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Abstract. Ambient non-refractory PM aerosol particles on average constituted 12 % of the OM; SV-OOA accounted
were measured with an Aerodyne High Resolution Time-for the remaining third of the OM. Use of the pulling tech-
of-Flight Aerosol Mass Spectrometer (HR-AMS) at an ele- niques available in EPA PMF and ME-2 suggested that the
mentary school 18 m from the US 95 freeway soundwall infour-factor solution was very stable.

Las Vegas, Nevada, during January 2008. Additional collo-
cated continuous measurements of black carbon (BC), car-
bon monoxide (CO), nitrogen oxides (N} and meteoro-
logical data were collected. The US Environmental Pro-
tection Agency’s (EPA) positive matrix factorization (PMF)

data analysuz fohv;aiﬁgd to;pptort'qon ?:ga?'c_ mggzré?/:\é mpacts of air pollution such as particulate matter of aerody-
as measured by Hi- » androtational toois In r]amic diameter less than 2.5 microns (£P4)1 including in-

were used to better characterize the SOIUt.'On space and .puéreased asthma rates, detrimental fetal development during
resolved factors toward known source profiles. Three- to six-

) i regnancy, and decreased lung capacity (Brunekreef et al.,
factor solutions were resolved. The four-factor solution wasp 9 Y g capacity (

. . . 1997; McDonald et al., 2004; Dockery et al., 1993; Dock-
the most interpretable, with the typical AMS PMF factors y

f hvd bon-lik . | (HOA). | latilit ery and Stone, 2007). In particular, recent literature has
of hydrocarbon-like organic aerosol ( ), low-volatility demonstrated that adverse health effects are evident in sub-

oxygenated arganic aerosol (L\('OOA.)’ biomass burming O.r;jects exposed to ambient air near major roadways (Edwards
ganic aerosol (BBOA), and semi-volatile oxygenated organicy , “19g4. Nitta et al., 1993; Kunzli et al., 2000; Hoek et
aerosol (SV-OOA). When the measurement site was downs, “540- Finkelstein et al., 2004; Kim et al., 2004b). A
wind of the freeway, HOA comppsed about half the OM, with wide body of literature of previous near-roadway air pollu-
SV-OOA and LV-OOA accounting for the rest. Atempts t0 . oy gies (Zhu et al., 2002; Zhang et al., 2004a; Phuleria
pull the PMF factor profiles toward source profiles were suc-

. o = 2"~ et al.,, 2007; Ntziachristos et al., 2007; Fruin et al., 2008)
cessful but did not qualitatively change the results, |nd|cat—has demonstrated that, for a number of pollutants such as
ing that these factors are very stable. Oblique edges wer ’

. ) . Black carbon (BC), carbon monoxide (CO), and ultrafine par-
present in G-space plots, suggesting that the obtained rotg:

fi tbe th t plausibl Si luti f icles, concentrations are very high next to the freeway but
lon may notbe theé most plausible one. SIce SoIUtions foun apidly decrease to background urban levels after a few hun-
by pulling the profiles or usingpeak retained these oblique

edges, there appears to be little rotational freedom in thqdred meters under persistent winds. In pre-sunrise hours and
T ow wind conditions, the influence of freeway emissions can
base solution. On average, HOA made up 26 % of the OM y

: : . ’ h further (Hu et al., 2009).
while LV-OOA was highest in the afternoon and accountedre‘rél)cr sxs:n r:ar\tteerr EO:/S iz a Iargé and important part of
for 26 % of the OM. BBOA occurred in the evening hours, 9 g P P

. ; : My, particularly in near-roadway environments, and is
was predominantly from the residential area to the north, an(r 25, P y Y € )
often the largest component of PM in urban areas in the

1 Introduction

number of studies have demonstrated the significant health
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310 S. G. Brown et al.: Receptor modeling of near-roadway aerosol mass spectrometer data

western United States (Phuleria et al., 2007; Riddle et al.(Docherty et al., 2008; Huffman et al., 2009; Jimenez et al.,
2008; Minguillon et al., 2008). OM is a complicated mixture 2009), one with more “low volatility” fragments (LV-OOA)
of thousands of individual molecules and is a combinationincluding m/z 44, but also one with significant mass from
of both primary particulate emissions and secondary aerosabther, less oxidized fragments. This spectrum has also been
formed from gaseous precursors. It is a major component obbserved in chamber experiments with diesel exhaust and re-
vehicular exhaust emissions and, in addition to being a largesembles semi-volatile OA with some oxidized OA, termed
part of PMp.s mass, also includes polycyclic aromatic hydro- SV-OOA.
carbons (PAHs), which are carcinogenic (Larsen and Baker,
2003; Lobscheid and McKone, 2004; Adonis et al., 2003;
Flowers et al., 2002). 2 Methods

The composition of OM has been analyzed under a num-,

. . . 2.1 Aerosol and gaseous measurements

ber of different methods, including molecular marker analy-

sis of aerosol filter samples and real-time analysis with in-p;aasurements were made outdoors next to a classroom and
struments such as the Aerodyne Aerosol Mass Spectronfsjay vard at Fyfe Elementary School, directly adjacent to
eter (AMS) and its more recent version, the High Resolu-5,4 18 m from the US 95 soundwall (Fig. 1). In 2007, the
tion Time-of-Flight Aerosol Mass Spectrometer (HR-AMS) ann3) average daily traffic (AADT) was between 189 000
(Drewnick et al., 2005; Jimenez et al., 2003; Zhang et,n4 201 000 vehicles on the stretch of US 95 near Fyfe EI-
al., 2005a; Allan et al., 2004, 2003a, 2003b; DeCarlo etementary School. The wind sector from 90 to 250 degrees
al., 2006). With the AMS, individual molecular marker gncompasses the adjacent freeway. COy N@thalometer
compounds are not typically quantified, but with this l0ss gc \yind speed, and wind direction were measured continu-
of molecular specificity we gain high time resolution and ously, yielding 5-min averages. A two-channel (370 nm and
a more complete representation of the full organic frac-gg nm) Magee Scientific Aethalometer was used to mea-
tion. Rather than individual molecules, specific groups of g, .e BC in 5-min intervals. Aerosol was collected on a

mass-to-charge ratio fragments ) can be used to iden- 4545 fiber tape, passing through a Harvard impactor with a
tify differences between less oxidized, hydrocarbon-like or-gj;¢ ¢t of 2.5 microns. Raw data were post-processed with
ganic aerosol (HOA) and oxygenated organic aerosol (OOA) e washington University Air Quality Lab AethDataMasher
Some examples include data from Pittsburgh, PennsylVayegsion 6.0e to format date-time stamps and perform data
nia (Zhang et al.,, 2004b, 2005a, b), Riverside, Californiaygjigation. A Thermo Scientific 42i NO/NEINOy analyzer
(Docherty et al., 2008), Zurich (Lanz et al., 2008a, 2007), 5nq 4 Thermo Scientific 48i CO analyzer provided 5-min

