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Abstract. Aged smoke from a prescribed fire (dominated for the aged fire plume to help better understand evolution of
by conifers) impacted Atlanta, GA on 28 February 2007 wood smoke emission and for use in source impact assess-
and dramatically increased hourly ambient concentrations ofment.
PMy5 and organic carbon (OC) up to 140 and#@m2,
respectively. It was estimated that over 1 million residents
were exposed to the smoky air lasting from the late after- )
noon to midnight. To better understand the processes im® Introduction
acting the aging of fire plumes, a detailed chemical specia: . ) S . : . :
fion o?carbogacgeous aeprosols was conducted by gas Chra/_\nldland fire (wild fire and prescribed burning) is esti-

matography/mass spectrometry (GC/MS) analysis Ambi-mated to contribute about 20% of total fine particulate matter
ent concentrations of many organic species (Ievoglucosan(,PMz-E') emissionsin the Ur,“ted States (EPA, 2000). In 2006,
resin acids, retene;-alkanes andi-alkanoic acids) associ- a total of 96 385 wildland fires were reported to burn 39 958

ated with wood burning emission were significantly elevateg>duare kilometers, 125% above the 10-year average (NIFC,

on the event day. Levoglucosan increased by a factor of 10?007);1 Ar_nrc]) ng thes_ke)z fgr?sts, 11h(_)1hO_sqlu6egg k|Iomete|>(r_|s were
while hopanes, steranes, cholesterol and major polycycliéreate with prescri ’e Ires, which 15 square Kilome-
aromatic hydrocarbons (PAHs) did not show obvious in- ters above last year’s total and is the second highest since

creases. Strong odd over even carbon number predominanéeq98 (NIFC, 2007). Such large and increasing emission con-

was found fom-alkanes versus even over odd predominancet”b”t'ons are of concern to air quality managers, particularly

for n-alkanoic acids. Alteration of resin acids during trans- in areas near or above the applicable air quality standarc_is.
port from burning sites to monitors is suggested by the obser!:Or ex_ample, the prescnbeql f|res_on 2.8 F_ebruary 2007 in
vations. Our study also suggests that large quantities of biogeqrg|a and later the Georgla-FIorlda wildfires 'aS“rTg frgm
genic volatile organic compounds (VOCs) and semivolatileAprll through May severely impacted Atlanta, Georgia with

organic compounds (SVOCs) were released both as procf—hiCk wood smoke (Hu et al., 2008; Lee et al., 2008). Dur-

ucts of combustion and unburned vegetation heated by th&'9 such events, hourly concentrations of 2Mncreased by

3
fire. Higher leaf temperature can stimulate biogenic vocover 10_0“9 m " .

and SVOC emissions, which enhanced formation of sec- Previous studies have shown that the major component of
ondary organic aerosols (SOA) in the atmosphere. This i°Mz2s from forest buromng events is organic carbon (OC),
supported by elevated ambient concentrations of secondarg¢counting for 30-70% of P% mass (Nopmongcol et al.,
organic tracers (dicarboxylic acids, 2-methyltetrols, pinonic 2007; Robinson et al., 2004; Ward et al., 2006). However,
acid and pinic acid). An approximate source profile was builtd€téiled data speciating OC in BMimpacted by wildland
firesis sparse, and even less data is available for aged plumes.
During the 28 February 2007 event, OC reacheg i3

Correspondence toA. G. Russell at 06:00 p.m. and contributed approximately 51% of the am-
BY

(ted.russell@ce.gatech.edu) bient PMys in Atlanta, GA (Lee et al., 2008). This smoke
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event provides an opportunity to characterize OC in such careellent molecular marker of meat cooking emission (Rogge
bonaceous aerosols, further understand processes impactieg al., 1991). Vegetative detritus emissions are character-
the aging of fire plumes, and estimate the composition of preized by high-molecular weight-alkanes with pronounced
scribed fire-derived Pl for source apportionment studies. odd over even carbon number predominance (Rogge et al.,
In this study, detailed GC/MS speciation of carbonaceousl993a).
aerosols, along with receptor modeling, is used to quantify In addition to primary components of By, secondary or-
impacts from the biomass burning plume, although someganic aerosol (SOA) formation can result from gaseous emis-
other techniques can provide information about aerosol comsions of isoprenoids (isoprene and monoterpene) (Claeys et
position and source impacts as well. For example, aeroscél., 2004a; Kavouras et al., 1998). A few biogenic SOA
mass spectrometer (AMS) is increasingly used to determinespecies have been identified and quantified including 2-
real-time size distribution and chemical composition of non- methyltetrols (oxidation products of isoprene), pinonic acid
refractory submicron inorganic and organic aerosols (Allanand pinic acid (oxidation products of monoterpene) (Claeys
et al., 2003; Canagaratna et al., 2007; Jimenez et al., 2003t al., 20044, b; Yu et al., 1999a, b). Although dicarboxylic
Recently, this method has been used to estimate source coacids (alkanedioic acids and dicarboxylic aromatic acids) can
tributions from biomass burning through quantitatively char- be emitted from various primary sources (mobile emission,
acterizing hydrocarbon-like and oxygenated organic aerosolsneat cooking, etc.), previous studies suggested that atmo-
(Cottrell et al., 2008; DeCarlo et al., 2008; Zhang et al., spheric photochemical formation is probably the main source
2005). GC/MS allows identification and quantification of of these dicarboxylic acids (Fine et al., 2004b; Fraser et al.,
hundreds of organic compounds from ambient 2Min- 2003a; Schauer et al., 2002).
cluding n-alkanes, hopanes, steranes, alkanoic acids, alka- Here, we collected Pk filter samples before, during and
nedioic acids, PAHs, resin acids, and others (syringols, lev-after the 28 February 2007 prescribed fire episode impacting
oglucosan, cholesterol, 2-methyltetrols, etc.). Some of thesdtlanta, GA and analyzed organic composition of carbona-
compounds are reasonably unique tracers for certain source&gous aerosols using GC/MS. We further capitalize on the
and are widely used to track specific sources of carbonaceouguantified organic tracers to better understand the evolution
aerosols. Similar sets of organic species have also been meaf wood smoke from wildland fires.
sured for source emissions. Together, they can be used to
quantify source impacts on ambient Py e
Source impacts from biomass burning are usually traced® Method description
through a few organic tracers including levoglucosan, resin
acids, syringols and retene. As a pyrolysis product of cellu-

