chemical aging. Since theofamul- i, may have been caused by changes in the aerosol size
ticomponent aerosol system is a weighted average ok the gjstribution. Essentially, SOA formation increases the parti-
values of the individual components (Eg. 3), the productiongle sjze, growing some of the inorganic material outside of
of SOA mass can result in significant changes to the overalthe size region of the CCN activation measurements (290 nm
aerosok. In addition, SOA production and new particle for- ypper size limit). The value of the aged aerosol distribution
mation caused by photo-oxidation can dramatically changqlo_zgo nm) was also heavily impacted by new particle for-
the aerosol size distribution. mation, since the growth of these new particles was driven

k Range

Atmos. Chem. Phys., 12, 728%293 2012 www.atmos-chem-phys.net/12/7285/2012/
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0.3 L L L L L diverse array of fuels suggests that the averafyg biomass
e burning SOA from our study (approximately 0.1) can be ap-
7 027 - plied for modeling applications.
L 014 o L In experiments where the primary aerosol had a high ini-
Q tial organic mass fractiony80 %), the behavior of the pri-
\2’ 0.0+ o ° % - mary aerosol is dominated by the organic aerosol (POA) con-
£ o1 | tent. The addition of SOA mass did not produce significant
“Cc’,, ' o Co changes ta in these experiments suggesting that the hygro-
8 0.2 o - scopicity of the POA and SOA were similar (Figs. 2 and 7).
© S} ° For example, in the experiment with black spruce (burn 66),
037 e i where the initial organic aerosol mass fraction was 85 %, the
04 | | | | | production of SOA nearly tripled the organic aerosol mass
00 02 04 06 08 10 but the primary and age« values were 0.07 and 0.09 (Ta-
Fresh POA Mass Eraction ble 1), respectively. The of the black spruce SOA was

0.097, which led to the modest increaseciffior the photo-
Fig. 7.Change inc value after 3.5-4.5 h of photochemical aging vs. chemically aged aerosol. The averagef primary aerosol
the organic mass fraction of the primary aerosol. for fuels with high initial organic mass fractios-(80 %) was
0.089 ¢ = 11), which is close to the value of 0.103 deter-
mined for the SOA from the analysis of the nucleation mode.
almost entirely by SOA formation (Hennigan et al., 2012).
Thus the combination of SOA condensation onto the nucle- )
ated particles and the growth of some primary particles outof ~Conclusions

the size range relevant for CCN activation likely contributed . o - .
o . L . ; In this study, we have quantified the hygroscopicity of pri-
to the significant decreaseidrfor fuels with high primary in- . )
. ) mary and photo-chemically aged aerosol from biomass burn-
organic aerosol content. Conversely, while the changes were

L : . ; Ihg emissions. The values of primary aerosol were highly
more subtle for fuels with high organic content in the primary variable, ranging between 0.06 (weakly hygroscopic) and
aerosol, the difference between thef the photo-chemically ' ging ' y Yo P

generated organic aerosol and the POA drove a change ig'G (highly hygroscopic). The hygroscopicity of the primary

the CCN activity. The more oxidized SOA typically led to aerqsol was mversel_y reIate_d to the organic fract!on of the
. . L ; C particles demonstrating the importance of inorganic compo-

an increase in CCN activity for the heavily organic primary . g

2610S0IS nents on the primary aerosol hygroscopicity.

Photo-oxidation induced significant new particle forma- Photochemical processing reduced the variabilitycin

tion in essentially every experiment (except for burn 59’causmg it to converge to 0.1-0.2. The change ias most

. . ronounced for systems that had high inorganic aerosol mass
Chamise). The nucleated particles often grew and becam factions, demonstrating the importance of SOA in alterin
CCN active at the higher supersaturations (0.43% an ' 9 P 9

0.76 %) by the end of the photo-oxidation period. Since this he chemical and physilcal prope.rt'les of aerosols in the gtmo
: . sphere. For aerosol with high initial organic mass fractions,
growth was dominated by SOA formation, CCN measure- L . ; -
the change ir with photochemical aging was small, indicat-

ments on the nucl_eatlon mode provu_je estlmates_of the .hying similar« values for the SOA and POA in these systems.
groscopic properties of SOA from biomass burning emis-

sions. The nucleation mode SOAwas not determined in This was confirmed by separate quantification of the hygro-

4 experiments for three reasons: lack of measurement infor—SCODICIty of particles generated in situ during the experiments

mation at the higher supersaturations, lack of growth into thedue to photo-chemical processes. These new particles nucle-

. : : L . ated and grew due to the condensation of SOA, and thus, we
measurable size window, or insufficient particle concentra-

. . . . S . directly quantified« for biomass burning SOA. The for
tion late in the experiment to determine the activation diam-_. . . ;
: . . biomass burning SOA was highly consistent across our ex-
eter. Figure 6¢ presents a histogramcofalues determined . .
. : . : periments, and had an averagealue of approximately 0.1.
from analysis of the nucleation mode in 14 experiments (Ta- - X ;
) ) . Overall, these results indicate that the otherwise diverse
ble 1). Excluding the ponderosa pine experiment (burn 40), : : .
. . CCN properties of biomass burning may converge to a more
the average biomass burning S@Avas 0.16t 0.02 (mean e o S
O T similar activity after a few hours of photo-oxidation at atmo-
+0). This is similar tox values observed for monoterpene spherically relevant conditions. This is significant for mod
SOA generated in laboratory experiments (Engelhart et al. b y i 9

2008, 2011; King et al., 2010). Thefor the ponderosa pine klling studies as this is an indication that the otherwise very

(burn 40) SOA was much higher than that measured in anydlverse CCN pl’Op'EI:tIES .Of biomass bqrnmg may converge to
more similar activity with atmospheric processing on short

other experiment. To our knowledge, this represents the firs ime scales
direct quantification of values for biomass burning SOA. '
The similarity ink values observed for SOA generated from a
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