Mexico City (Dzepina et al., 2007; Johnson et al., 2008, N0, and CO data. Zero-checks and span-checks were per-
Aiken et al., 2008), and Fraser Valley, British Columbia (Al- ¢4meqd nightly; data were zero-corrected if the zero-check
farra etal., 2007, 2004). _ was greater than 5% of expected. Continuous gaseous in-
Lfbpratory and field studies have found thetz 44 (i.e.,  gtryments were calibrated at setup, take down, and quarterly,
CG;) is a major fragment when long range transport is im- 5,5 on an as-needed basis via remote control over the inter-
portant and during periods of active photochemistry and t,haﬁet. Five-minute data were visually reviewed daily and after
m/z44 is representative of OOA. In prior field studies in ,q stydy for additional QC. Wind speed and direction were

Pittsburgh, British Columbia, and elsewhere (Zhang et al.,j;aasured with an RM Young AQ 5305-L at 1-min intervals,
2004b, 20052, b; Alfarra et al., 2007, 20(14)' saturated hydroyng \ere used to calculate vector-averaged 5-min average
carbon fragments such ag/z 57 (i.e., GHg) were found to 414

be typical of HOA.

AMS data have, in recent years, been further evaluate 2 HR-AMS description and data processing
with positive matrix factorization (PMF) or other mathe-
matical methods (Zhang et al., 2004b, 2005a, b) to decomThe operation of the Aerodyne HR-AMS has been described
pose the mass spectra and quantify the amount of OOA anth detail elsewhere (DeCarlo et al., 2006; Drewnick et al.,
HOA impacting a monitoring site. Source studies of pri- 2005; Jayne et al., 2000; Jimenez et al., 2003, 2009). Am-
mary emissions—such as diesel exhaust in a vehicle-chasingient air is drawn through a URG cyclon®4y = 2.5um,
experiment (Canagaratna et al., 2004), source profile acquidIpm) and is sampled with 2-min time resolution through
sition (Mohr et al., 2009), and reaction chamber secondarya critical orifice into an aerodynamic lens, creating a narrow
OA (SOA) (Alfarra et al., 2006)—show similarities to spec- particle beam, with a 50 % efficiency of 1um particles, so
tra from ambient aerosol. These two types of primary OAthat essentially P is measured (Sun et al., 2009; Cana-
(POA) and SOA profiles resemble those observed in the amgaratna et al., 2007). The particles are accelerated in the su-
bient air under conditions more conducive to primary (high personic expansion of gas molecules into a vacuum at the
m/z 57 concentrations) and secondary (higft 44 concen-  end of the lens. Particles are collected by inertial impaction
trations) influences, respectively. In addition, two types ofand non-refractory species such as nitrate, sulfate, ammo-
OOA spectra have been observed in Riverside and elsewhemum, chloride, potassium and OM are thermally vaporized.
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Fig. 1. (a)location of Fyfe Elementary School in Las Vegas, Nevada;(Bh@ind rose for January 2008 (5-min averages).

Vaporized gases undergo electron impact ionization and th@eaks is used to calculate total OM. AMS data were pro-
charged fragments enter the ToF-MS region, where they areessed and analyzed using the standard AMS analysis soft-
ware, Squirrel version 1.48, implemented with Wavemetric's
for ambient gases such ag,Nnass spectra are analyzed for Igor Pro (version 6.12). Concentration and uncertainty data
each 2-min averaged sample, and the sum of organic aerosfbr PMF were regenerated using Squirrel v 1.51. Uncertainty
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1 oumen expanded on the details of PMF application to AMS data, in-
1 — OMmedian _ cluding a PMF analysis package in Igor Pro (Ulbrich et al.,
15 Whiskers St & 05t percenties 2009a). An ambient data set can be viewed as a data matrix
”’% ] X, in which rows (denoted by) correspond to samples and
= 10—: columns (denoted by) corresponding to chemical species
° 4 or, in the case of AMS data, to fragments of differentz.
57 N The goal is to reduce the data set to a small number of fac-
] L 1 . .. . .
1 (T O e tors that best characterize the OM composition with a profile
S U L A A f of each factor and a contributignfor each factor to each
0 2 4 6 8 10 12 14 16 18 20 22 .
o sample, plus residuats
@) EPA PMF, a freely available data analysis software pack-
age that utilizes the multilinear engine (ME-2) to solve the
g — %fx e PMF gquations described above, was used ip this application
06 = m/z 57 mean (Norris et al., 2008, 2009). New features within EPA PMF
: == m/z60 mean v4.0 allow the user to take advantage of rotational tools avail-
e 057 able in ME-2 (Paatero, 2004). In general, the non-negativity
B il constraint alone in PMF analysis is not always sufficient to
Ll produce a unique solution. To reduce the number of solu-
0.2 s T g T /! tions, additional information such as known source contri-
L L o, butions and/or source compositions can be used. This ad-

r-rrr 1 11 "I 1 "1 "T "1 "1
0 2 4 6 8 10 12 14 16 18 20 22
Hour

ditional information can be incorporated into the PMF solu-
tion by “pulling” parts of a PMF solution, such as a factor
profile or contribution. For example, if a source type has a
(®) typical ratio among elements in its source profile, a PMF-
Fig. 2. ()Box plot of AMS OM (ug nr-3) by hour, and(b) average resolved factor profille could be pulled towa_lrd that ratio if the
concentrations (g M) of selectedn /z (43, 44, 57, and 60) by ~ US€r has good confidence that the factor is related to su'ch a
hour. source. The strength of each pull is controlled by specify-
ing a limit on the change in the goodness-of-fit paraméter
dQ. If the user wishes to perform a weak pull, a small limit
estimates are based on counting statistics methods and gegp, dQ would be allowed. For a stronger pull, a large limit
erated from Squirrel (Allan et al., 2003b). For a given AMS gQ would be allowed. These pulls are activated in ME-2 by
signal, the error estimate is: the use of an optional control file called “moreparams.txt”,

X X which is generated by EPA PMF when a user specifies a pull,

S(H)=«a M 1) or can be generated as a text file by a user outside of EPA
V t(s) PMF and ME-2. When the moreparams file is present, ME-2

where the ion signal ig, the signal when the beam is open is gener:_:ues a solution wherg the ba_sg solution_is pulled as indi-

(I1(j,)), and the signal when it is blocked (8(j»)) over the cated in the moreparams file. Additional details are available

sampling timer (s), with a distribution factor. in Paatero (2004) and Norris et al. (2009).