lose in wood biopolymers, levoglucosan has been considerega"y PM, 5 samples were collected on 47 mm quartz fiber

a particularly useful molecular marker of biomass burningiiters with particulate composition monitors (PCM) at the

(Simoneit et al., 1999). With its large emission abundanceaggessment of Spatial Aerosol Composition in Atlanta

and reasonable thermal stability in the atmosphere, Ievoglu(ASACA) sites (Butler et al., 2003). These sites are located
cosan is frequently used to assess air quality impacts from, e Atianta metro area about 80 km downwind from the 28
biomass burning (Fra;er a}nd Lakshmanan, ZOQOi SChaUEffebruary 2007 prescribed fires and were impacted directly
and Cass, 2000). Resin acids are thermal alteration producﬁy the smoke plume. The 24-h daily samples were analyzed
of coniferous wood resins and emitted exclusively from soft- ¢, organic carbon/elemental carbon (OC/EC), metals and
wood burning (various pines, firs, etc.) (Rogge et al., 19985515 ysing thermal optical transmittance (TOT), X-ray fluo-

Simoneit et al., 1993; Standley and Simoneit, 1994). In CON<escence (XRF) and ion chromatography (IC), respectively.
trast, hardwood combustion produces much higher quantipgsiis of ambient sampling, chemical measurements and

ties of syringols (Hawthorne et al., 1988, 1989). Although o icle compositions are described elsewhere (Baumann et
PAHSs are emitted from multiple combustion processes of fu-5;  2003: | ee et al.. 2005 2008).

els (biomass, natural gas, diesel and gasoline) and ubiquitous

in the atmosphere, retene, a thermal alteration of abietang 2  Organic speciation

compounds (resin diterpenoids), is considered as an organic

tracer specific for coniferous wood burning (Ramdahl, 1983).Due to the low air volumes sampled, OC mass on a single
Other primary sources can be also linked to some spePCM filter is usually not enough for organic tracer analy-

cific organic tracers. Hopanes and steranes are emitted fromsis. Therefore, three composite PCM samples (named “Be-

both gasoline-powered vehicle and diesel-powered vehicldore_Fire”, “Event” and “After_Fire”) were prepared as be-

(Simoneit, 1985; Zielinska et al., 2004). They have beenlow. “Before Fire” was composed of 6 PCM filters from

widely used as molecular markers of vehicular emissionsthree ASACA sites for the two days before the smoke day.

in source apportionment of P\ and OC (Fraser et al., “Event”was composed of 3 PCM filters collected at the same

2003b; Schauer et al., 1996; Zheng et al., 2002, 2006, 2007 kites on 28 February, the day most directly impacted. “Af-

Cholesterol, found in animal fats and oils, is thought as an exter_Fire” was composed of 7 PCM filters from the same sites

2.1 Ambient sampling
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Fig. 1. 24-h average ambient concentrations of OC and levoglucosan observed before, during and after the event day at Atlanta area, GA.