2.3 Positive Matrix Factorization 2.4 AMS data for EPA PMF application

PMF is a multivariate factor analysis tool (Paatero and HopkeA matrix of 7455 2-min HR-AMS V-mode observations of
2009; Paatero, 1997; Paatero and Tapper, 1994, 1993) tha98 unit mass resolution (UMR) fragments made every 4 min
has been applied to a wide range of data, including 24-hiduring January 2008 at Fyfe was used in EPA PMF analysis.
speciated PMls data, size-resolved aerosol data, depositionFragments predominantly from inorganic species such as ni-
data, air toxics data, volatile organic compound (VOC) datatrate and sulfate were not retained for EPA PMF analysis.
(Kim et al., 2003; Kim and Hopke, 2004; Kim et al., 2004a; Fragmentsn/z 15, 18, 19, 20, 29, and 30 were excluded
Polissar et al., 2001; Poirot et al., 2001; Brown and Hafner,from EPA PMF analysis because of potential interference
2003; Hopke, 2003), and more recently to AMS data setswith nitrogen and oxygen. While data up to/z 700 are
(Lanz et al., 2008a; Docherty et al., 2008; Ulbrich et al., available, many fragments abowg’z 200 had low signal-to-
2009a). PMF decomposes a matrix of ambient data into twanoise (S/N) ratios (i.e., less than 6), made a minimal contri-
matrices, which an analyst then interprets to identify the rep-bution to total OM, and were collinear with a number of other
resented source types. The method is described in greatédragments. Fragments up to/z 240 were retained for EPA
detail elsewhere (Paatero, 1997; Paatero and Tapper, 1994yMF, a total of 198 fragments. Fragments with low S/N may
Ulbrich et al., and others (Lanz et al., 2008a, 2007) have alsdias the results (Norris et al., 2008), so the uncertainties of a
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given fragment were multiplied by 3 if the S/N for the frag- 60 (Lanz et al., 2007, 2008b), were evident only during the
ment was less than 6; this reduces the fragment’s influencevening and overnight hours.
on the solution. A global 10 % uncertainty was also applied Concentrations of other species such as BC, CO, and NO
to account for additional modeling uncertainty (Norris et al., showed peaks in the early morning and overnight. There was
2008). EPA PMF was run in the robust mode, which reducesonly modest correlation (i.ex? of 0.40 to 0.60) of OM and
the influence of outliers. fragments such am/z 43, 44, 57, and 60 with BC, CO,
Each observation was also classified as downwind (windand NQ,. Since BC and CO are from primary emissions
speed greater than 2msand wind direction between 90 and OM is a mixture of primary emissions and secondary
and 270 degreesV = 1360); upwind (wind speed greater products of atmospheric reactions, the modest correlations
than 2ms? and wind direction between 310 and 60 de- among these parameters suggest that a large fraction of the
grees;N = 949); other (wind speed greater than 2mhand ~ OM may be secondary in nature. OM concentrations were
wind direction between 60 and 90 degrees or between 27@imilar between upwind and downwind conditions (medi-
and 310 degreesy = 461); or calm (wind speed less than ans of 2.0 uygm? and 1.6 pg m?, respectively); there was a
2ms 1 N =4907). As an additional set of runs, EPA PMF higher median OM concentration during upwind conditions
was also applied to downwind-only data to examine whethersince these occurred during the evening, when wind speeds
factor profiles change, and how factor contributions changewere lower and the boundary layer shallower than during the
Since downwind-only data are more heavily influenced bydaytime, when downwind conditions prevailed and higher
the freeway, we may expect that a downwind-only HOA fac- wind speeds and more dispersion occurred. In contrast, other
tor would be more similar to vehicle exhaust source profilespollutants showed sharper differences between upwind and
than when all data are used. downwind conditions; for example, concentrations of pri-
The AMS PMF results were averaged up to 20-min inter-mary emission pollutants such as BC were more than three
vals to allow for matching with the collocated 5-min data, times higher under downwind conditions than under upwind
which were also averaged up to 20-min intervals. The 20-conditions (Roberts et al., 2010). Rather than being highest
min averaged AMS dataM = 1491) were also re-analyzed during downwind conditions, OM was highest during stag-
with EPA PMF to evaluate the impact of high-mass tran- nant, low-wind conditions, with an average of 3.7 ugin
sient events; profiles and contributions were then compared While OM did have a distinctive diurnal pattern in general,
to the results using 2-min data. Factor profiles were com4twas episodic during the intensive. A multi-day OM episode
pared to PMF factor profiles from earlier ambient studiesoccurred with relatively high, sustained concentrations in the
(Lanz et al., 2008a, 2007; Ulbrich et al., 2009a) as well first week (Fig. 3). The episode ended around midnight on
as to source profiles (Mohr et al., 2009; Sage et al., 200812 January when a storm front came through the area. Dur-
Weimer et al., 2008) originating from a publicly available ing the episode, OM concentrations were relatively high dur-
online database of reference spectra hosted by University ofg the overnight periods under a stable boundary layer. A
Colorado (Ulbrich et al., 2009a, 2009b). Specifically, sourceshort-duration but very high OM concentration episode oc-
profiles of Honda gasoline exhaust and diesel exhaust (Mohgurred the evening of 19 January, with the highest 2-min
et al., 2009), PMF-resolved OOA and HOA factor profiles and hourly averaged OM concentrations of the entire inten-
from Pittsburgh (Zhang et al., 2005a), BBOA factor profiles sive. Although sampling took place over four weekends, the
from Switzerland (Lanz et al., 2007, 2008b), aged diesel ex-neteorological conditions during those weekends were quite
haust profile from chamber experiments (Sage et al., 2008)ifferent, with drizzle and rain on the first weekend (Sun-
and burning and smoldering oak and chestnut wood sourcéay, 6 January), a front with high winds and rain on the sec-
profiles (Weimer et al., 2008) were used. ond (Saturday night 12 January), a stagnation episode on the
third (Saturday 19 January), and windy conditions on the last
weekend. With the low number of weekends and the wide

3 Results range of meteorological conditions, comparing weekday to
weekend concentrations may not be as useful here compared
3.1 Ambient aerosol variability and composition to data sets that comprise many weekends.

OM concentrations were generally similar whether our
OM averaged 3.3 ugnt during the January intensive cam- monitoring site was upwind or downwind of the freeway
paign and was typically highest during the evening hours(Fig. 4). This is different than for other pollutants such as
(i.e., 19:00 through 21:00 LST) with a secondary peak in theBC, where downwind concentrations were, on average, more
morning (i.e., 06:00-09:00 LST, during rush hour commute)than two times higher during downwind conditions. This
as shown in Fig. 2. AMS fragments associated with HOA, shows that the enhancement of being next to the roadway
such asn/z 57 andm/z 43, showed a similar diurnal pat- is not nearly as large for OM as for BC, since OM is a mix-
tern. AMS fragments associated with OOA, suchrgls 44 ture of primary, semi-volatile, and more oxidized material,
(COOY), showed only minor fluctuations throughout the day, whereas BC is primary material that, in a near-roadway en-
while those used as tracers of biomass burning, suekyas vironment, predominantly originates from emissions along
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49 < OMmean Temporal patterns for both sulfate and nitrate differed
lé Box e et ot percenties from the temporal pattern for OM. Sulfate concentrations
e, | heKers ot & Sot percentles were extremely low throughout the study, with a median

OM pg/m

concentration of 0.16 ugnd, and a maximum 20-min av-
erage of 0.88 ug m?. Nitrate concentrations were episodic
but were also typically low, with a median concentration of
0.54 ug nT3. Nitrate had little relationship with OM or other
measured pollutants. In a one-day episode, nitrate peaked
above 8 ugm? for three hours, after which it decreased to
$000-0500 0500-0900  0900-1600 16002100 2100-0000 approximately 2 pg m? for the next two days. This episode
occurred after a 24-h period when winds were stagnant, tem-
Fig. 4. Box plot of OM concentrations (ugT?) during downwind, ~ Peratures were low (less thar?®), and relative humidity
upwind and stagnant (wind speed less than 0.5® sonditions, ~ Was relatively high (greater than 55%), including during
grouped by time of day. the midday, which was atypical. Nitrate was greater than
1ugnT3 on a few other days, but these periods typically
lasted only a few hours. These higher concentrations oc-
curred during the day and night, with no distinct, consistent
the roadway. Like BC, OM was higher during stagnant con-diurnal pattern, unlike OM, BC, CO, and other pollutants,
ditions (those with winds less than 0.5mt}, as a shal- which peaked in the evening and early morning hours. In
low boundary layer and minimal dispersion quickly led to contrast to the inorganic species, BC had a median concen-
the buildup of pollutants. During the daytime when emis- tration of 1.24 pg m3, more than twice as high as nitrate, an
sions from the freeway may be most prominent, concentraorder of magnitude higher than sulfate, and a third of OM.
tions during downwind conditions were higher than during BC is more than twice as high at this site compared to a
upwind conditions. Only during the evening hours (17:00-site 2km away in the urban center but away from freeways
23:00 LST), when non-mobile emission sources becomegHancock Elementary School), where BC was, on average,
important, were upwind concentrations higher than down-0.5 g 3.
wind. This increase is likely due to contributions from resi-  These sulfate levels are quite low compared to most other
dential biomass burning, as explored further with PMF. areas in the US, though typical of the western US, as there
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is minimal transport of sulfate into Las Vegas and no ma- R -

jor sources of S@or sulfate upwind of the urban area. The S - -Nfght OAll
nitrate concentrations are also lower than is typical in west- S - lvaght OAl
ern urban areas. There have been limited studies of spe S8 o 'g:-ggi
ciated PM s in Las Vegas, with the 2000-2001 Las Vegas z 600’6 | :HO'A
Valley Visibility/PM2 5 study the most detailed and recent. = i

S 50% A mBBOA

Here they found wintertime sulfate concentrations, on aver-
age, lower than 0.5pugm, and average nitrate concentra-
tions between 0.2 and 0.6 pgrhat three sites (Green et al.,
2002). There are very few sources upwind, so the amount of
transported secondary organic carbon and ammonium sulfate
is generally low, though there can be transport from Califor- 0% -
nia. Some speciated R data have been collected as part

of EPA's chemical speciation network (CSN) from 2002 to

2007. Using the data from this 5-yr period, average sulfate,:ig_ 5. Summary of OM apportioned by factor number.
concentrations are 1 ugm, and average nitrate concentra-

tions are 0.89 pg e, though sulfate is lower and nitrate is

higher in the winter. These low values are corroborated by PMF factors were classified by their temporal pattern and
Chapter 2 of the IMPROVE network annual report (Hand the comparison of their profile with source profiles and pro-
et al., 2011), which shows that sulfate and nitrate concenfiles from previous studies. The typical AMS PMF factors
trations are extremely low in Las Vegas compared to otherof HOA, LV-OOA, and BBOA were resolved in every solu-
areas in the US and are lower than 1 ugmon average. tion with three or more factors, and the identification of each
Unlike most of the US or much of Europe, there is very lit- factor profile was based on its similarity to profiles available
tle coal-fired power production upwind of Las Vegas, sa@SO in the literature, the abundance of key fragments in each pro-
(and sulfate) levels are low. In many prior studies elsewherefile, and each factor’s temporal pattern. For example, the
sulfate concentrations are higher and are correlated with LV1\-OOA factors displayed a significant amount mf/z 44
OOA concentrations; however, as the sulfate levels are send were similar to the OOA factor identified in Pittsburgh
low in Las Vegas, it is unlikely that LV-OOA will correlate  and elsewhere. BBOA factors had typical tracer fragments
with sulfate. As Las Vegas is in an arid desert environmentof 1 /7 60 and 73, which are produced during AMS analysis
with little agriculture in the area, ammonia emissions are rel-of levoglucosan and related anhydrosugars produced during
atively low (e.g.,http://nadp.sws.uiuc.edu/nh3netso am-  biomass combustion (Lanz et al., 2008b, 2010; Alfarra et al.,

monium nitrate formation may be limited by the availability 2004). The HOA factors were similar to the HOA factor from
of ammonia. Nitrate has been observed to often correlateittsburgh and a diesel exhaust source profile.