within the three days after the smoke day. The three com-abundant organic compound (Fig. 1). Before and after
posite samples along with a composite field blank were anathe smoke event, the observed levoglucosan concentrations
lyzed for organic compounds in PM using a standardized were 114 and 145ngnd, respectively. On the event day,
method described elsewhere (Nolte et al., 2002; Zheng ethe levoglucosan concentration increased dramatically to
al., 2002, 2006). Briefly, each filter composite was spiked1210 ng nT3 and contributed 7% of the total OC, suggesting
with deuterated internal standard (IS) mixtures and then sucthat the wood burning emission impact was 10 times higher
cessively extracted using hexane and benzene/isopropanoh the event day than the non-smoke days. Along with lev-
(2:1, viv). After filtering, extracts were concentrated with oglucosan, concentrations of resin acids also increased, es-
rotary evaporation followed by blowdown under pure nitro- pecially dehydroabietic acid and 7-oxodehydroabietic acid,
gen. Half of each concentrated extract was then derivatizedncreasing to 42 and 19ngm, approximately 9 and 23
with diazomethane to convert organic acids to their methyltimes higher respectively than the levels before the burn-
esters. These methylated extracts were analyzed by GC/Mfhg day. Unlike levoglucosan, their ambient concentrations
along with authentic standards. To quantify polar organicremained elevated after the fires (Fig. 2). To elucidate the
compounds (levoglucosan, cholesterol and 2-methyltetrols)processes occurring during transport, comparisons between
underivatized remains of concentrated extracts were silylatedvood burning source emissions and ambient data are con-
with BSTFA (N, O-bis(trimethylsilyl)acetamide) to convert ducted here. Ratios of major resin acids to levoglucosan
polar compounds to trimethylsilyl (TMS) derivatives. After were calculated and compared for both ambient data and a
one hour reaction at 7C, these silylated extracts were ana- few source emissions from prominent softwood species in
lyzed using GC/MS along with authentic standards. the southern United States (Table 1). In the softwood source
emissions, abietic acid and dehydroabietic acid generally ac-
count for the majority of resin acids, about 58% and 32%, re-
3 Results and discussion spectively, on average, while 7-oxodehydroabietic acid is mi-
nor. However, dehydroabietic acid and 7-oxodehydroabietic
Our re_sult; show that the observed _234h average OC CON.iq constituted a major fraction of the observed resin acids,
centration jumped from 3.5 to 17 m™ on the eventday, a0t 659 and 29% respectively, in the ambient sample im-
accounting for more than 70% (when converted to organicy,cteq by the fires. This comparison provides evidence that
matter by a factor of 1.5 (Lee ‘itsal" 2008)) of the total 24- 4oy roabietic acid and 7-oxodehydroabietic acid are be-
average PMs mass of 37.gm™>. Major sources of car- 4 formed from other resin acids (i.e. diterpenoids) during
b_onaceous a_terosols are traced using variations of their assthe 3-4h (around 80 km travel distance) transport from the
ciated organic tracers. burning sites to the monitors. Note that further alterations
of dehydroabietic acid and 7-oxodehydroabietic acid exist,
leading to their ratios to levoglucosan being variable over
During the smoke, large increases were observed for biomagime during ”ar_‘SPO”- 'PI’EVIOUS studies have ‘T"IS_O prqposed
burning tracers (levoglucosan, resin acids, retene, etc.). Levinat dehydroabietic acid and 7-oxodehydroabietic acid can
oglucosan was detected in all ambient samples as the mo&e formed through oxidation processes of other resin acids

3.1 Organic tracers of biomass burning

www.atmos-chem-phys.net/8/6381/2008/ Atmos. Chem. Phys., 8, 63942008
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Fig. 2. 24-h average concentrations of resin acids and PAHs observed before, during and after the event day at Atlanta area, GA.

(i.e. abietic acids), resulting in accumulated concentrationsa potential softwood burning tracer, increased by around 12
in the atmosphere (Oros and Simoneit, 2001; Rogge et aland 7 times, respectively compared to before and after the
1993b). Although most PAHSs did not show significant eleva- fire, and predominated among all PAHs (Fig. 2).

tion in ambient concentrations during the event day, retene,

Atmos. Chem. Phys., 8, 6388394 2008 www.atmos-chem-phys.net/8/6381/2008/
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Table 1. Ratios of major resin acids to levoglucosan in source emissions and ambient samples.

Compounds Softwood emissions Ambient samples

Loblolly  Slash  White Hemlodk Balsam BeforeFire Smoke AfterFire

Piné  Piné Pind firP

Pimaric acid 0.069 0.029 0.008 0.001 0.001 0.001 0.000 0.002
Sandaracopimaric acid 0.013 0.011 0.026 0.002 0.001 0.003 0.001 0.011
Dehydroabietic acid 0.339 0.141 0.149 0.017 0.028 0.041 0.034 0.248
Abietic acid 0.801 0.056 0.391 0.021 0.240 0.001 0.000 0.002
Abieta-6,8,11,13,15-pentae-18-oic acid 0.007 0.003 0.005 0.000 0.002 0.000 0.000 0.000
Abieta-8,11,13,15-tetraen-18-oic acid 0.021 0.000 0.010 0.001 0.003 0.001 0.001 0.001
7-Oxodehydroabietic acid 0.009 0.004 0.005 0.001 0.000 0.007 0.015 0.042

@ softwood species tested by Fine et al. (20(92$oftwood species tested by Fine et al. (2001).

n-alkanes and:-alkanoic acids identified in this study trations of hopanes and steranes, both organic markers for
ranged from @7 to Cgg and from G4 to Czg, respectively  internal combustion engine emissions, did not show signifi-
(Fig. 3). Generallyp-alkanes are associated with plant wax cant variation, i.e. 1.7, 1.7 and 1.0 ng#(Fig. 4). Choles-
and fossil fuel contributions, depending on carbon numbersterol, an organic tracer of meat cooking, did not exhibit ma-
To approximately compare source impacts from plant waxjor variation as well (Fig. 5). Both suggest that primary
versus fossil fuel combustion, the carbon preference indexsources other than prescribed fire have similar influences on
(CPI) measuring carbon number predominance in homoloAtlanta, GA before, during and after the event day. This
gous compound series is calculated (Mazurek and Simoneifpoint has further foundation from prior studies, which have
1984; Oros et al., 2006). In the samples before and after thehown that there is a significant increase in OC within At-
fire, n-alkanes only show a slight odd carbon number pre-lanta compared with a more rural site (e.g. Yorkville, GA)
dominance with CPIs of 1.4 and 1.7, respectively. However,by analyzing regional EC and OC levels from the South-
n-alkanes exhibited distinctly strong odd carbon number pre-eastern Aerosol Research and Characterization (SEARCH)
dominance (CPI=3.1, carbon number maximuma&29) network (Edgerton et al., 2005; Hansen et al., 2003; Zheng
on the event day, reflecting a major contribution from plantet al., 2006). Furthermore, the sampling sites used here
waxes. Likewisep-alkanoic acids had a strong even carbon are spread out around metro Atlanta and capture the urban
number predominance on the event day (CPI=5q:x€24). mix of primary sources. By compositing the filters, the
The concentration of even-over-odd carbon number series oresults are relatively insensitive to changes in wind direc-
the event day was 50 ngTA, much larger than those be- tion. On the other hand, very large increases in continu-
fore and after the event (12 and 10 ngin respectively). ous PMys and OC values were observed when the plume,
Thus, a dominant contribution from plant waxes is suggestedwhich originated in a rural area, hit the urban monitors in At-
These compounds are considered natural products of epicdanta (Lee et al., 2008). These increases are consistent with
ticular waxes and internal lipid substances in leaf surfaceshose increases measured on the filters, and overwhelmed
and emitted as vegetative detritus or through direct thermathe background in this area. On the event day,,BNM-
volatilization (Rogge et al., 1993a; Simoneit, 2002). Higher creased by 23.8g m~2 (over 60%) while OC increased by
leaf temperatures presumably lead to volatilization of thesel4.2ugm=2 (over 80%). Biomass burning-related organic
high-molecular weight organic compounds, which can thentracers (levoglucosan, resin acids and retene) increased by
condense into the particle phase in the atmosphere. This ré—23 times. In addition, Community Multi-scale Air Qual-
sult indicates that such waxes are not unique tracers for vegty (CMAQ) modeling showed that the timing of the increase
etative detritus when wildland fires also significantly impact in OC is consistent with when the prescribed fire plume im-

air quality. pacted Atlanta (Hu et al., 2008). These points strongly sup-
. . port that vehicular sources and meat cooking emissions are
3.2 Other primary organic tracers not responsible for the large increase in fvand OC on

, . the event day, and that the greatly increased carbonaceous
Non-biomass organic molecular markers were also analyzederoso| concentrations during the smoke episode are from
as indicators of other major primary sources. Vehicularyreqcriped fires. Source apportionment results calculated us-
engine exhaust and meat cooking are the two other majof,y grganic molecular marker-based chemical mass balance
sources of primary organic carbon in the Atlanta urban aregc\B-MM) model also indicate significant increases of pre-

(Lee et al,, 2007; Liu et al., 2005; Marmur et al., 2005; gcriped hurning emissions on the event day, but not for other
Zheng et al., 2007). The before, during and after concen-

www.atmos-chem-phys.net/8/6381/2008/ Atmos. Chem. Phys., 8, 63942008
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Fig. 3. 24-h average concentrationsmehlkanes ana-alkanoic acids observed before, during and after the event day at Atlanta area, GA.

major primary sources (i.e. vehicular source and meat cook3.3 Secondary organic tracers
ing) (Lee et al., 2008). Moreover, about 43% of the total
observed OC can not be explained by primary source contri-

butions, suggesting that secondary organic aerosol (SOA) iQ_qr resu!ts for' secondary organic trac_ers indicate that ad-
also a significant contributor to the increased OC. ditional biogenic SOA were formed during the 28 February

2007 fire episode. 2-methyltetrols, secondary organic prod-
ucts of isoprene, were detected only on the smoke plume day
with a concentration of 0.8ngni (Fig. 5). Pinonic acid

Atmos. Chem. Phys., 8, 6388394 2008 www.atmos-chem-phys.net/8/6381/2008/



6387

Carbonaceous aerosols in an aged prescribed fire plume

B. Yan et al.:

® o
- -
o L ot
= e | oS =
258 ) 1 pioe oj0ipaueUoN Lok
mm< // o W<
| \ _
+ er ® 1 pioe ol01peUEO + or
1 pioe oloipauedeH
[72]
3 g
< =
< 1 pioe o101pauexaH =
o )
2 7
> 1 pioe ojoipauejUay e
= g Qlo! =
2 @
= )
< =
1 pioe oloipaueINgiAON s
=
s