with SV-OO0A, as both may be associated with similar trans-  With more than three factors, semi-volatile OOA (SV-
port and formation mechanisms. When nitrate formation isOOA) was also resolved. This factor's profile was similar to
limited by ammonia availability, however, there is little rea- that of aged diesel exhaust and was more episodic than HOA

40% -+
30% -
20% -
10% -

3 4 5 6
Factor number

son to expect it to correlate with SV-OOA. or LV-O0A profiles. With five and six factors, additional fac-
o tors that occurred during the nighttime were resolved. The
3.2 EPA PMF application to AMS data summary additional nighttime factors occurred nearly every night co-

incident with BBOA between 17:00 and 02:00 LST, and con-

tributions were higher with low wind speed conditions and

ith winds from the north (upwind). With peaks af/z 41,

, 55, and 91, it is unclear what these “night OA’ factors

may represent. The change in the BBOA between the four-

. : and five-factor solutions and its temporal variability suggest
these runs, the ratio g2 to expected (theoreticald, scaled o 5 ygitional fifth factor may be related to biomass burn-

escls, 70/ Oy agmentand sampe and 4 o e ek of nown taor fagmenis and corlaon
P P piot: . .. . Wwith source profiles makes this link difficult to prove. We fo-
parameters are not stable for a given number of factors, it in-

) o ) . cused the remainder of the analyses on the four-factor solu-
dicates that a global minimum was not consistently achlevedtion Fiqure 5 summarizes the amount of OM anportioned b
and that a solution may not be stable (Norris et al., 2009 -9 PP y

. . factor. Table 1 summarizes the correlation of factor profiles
2008). In all solutions, the total OM was well apportioned _ . .
(i.e.. slope equal to.0+0.10) andr? was greater than 0.95 with selected source, aged source, and PMF factor profiles

between apportioned and total OM. from other studies.

Three- to six-factor solutions were explored with EPA PMF.
Initially, 50 runs from a random seed were performed for
each number of factors. Random starting seeds were use
to increase the likelihood of finding a global minimum of
the goodness-of-fit parametap,. The stability of O over
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Table 1. Correlation ¢2) of PMF factor profiles with PittsburdhOOA PMF profile, Pittsburgh HOA PMF profile, diesel exhaust source
profile?, aged diesel exhaust profilecharbroift source profile, oak-flanfesource profile, oak-smolder source profile, chestnut-flame source
profile, chestnut-smolder source profile, and Ievogluc%mnfile. Correlations from 0.80 to 0.90 are denoted in italics, and those greater
than 0.90 are denoted in bold.

N Factor Pitt gas- Diesel Pitt Aged charbroil Oak Oak levo- Chestnut Chestnut
HOA oline OOA  diesel smolder  flame glucosan flame smolder
3 LV-O0A 059 058 058 0.98 0.95 0.26 088 0.91 0.74 0.83 0.89
HOA 097 092 095 0.46 0.75 0.57 029 0.71 0.49 0.50 0.62
BBOA 0.80 0.73 0.76 0.67 0.82 0.40 0.44 0.89 0.77 0.77 0.85
4  LV-O0A 038 039 038 099 o087 0.13 0.93 0383 0.70  0.80 B4
HOA 099 096 098 0.48 0.77  0.60 0.32 0.69 0.48 0.50 0.62
BBOA 047 041 044 0.59 0.64 0.20 039 075 080 0.77 0.80
SV-O0A 091 084 087 057 0.79 0.49 0.37 0.80 0.58 0.60 0.71
5 LV-OOA 046 046 046 0.99 0.90 0.18 091 0.88 0.72 0.82 0.87
HOA 099 097 098 047 0.78 0.61 0.32 0.68 0.49 0.50 0.62
BBOA 071 069 069 086 091 0.37 0.69 0.95 0.89 0.91 0.97
SV-O0A 090 082 0.85 0.56 0.78 0.47 0.37 0.79 0.56 0.58 0.69
Night OA1 0.60 0.51 0.59 0.42 0.61 0.27 0.26  0.57 0.30 0.35 0.45
6 LV-OOA 0.13 0.16 0.15 0.59 0.46  0.05 0.54 047 0.44 0.1 0.51
HOA 0.12 0.17 0.14 0.55 0.38 0.11 0.60 0.42 0.43 049 0.48
BBOA 024 026 0.24 0.72 0.57 0.13 0.66  0.59 0.56 0.63 0.64
SV-O0A 024 028 0.25 0.61 0.48 0.12 0.60 0.54 0.54 0.59 0.61
Night OA1 0.33 0.36 0.34 0.54 0.48 0.16 0.47 0.53 0.55 0.56 0.61
Night OAll 0.14 0.16 0.15 0.49 0.35 0.03 0.47 042 0.42 044 0.47
012 b b bt b b bt bt bt bt byt
£ o.oai |
3
2 o004
0.00 ||| ..I_I.l.- LT
- 016
5 o
2 oo | |
- 0.00 d || e
g 012
S oos
S omj
@ 0.00 —
c,,30x1o
; ‘
2
@ || | || |||“ IIIII'II |||I |In II -Illm I|I|| ....... 0 1 — | .......... .t | N -

1.1
IIIIII]IIIl|IIIl[IIIIIIIII|IIIIIIIII|IIIIIIIII|IIII|I

100
m/z

20 40 60 80 120 140 160 180 200

Fig. 6. PMF factor profiles through:/z 200 for the four-factor solution.

tions by hour, and a time series of concentrations are pro-
vided in Figs. 6 through 8. Figure 9 provides scatter plots of
. . factor contributions with selected collocated measurements:
Thg ;chg’;\sf'” the fot” -factor SO'“}'OT ngAHg\/j OL(\J’AO?A HOA with BC, HOA with CO, SV-OOA with nitrate, and LV-