1 pioe olopsueing

4 p1oe oljoipauedoidiAyio N

| pioe oloipsuedold

1 1 1

—

|
-~ o o o

100
0.1
0.5
04 r
3
2
0.0

(;.wrBu) suonenusdUOY JudIqUY (¢.wrBu) suonenuaduoY JudlqIY

auedoH-yee
auedoH-Sg¢
auedoH-yz¢
auedoH-Szg
auedoH-yL¢
auedoH-S 1€
BUB}SO)IS-qge ‘S+¥0Z
sueysobig-qge ‘S+402
SuE)Sa|oyD-EER “H0Z
auejsoloyD-qge ‘S+40zZ
auedoylousl|-0£‘62°22
auedoyoaulousi | -0€‘62°22
auedoH-(H)ale-(H)e/L

suedoyioN-6zZ-(H)qLz-(H)eLl

Fig. 4. 24-h average concentrations of alkanedioic acids, hopanes and steranes observed before, during and after the event day at Atlant

area, GA.

Atmos. Chem. Phys., 8, 63842008

www.atmos-chem-phys.net/8/6381/2008/



6388 B. Yan et al.: Carbonaceous aerosols in an aged prescribed fire plume

6
—@— Before_Fire
' Others @ Event
£ 5r o —-— After_Fire
(o)) o
£
2] L
c 4
RS
=
®©
=
c 3
©
&)
c
)
O 2r
-
c
.0
o
E 1r
<
O L A A L L
5 S s 3 3
g s £ 8 8
2 g 5 = =
£ £ = 2 a
O [} < o
= ]
X =
N

Fig. 5. 24-h average concentrations of other compounds (cholesterol, 2-methyltetrols, pinonic acid and pinic acid) observed before, during
and after the event day at Atlanta area, GA.

and pinic acid, photo-oxidation products of monoterpenesHowever, unless there is a significant chemical affinity be-
increased from 2.9 and 1.2 ngthto 5.0 and 3.1 ng e, re- tween OC and the compounds, such a shift is not expected
spectively, from the day prior to the fire through the smoketo be so large (less than 10% of enhancement in SOA) (Nop-
day (Fig. 5). Additionally, elevated dicarboxylic acids (alka- mongcol et al., 2007; Odum et al., 1996). The third hypothe-
nedioic acids and dicarboxylic aromatic acids) provided sup-sis is that enhanced photo-oxidation occurred. The observed
portive evidence of increased SOA formation in the atmo-increase of ozone in the plume is indicative that this effect
sphere. They are further considered here products of biomight exist, but would be limited since ozone increased about
genic emissions enhanced by the fire since significant in50% (from around 60 to 90 ppb), significantly less than the
creases were not found in anthropogenic emissions (i.e. veincrease in dicarboxylic acids (8 times higher). Therefore,
hicular source and meat cooking). The sums of dicarboxylicamong the three hypotheses above, the evidence strongly
acids were 7.5, 51, 8.4ngm before, during and after the supports that biomass burning is a major contributor to pre-
event, respectively. There are three possible hypotheses reursors of dicarboxylic acids. Results of air quality modeling
lating to the large increases in these dicarboxylic acids. Theand measurement of water soluble organic carbon (WSOC)
most direct one is that precursors of these compounds are aprovide further supporting evidence (Hu et al., 2008; Lee et
sociated with prescribed fire emissions. As stated previouslyal., 2008).

emissions of biogenic VOC and SVOC (isoprenes, terpenes,

sesquiterpenes, alcohols, esters, carbonyls, acids, etc.) woulgls  source profiles for an aged plume

be enhanced by either wood combustion process or increas-

ing leaf temperature. Emissions of isoprenoicjs (isoprgne an(élapturing the fire event provides information to assess the
monoterpene) have been observed to be higher during for'ource composition profiles of an aged prescribed fire plume.

est fires due to increased temperatures (Alessio et al., 2004%, ., 1 ove discussions indicate that the large increases in
A previous study also S.UQQEStS that Iegf temperatures rising,MZ 5, OC and associated chemical species on the event
from 2.5 to 35C would increase b|ogen|c voc an SVO(_: day are a direct contribution from prescribed fire emissions.
emissions by 4 and 1.5 times from Isoprene-emitting decid-c o this result, associated aged source profiles can be de-
uous trees and terpene-emitting conifers, respectively (Lamiy 4 Here two approximate source composition profiles
et al., 1987). The second hypothesis is that the dramatic in\'/vere develobed for the aged biomass burning plume by con-

crease in OC mass can enhance formation of SOA due t%idering differences between the befeneent day (non-fire

increased partitioning of these diacids to the particle phaseevent impacted) and the event day, designated “aijente
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Table 2. Source composition profiles from the aged plume on the event and the previous prescribed burning emiggid?Mpeg).

Compound Aged plunfe PPM¢, b Leeeta®  Compound Aged plunfe  PPM;,. b Lee et al
Fractiofltst® Fractiontstd Fractiog:std Fractioaestd  Fractioag=std  Fractioa-std
n-alkanes
Tetracosane 0.038.021 0.05%0.028 0.084-0.053 Triacontane 0.045%.012 0.06%0.016 0.11#0.072
Pentacosane 0.0#D.029 0.096:0.040 0.15%0.095 Hentriacontane 0.250®.073 0.34#£40.102 0.1740.105
Hexacosane 0.0230.016 0.03%#0.022 0.13%#0.091 Dotriacontane 0.029.008 0.046:0.011 0.00€:-0.001
Heptacosane 0.143).050 0.2340.069 0.153%#0.114 Tritriacontane 0.0530.016 0.07%0.022 0.054-0.048
Octacosane 0.0470.017 0.0640.024 0.07@0.042 Tetratriacontane 0.040.001 0.006:0.001 0.006:0.001
Nonacosane 0.3110.088 0.422:0.123 0.486:0.295

Branch-alkanes

iso-Nonacosane 0.068(.001 0.008:0.001 0.008:0.001 iso-Hentriacontane  0.0£0.001 0.008:0.001 0.006-0.001
anteiso-Triacontane 0.08M.001 0.008:0.001 0.008:0.001

Hopanes

17a(H)-218(H)-29- 0.002:0.005  0.003:0.007 0.008:0.001 22R,1&(H),218(H)- 0.002:0.002 0.003-0.003 0.008-0.001

Norhopane Homohopane

17a(H)-218(H)- 0.002:0.005  0.0020.006 0.008:0.001 22S,1#(H),218(H)- 0.00:0.001 0.00%0.002 0.008-0.001

Hopane Bishomohopane

22,29,30- 0.002:0.002  0.003:0.003 0.008-0.001 22R,1#(H),218(H)- 0.00Gt0.001 0.008-:0.001 0.008-0.001

Trisnorneohopane Bishomohopane

22,29,30- 0.000£0.001  0.008:0.001 0.008-0.001 22S,1#(H),218(H)- 0.00Qt0.001 0.008-:0.001 0.008-0.001

Trisnorhopane Trishomohopane

22S,1%(H),218(H)- 0.003t0.003  0.0040.004 0.008:0.001 22R,1#(H),218(H)- 0.000:£0.001 0.008:0.001 0.006-0.001

Homohopane Trishomohopane

Steranes

20S,R- 0.000t0.001  0.008-0.001 0.008-0.001 20S,R- 0.000£0.001  0.008-:0.001 0.008-0.001

5a(H),148(H),178(H)- 5a(H),148(H),178(H)-

Cholestanes Ergostanes

20R- 0.000£0.001  0.008-0.001 0.008-0.001 20S,R- 0.000£0.001  0.008-0.001 0.008-0.001

50 (H),140(H),1 70 (H)- 5a(H),148(H),178(H)-

Cholestane Sitostanes

PAHs

Fluoranthene 0.0600.001  0.006:0.001 0.054-0.031 Benzo(j)fluoranthene 0.080.001 0.003%0.001 0.008:0.005

Acephenanthrylene 0.08D.001  0.00%0.001 0.01£0.011 Benzo(e)pyrene 0.08£4.002 0.005:0.003 0.03&:0.017

Pyrene 0.00£0.001 0.006:0.001 0.065-0.036 Benzo(a)pyrene 0.080.002 0.00%0.002 0.018-0.010

Retene 0.0280.008  0.032-0.011 0.216:0.127 Perylene 0.0000.001 0.008:0.001 0.002-0.002

Benzo(ghi)fluoranthene 0.08®.002  0.003-0.003 0.052-0.052 Indeno(1,2,3- 0.002£0.001  0.003:0.002 0.008-0.001
cd)fluoranthene

Cyclopenta(cd)pyrene  0.06@.001  0.008:0.001 0.1740.106 Indeno(1,2,3- 0.003:0.003 0.004-0.003 0.044-0.027
cd)pyrene

Benz(a)anthracene 0.080.002  0.00%0.002 0.0480.027 Picene 0.0G00.001 0.008:0.001 0.00€:-0.001

Chrysene/Triphenylene  0.08D.004  0.016:0.006 0.052:0.033 Benzo(ghi)perylene 0.0€8.004 0.0040.006 0.0220.012

profile” and “primaryplume profile”. “Agedplume profile” mated fire-caused secondary organic carbon (SOC) was sub-
is constituted by fractions of individual chemical species (in- tracted from the fire-caused total B mass on the event
creased concentrations) in the total increased (fire-causeday (Table 2). The fire-caused SOC on the event was es-
total) PMps mass, i.e. 23.2gm3, on the event day (Ta- timated based on the CMB-MM modeling results and mea-
ble 2). This profile contains chemical compositions of the sured EC/OC ratios. Briefly, the CMB-MM apportionment
aged plume, but is not the primary Bilsource profile due results indicate that prescribed fires contributed approxi-
to large quantities of SOA in aerosol from the fire emis- mately 1.1 and 8.zgm~2 to the total primary OC before
sions. “Primaryplume profile” is then calculated using frac- and on the event day, respectively (Lee et al., 2008). The
tions of individual chemical species (increased concentradifference, 7.6.gm=3, is attributed to the plumes. Results
tions) in the fire-caused primary P mass where the esti- here find that the total, primary plus secondary, impact of the
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Table 2. Continued.