?n T Hgiors dp E\j ?)Zim]i V(: atile b( t ) Iac q OOA with sulfate. Factor profiles were compared to profiles

or. € an actors were betler resoived 4, qilable in the literature to help confirm identification; re-

than in the three-factor solution. Profiles of each factor, thegressmn statistics were reported using Pearson correlation

average factor concentration plus other species’ concentra-

3.3 Four-factor solution
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(r% = 0.86). This factor is most likely from residential wood
W burning in the evenings rather than wildfire emissions since
: there was little regional wildfire activity in the winter; fur-
thermore, the contribution was nearly zero during the day-
time, with a sharp rise in concentrations nearly every evening
after 17:00 LST that peaked around 21:00 LST. While the
BBOA factor concentration began to decrease after around
21:00 LST, its relative contribution to OM remained above
15 % until after midnight. The factor was highest in terms of
both concentration and relative contribution to OM under low
N wind speed conditions (i.e., less than 2 This profile
\_’_;/\ is similar to a smoldering Chestnut profile?(= 0.80) and
T the levoglucosan combustion profile?(= 0.80) (Schneider
S A AL et al.,, 2006). This BBOA factor is mostly associated with
winds from the north and west—the direction of a large res-
Fig. 7. PMF factor contributions, OM, BC, CO, and wind speed idential neighborhood upwind of the freeway. When using
averaged by hour. five factors, the BBOA factor profile has even better correla-
tions with both of these profiles-{ of 0.89 and 0.91), plus
anr? of 0.95 with an oak flaming profile. However, since the
values, and each scatter plot associated with the regressidifth factor is unidentified, we have focused on the four-factor
statistics was examined to ensure that the correlation was nafolution.
biased by the large range of concentrations of the individual The HOA factor accounted for 26 % of the OM and had
m/z fragments. Bootstrapping, in which many runs are usedpeaks ofm/z 41, 43, 55, 57, and other fragments typical
to gauge the uncertainty of the base solution (in this casef hydrocarbon-like fragments. HOA concentrations were
300 runs with a2 of 0.60), showed good reproducibility of - highest during the early morning and overnight periods, and
the factors. All factors were reproduced at least 98 % of theas a percent of total OM, the factor’s contributions were
time, demonstrating that these factors are stable and charagighest during the early morning (06:00-08:00 LST). The
terize the solution space well. HOA factor profile has a high correlation with diesel exhaust
The LV-OOA factor displayed the typical high amount of (2= 0.98) and gasoline exhaust¥(= 0.96) source profiles
m/z 44 but with a lower amount of:/z 43 than in the three-  (Mohr et al., 2009). The HOA profile here was very similar to
factor solution, and it showed a high correlation with the that observed in Pittsburghq= 0.99). This factor is likely
Pittsburgh OOA factor profile-€ of 0.99; Table 1). LV-OOA heavily influenced by the mobile emissions on the adjacent
accounted for 26 % of the OM with four factors and showed freeway but may also have originated in part from other
only small diurnal variability in its concentration, though it sources. Similar to concentrations of BBOA and other pol-
was a much greater percentage of the OM during the daylutants such as BC, HOA concentrations rapidly decreased
time than at other times. Similar to other factors and to-with increases in wind speed, though on a relative basis there
tal OM, LV-OOA concentrations were lower at higher wind was no significant difference in its contribution. With sus-
speeds, though it was a higher percentage of OM at highetained winds (i.e., greater than 2m'$, HOA concentra-
wind speeds. LV-OOA showed little correlation with other tions were significantly higher under downwind conditions.
pollutants; ozone, which often showed a moderate correlaHOA had modest correlation with collocated measurements
tion with LV-OOA in other studies, was not measured here.of CO (-2 = 0.66), NO, (r2 = 0.64), and BC £2 = 0.68).
Sulfate is also often correlated with LV-OOA, but during this This may be in part because BC, CO, and,Ntave large
study sulfate levels were extremely low, with a median of differences between upwind and downwind conditions. For
0.16 ug N3, LV-OO0A is heavily oxidized and likely part of ~example, during November — March, BC is twice as high un-
a background OM, and it may be transported into Las Ve-der downwind conditions (average 2.3 ug#hthan upwind
gas over multiple days. In addition, there are very fews SO conditions (average 1.2 ugm), while OM (and HOA) do
sources upwind of Las Vegas, so there is very little sulfatenot have as large a difference.
transported into the area. Thus, we may not expect LV-OOA The last factor resolved was semi-volatile OOA (SV-
concentrations to be correlated with sulfate here. OOA), which accounted for 35% of the OM. It showed
The BBOA factor accounted for 12 % of OM, on average, strong peaks of:/z 41, 43, 55, 57, 67, 69, and 71 but also
and was similar to the BBOA factor found in the three-factor had some contribution from/z 44, with a 43/44 ratio of 6,
solution. This factor had more than 60 % of th¢z 60 frag-  almost half the value for HOA (11). The SV-OOA factor pro-
ment, which is associated with levoglucosan and related anfile had a moderate correlation with Pittsburgh HOA and with
hydrosugars (Lanz et al., 2008b; Alfarra et al., 2004); thechamber-aged diesel exhaust pf 0.91 and 0.79, respec-
contribution from BBOA was well correlated witt /z 60 tively). SV-OOA contributions were highest in the evening
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Fig. 8. Time series of PMF factor contributions, BC, sulfate, nitrate, and OM (all in ﬂﬁ)nplus wind direction. Times when the monitoring
site is downwind are outlined by the dashed box.