Compound Aged plunfe  PPMjP Leeeta®  Compound Aged Plunfe  PPM;P Lee et al®
Fractiof£st® Fractiontstd Fractiog:std Fractioaestd  Fractioa:=std  Fractioa:std
PAHs
Benzo(b)fluoranthene 0.0840.003  0.006:0.004 0.038:0.017 Coronene 0.0840.004 0.005-0.005 0.004-0.003
Benzo(k)fluoranthene 0.089.002  0.004:0.003 0.025%:0.014
Resin acids
8,15-Pimaredienoic 0.000+0.001 0.00@:0.001 0.008:0.001 Abietic acid 0.01£0.004 0.015-0.006 0.008-0.001
acid
Pimaric acid 0.0120.006 0.025:0.008 1.486-0.826 Abieta- 0.009+:0.003 0.012-0.004 0.008-0.001
6,8,11,13,15-
pentae-18-oic
acid
Sandaracopimaric 0.056+0.017 0.076:0.024 0.008:0.001 Abieta-8,11,13,15- 0.026+0.007 0.036:0.010 0.00@-0.001
acid tetraen-18-oic
acid
Isopimaric acid 0.00£0.001 0.00@:0.001 1.7830.999 7- 0.743+0.198 1.006-0.277 0.008:0.001
Oxodehydroabietic
acid
Dehydroabietic acid 1.54160.433 2.092:0.605 20.0#411.45
Aromatic acids
1,2- 0.119+0.036  0.168:0.050 0.0020.006 1,3- 0.029+0.011 0.032:0.015 0.008:0.001
Benzenedicarboxylic Benzenedicarboxylic
acid acid
1,4- 0.044+0.021  0.052:0.028 0.005-0.005
Benzenedicarboxylic
acid
Alkanoic acids
Tetradecanoic acid 0.070€.025 0.108:0.034 1.202-0.743 Tricosanoic acid 0.149.039 0.196:0.055 0.394-0.227
Pentadecanoic acid 0.086.014  0.049-0.019 0.384:0.245 Tetracosanoic acid 0.588.151 0.758:0.211 2.984-1.740
Hexadecanoic acid 0.2#8.132 0.37#40.181 4.055-2.338 Pentacosanoic acid 0.649013 0.066:0.019 0.23%0.133
Heptadecanoic acid 0.020.008 0.02&0.011 0.1490.091 Hexacosanoic acid 0.360.081 0.4080.114 2.21%1.282
Octadecanoic acid 0.130.064  0.1820.088 1.35%0.811 Heptacosanoicacid 0.G#@.005 0.023-0.006 0.085-0.051
Nonadecanoic acid 0.026.008 0.036:0.011 0.294-0.187 Octacosanoic acid 0.166.028 0.1468:0.039 0.5950.350
Eicosanoic acid 0.1760.049 0.238:0.068 0.726:0.437 Nonacosanoic acid 0.020.006 0.029-:0.008 0.10%0.065
Heneicosanoic acid 0.0#0.020 0.108:0.028 0.174-0.101 Triacontanoic acid 0.13D.030 0.152-0.042 0.484-0.314

Docosanoic acid 0.370.103 0.514-0.144 1.076:0.638

Alkenoic acids

9-Hexadecenoic acid 0.080.001 0.008:0.001 0.306:0.227 9-Octadecenoic 0.000+0.001 0.006:0.001 1.469-0.881
acid

9,12- 0.000+0.001 0.00@:0.001 1.35#40.921

Octadecanedienoic

acid

Alkanedioic acids

Propanedioic acid 0.0a0.001  0.008:0.001 0.006:0.001 Hexanedioic acid 0.08®.026 0.126-:0.037 0.016:0.013
Methylpropanedioic 0.006:0.001  0.006:0.001 0.008:0.001 Heptanedioic acid 0.0£0.001 0.008:0.001 0.018&0.016
acid

Butanedioic acid 0.80#0.227 1.0840.317 0.2320.153 Octanedioic acid 0.149.041 0.20%0.057 0.036:0.028

plumes on OC is 14.2g m3, suggesting that 6,69 m 3 the aged plume, the fire-caused EC/OC ratio is 0.039 while
(47% of the fire-caused total OC) comes from enhanceda value of 0.065 has been measured for prescribed burning
SOC. A comparable SOC fraction in the fire-caused totalemissions in Georgia (Lee et al., 2005). The lower EC/OC

OC was also estimated using the EC/OC ratio method. Irratio suggests SOA formation in the aged plume. Using those
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Table 2. Continued.