and overnight hours, though on a relative basis its contribufactors was inconclusive, since the fifth factor was similar to
tions were generally very consistent across all hours. LikeSV-OOA and COA but was generally collinear with BBOA,
HOA, SV-OO0A factor contributions decreased with higher it was unclear what this fifth factor represented, so we have
wind speeds, but its relative contribution was not signifi- retained the SV-OOA label for this factor, with the caveat that
cantly different among wind speed ranges. In other studiesthere is likely some COA influence.
this factor sometimes has a modest correlation with nitrate. To help confirm factor identification and understand the
Here, nitrate was extremely episodic, in that its concentra-OM composition difference between upwind and downwind
tions were less than 0.5 pgrhhalf the time, with a day-long  conditions, we examined the factor contributions during
episode of concentrations greater than 4jrdrand a few  downwind (V = 1360) and upwindX = 949) conditions and
hours during which concentrations intermittently exceededcompared them to the average over the study period. We
2ugnT 3. In contrast, SV-OOA was present during nearly also examined the OM composition under downwind con-
the entire study and had a modest diurnal pattern similar taditions (N = 195) from 05:00 to 09:00 LST, when the im-
other factors where it was highest in evening hours. pact from emissions on the freeway is expected to be high-
It is also possible that the SV-OOA factor contains someest. Results are summarized in Fig. 10. As expected, HOA
contribution from cooking organic aerosol (COA), as the SV- contributions are higher under downwind conditions; during
OOA factor shows similarities in both profile and temporal moming downwind conditions, HOA accounts for 49 % of
patterns to a COA factor found in London and Manchesterthe OM. SV-OOA was, on average, similar during upwind,
(Allen et al., 2010). Similar to the COA profile, the largest downwind, and stagnant conditions, except during morning
peaks in the SV-OOA profile are at/z 41 andm/z 55, and ~ downwind situations when it was only 23 % of the OM. The
in both profilesn/z 41 is greater tham /z 43 andm /z 55 is minimal difference with different wind directions suggests
more than twicen/z 57; this is in contrast to HOA, where thatSV-OOA s a slightly aged factor that is not characteristic
m/z 43 is greater tham/z 41, andm/z 55 is only slightly ~ of direct, primary emissions. BBOA contributions were low,
higher thann/z 57. Similar to the COA factor, our SV-OOA on average, under downwind conditions and higher (16 % on
factor peaks, on average, in the evening, again in contrast tgverage) during upwind conditions. LV-OOA contributions
HOA, which peaks in the morning and evening hours associwere relatively lower during morning downwind conditions
ated with rush hour. There are, however, times when the Svand relatively highest during midday periods, regardless of
OOA factor is high that are not likely periods of high cooking Wind direction.
emissions, such as late morning or midday. Expanding to five
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Fig. 9. Scatter plot comparisons of PMF factor contributions f@} HOA and BC;(b) HOA and CO;(c) SV-OOA and nitrate; an¢d)
LV-OOA and sulfate.

3.4 Further analysis using ME-2 rotational tools in EPA The four-factor solution was further explored with ME-
PMF 2 rotational tools available in EPA PMF. In each scenario,
fragment ratios in factor profiles were pulled toward source
Fpeakis a parameter available in PMF to rotate the entire so-profile ratios. In one scenario, the ratiomfz 43/44 in the
lution, a process that can help indicate if there is rotationals\y-OOA factor (6.75) was pulled toward the/z 43/44 ratio
freedom in the solution. G-space plots of the base solutionn the 5-hour aged diesel exhaust profile (1.34). In another
show distinct edges, indicating some factor interdependencescenario, then /z57/55 and 41/43 ratios in HOA (0.78 and
To ascertain whether the solution changes or whether thesg.80) were pulled to the ratios in the diesel exhaust profile
edges can be rotated to the y- and x-axes, rotation Ui (1.03 and 0.69, respectively). The BBOA factor ratiomgf;
was performed. PMF runs were conducted WitRakvalues  60/91 was pulled to the chestnut smolder profile ratio (1.96
atincrements of 2 between 8 and 8 for a total of eight runsto 7.20). Lastly, 157 points along an apparent edge in the SV-
In general, minimal change was seen in the factor profile,0OA versus LV-OOA G-space plot were pulled in an attempt
contributions, and G-space plotg, increased by less than to force additional independence between these factors. See-
0.1% for the runs with the highegheak value and by even  ing how the solutions change, in terms of factor profiti,
less under othefpeak values. Since there is little change in and G-space plots, can help us understand the stability of the
the solution withFpeakinduced rotations, the base solution original solutions. Different maximurdQ values were al-
appears to be rotationally unique. The oblique edges in thg@owed for each combination; 1% and 3 % @frobust) were
G-space plots may be due to co-dependence among factorgalculated, and these values were used for the maxig@m
or modeling errors, such as variation in true source profilesallowed for a given pull. In the G-space pull, each point was
during the monitoring campaign. allowed adQ of 0.2 %, for a totatlQ of 31 %.
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Table 2. Summary of pulls on the four-factor solutions, all with a maximum allowl€dof 1 %, except for one iteration with BBOA to
Chestnut smolderdQ= 3 %), and except for the edge points pull, which had a total allod¥@df 31 %, or 0.2 % per point with a total of

157 points.
Pull SV-0O0A to Aged HOA to Diesel BBOA to Chestnut BBOA to Chestnut Edge points on
Diesel Smolder Q=1 %) Smolder Q=3 %) SV-OO0A vs. LV-OOA
Target Ratiom/z 43/44 from Ratio m/z 57/55 from Ratio m/z 60/91 from Ratio m/z 60/91 from 157 points pulled to
6.75t0 1.34 0.78 to 1.03 and ratio 1.96to 7.20 1.961t07.20 axis
m/z 41/13 from 0.80 to
0.69
Change in Yes Yes Yes Yes Yes
target values?
dQ 0.1% 0.5% 0.4% 1.3% 8.8%
Improved Worse LV-OOA vs. No change No change No change No change but for
G-space plot?  SV-OOA plot forced points
LV-O0A Declinedr? from 0.99  No change No change No change No change
vs. Pittsburgh  t0 0.93
OOA
HOA vs. Diesel  No change Slightly better No change No change No change
BBOA vs. Slightly better; Improvedr2 from 0.79 Improvedr2 from 0.79 Improvedr2 from 0.79 Improvedr2 from 0.79
Chestnut excl.m/z44 to 0.87 t0 0.88 t0 0.86 t0 0.93
smolder
SV-00A Improvedr2 from 0.62  Slightly worser? from  Worser2 0.62t0 0.56, Worser2 0.62 to 0.56, Improvedr2 from 0.69
vs. Aged t0 0.69 0.62t0 0.57 due tom/z 44=0 due tom/z 44 =0 t00.72
Diesel
Other changes 0m/z 44 in BBOA Large decrease im/z In SV-OOAm/z44=0; InSV-OOAm/z44=0; SV-OOAm/z43/44
of note factor; unreasonable 44 in SV-0O0A, unreasonable result in BBOA m/z 55=0; ratio changed from
result resulting in 43/44 ratio unreasonable result 441029
of 21, higher than HOA
ratio of 10
100% - The results from these pulls are summarized in Table 2 and
;:‘;Zgﬁ Fig. 11. Since results were similar withQ values of 1%
80% 1 wo4OA and 3 %, only th&lQ of 1 % are shown, except for the BBOA
z B%BBOA pull, where both are provided as an example. In general, most
: pulls resulted in only minor changes in the HOA and LV-
0% 1 OOA factor profiles and contributions. For example, when
the HOA factor was pulled toward the diesel exhaust profile,
20% - the correlation between the two increased by only 0.02. In all
pulls, the correlation between BBOA and the chestnut smol-
e g T = x| o3 8 s der profile improved (e.g., correlation improved from 0.79 to
= = = = s bl . .
= £ < % &t 2 2 0.88 with the BBOA pull). However this was often at the
2 ; K} g expense of the SV-OOA profile, where the amounugt;
2 44 was much lower compared to the base solution, and in