Compound Aged plunfe  PPMjP Leeeta®  Compound Aged plunfe  PPMyP Lee et al
Fractiofl£st® Fractiontstd Fractiog:std Fractioaestd  Fractioa:std  Fractios:std

Alkanedioic acids

Methylbutanedioic 0.172+0.047  0.2320.066 0.008:0.001 Nonanedioic acid 0.299.084 0.404-0.117 0.156-0.101
acid

Pentanedioic acid 0.120.035  0.162-0.048 0.049-0.032

Others

Nonanal 0.0130.009  0.01%0.012 0.008:0.001 Benz(de)anthracen-0.004:0.002 0.005-0.003 0.008-0.001
7-one

Sinapyl aldehyde 0.0@£0.001  0.008:0.001 0.008:0.001 3,5-Dimethoxy-4- 0.028t0.007 0.03£0.010 0.00€:-0.001
hydroxyacetophenone

Acetonylsyringol 0.0580.018  0.072:0.025 0.008:0.001 Levoglucosan 45.912.69 62.1%17.75 57.0%32.38

Coniferyl aldehyde 0.0080.001  0.008:0.001 0.008:0.001 Cholesterol 0.0@60.001 0.008-0.001 0.008-0.001

Propionylsyringol 0.00€0.001  0.008:0.001 0.008:0.001

ocC 593.9:180.2  450.2250.6 602.3:185.2 CI 0.44+0.09 0.59:0.13 5.2242.89

EC 23.0t12.4 31.1%#17.0 39.2£11.3 NI—Q 13.12+4.43 17.76:6.13 1.0A1.08

Al 0.000+0.001  0.008-0.001 0.229-0.426 N 19.315.18 26.14-7.26 4.4@:2.99

Si 0.289:0.228  0.39%0.309 0.186:0.258 Sg 13.80t8.57 18.6811.68 2451.12

K+ 2.23+0.50 3.0%0.72 6.49%:4.35

@ source composition profiles where individual chemical species are normalized to the fire-caused jgfah&d on the event day;

b source composition profiles where individual chemical species are normalized to the fire-caused pripgmn&dd estimated on the
event day;

¢ source composition profiles from the prescribed burning emission in Georgia (Lee et al., 2005);

d fraction of chemical species in the associatedbRWhass (ngkg PMs 5);

€ standard deviation.

ratios, SOC is calculated to account for 40% of the fire- Our study indicates that the “primaplume profile” de-
caused total OC. Averaging the two, 44% of fire-caused totakived from the fire event is comparable with the prescribed
OC is taken as SOC during the event, and the fire-caused prburning emission profile measured by Lee et al. (2005) for
mary OC (POG,) is then estimated by: some organic compounds, but significantly different for oth-

, ers (Table 2 and Fig. 6). In the aged fire plume, levoglu-
POCy. = OC(fire-causeglx (1 - fsod) cosan accounts for 14% of primary OC, comparable to 9.5%
= [OC (even) —OC (before-even{ x (1-fsoo) (1) in the profile of Lee et al. (2005). Mostalkanes also show

where fsoc s the estimated SOC fraction in the fire-caused comparable levels for the two source profiles. Hopanes and

total OC. Similarly, the amount of fireaused primary Ph steranes were not significant in either set. The ratio of water-
(PPMy,) is calculated as: soluble potassium (K)/OC in the “primaryplume profile”

is 0.0067, lower than the values in Lee et al. (0.011) and in

PPMy. = [PM (eveny — PM (before-even] Fine et al. (0.012 on average), but comparable to the aver-
—OC(fire-causeyl x fsoc (2)  age ratio of 0.0058 from foliar fuel combustion (Fine et al.,

2004a; Hays et al., 2002; Lee et al., 2005). However, sig-
nificant differences were found for the fractions of PAHSs,
resin acidsp-alkanoic acid and dicarboxylic acids, suggest-
©) ing aging of fire smoke after a 3—4 h travel distance. Lee

PPM¢. et al. (2005) measured higher abundances for many PAHs

whereC; is the ambient concentration of individual chemical and resin acids, implying direct combustion is the main con-
species in PMs that are viewed as being dominated by pri- tributor of these compounds and significant chemical alter-
mary emissions. In addition, an overall uncertainty of each@tion occurs during transport, especially for resin acids. In
chemical species in the two plume source profiles was calcontrast, the aged plume has distinctly higher dicarboxylic
culated by propagating uncertainties associated with the obacids (alkanedioic acids and dicarboxylic aromatic acids)
served OC, estimated SOC fraction and measured chemicafactions. Enhanced SOA formation in the atmosphere from
species (i.e. organic compounds, EC, ions and trace metalsfhe fire is suggested by these secondary indicators. The

Finally, fractions of individual speciegy) in fire_caused pri-
mary PM 5 are found as:

- Ci(eveny — C; (before-event

1
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104 fire plumes, which can be used for improving source appor-
tionment of wood burning by CMB modeling.

10° 4 The supplementary material can be found
at http://www.atmos-chem-phys.net/8/6381/2008/

101 acp-8-6381-2008-supplement.pdf
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