some pulls, was actually zero. While LV-OOA and HOA did
not vary much between these pulled solutions, the changes in
SV-O0A and BBOA profiles and contributions suggest some
rotational freedom in these two factors. LV-OOA and HOA
factors are similar across many studies, but the SV-OOA and
BBOA factors vary among studies, and within this study un-
der different pulling scenarios, because these factor profiles
represent semi-fresh factors that are likely changing minute-
to-minute in the atmosphere. Overall, the pulling results

Fig. 10. Attribution of OM by factor in the four-factor solution
over all data, during downwind conditions only, during downwind
conditions between 05:00 and 09:00 LST only, during downwind
conditions midday, during upwind conditions only, during stagnant
conditions, and during 23:00-05:00 LST only.
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100% - helped to better characterize the solution space, but the addi-
B%LV-00A tional “night OA” factors are not easily attributable to known
9% | 0% SV-O0A . .
80% 8o BEOA sources. Oblique edges were present in G-space plots, sug-
m%HOA gesting that the obtained rotation may not be the most plau-

5% 1 sible one. Since solutions found by pulling the profiles or

using Fpeak retained these oblique edges, there appears to be
little rotational freedom in the base solution.

40% A

% OM

20% o The Q/ Qexp ratios for most fragments were around unity
(i.e., between 0.8 and 1.3), indicating that the obtaiged
0% . s 5 & 8 8 8 values were approximately equal to the expected values (see
M S AR Fig. 2 in Supplement for a summary). Some fragments had
R & & ROl O/ Qexp ratios below 0.5, indicating that computei val-

ues were significantly smaller than the expec@dalues.
This discrepancy is most likely due to the global uncertainty
(sij increase of 10 %), since th@/ Qexp ratios for somen /z
were fairly low, the 10% value may be too high for these

Fig. 11. Attribution of OM with four factors for base run (base);
ratio of m/z 41/43 in the HOA profile pulled toward the diesel ex-

haust profile (HOA pull); ratio ofz/z 43/44 in the SV-OOA profile .
pulled toward the 5-h aged diesel profile (SV-OOA pull); ratio of m/z but appropriate for many other fragments. T¢Qexp

m/z 60/91 in the BBOA profile pulled toward the oak-flame source 'atios were between 1.3 and 2 for severglz, indicating
profile with differentd Q values (BBOAZQ 1 and 3 pull)yn/z 44  that the average residuals are between 11 and 14 %fof x
in LV-OOA profile pulled up maximally (LV-OOA pull); and edge thesen/z, sinceQ depends quadratically on the average size
points on the HOA/LV-OOA G-space plot pulled down to the y- and of the residuals. Th@ contributions drop sharply beginning
x-axes (Gspace pull). atm/z =198, as most of these fragments had low S/N ratios
and were downweighted. The large residuals may indicate
that the PMF solution does not fully characterize these frag-
indicate that the base solution is likely at a glolgBhinimax ~ ment<. Inaccurate subtraction of the inorganic component
and that there is little rotational freedom in the unpulled, from x;; before PMF analysis is a possibility, though many
base solution, in particular regarding the contributions of SV-of the fragments with high® / Qexp do not have an inorganic
OOA and BBOA. component. More likely, the large residuals are due to the
With the G-space pull, 157 points along an edge in the LV-variation of factor profiles with time and/or to the presence
OOA/SV-OO0A scatter plot were pulled to reduce LV-OOA of an occasional, spurious, or localized source(s).
to zero. LV-OOA concentrations on these points were suc- \While factors in the four-factor solution are similar to
cessfully reduced towards zero, so that the edge was lesgose observed elsewhere, the apportionment of mass among
well defined. This resulted in@Q of 9%, but an improve-  them is different from that seen in other studies. This dif-
ment in the comparison of the BBOA profile to the chestnutference is expected because a number of the previous studies
smolder profile £ from 0.79 to 0.93) and in the SV-O0Ato  gccurred in the summer and/or in environments with a higher
aged diesel profile comparisor?(from 0.69 to 0.72). The  amount of oxidized aerosol than the present study. Previous
SV-OOA m/z 43/44 ratio also decreased from 4.4 to 2.9, studies in Los Angeles, Pittsburgh, rural British Columbia,
which is similar to the ratio of other studies summarized in and elsewhere have typically found that at least one-third of
Ng et al. (2010). HOA and BBOA contributions increased, the OM was attributable to LV-OOA, originally termed OOA
while LV-OOA and SV-OOA contributions decreased. Even | (Allan et al., 2003a; Alfarra et al., 2004; Dzepina et al.,
thoughQ increased by 9 %, these results are useful to showpp07; Sun et al., 2009). The lower amount of LV-OOA ob-
that contribution pulls based on the G-space plots helped imserved during the wintertime Las Vegas study could be due
prove the factor profiles, and to show what may be the boundso |ess transported/aged aerosol, lower biogenic emissions,
in the base solution results. and/or less overall atmospheric oxidation compared to sum-
mertime. In Zurich, a wintertime study found 52 % to 57 %
_ _ of the OM to be LV-OOA (Lanz et al., 2008a), 69 % of which
4 Discussion originated from non-fossil sources such as wood burning. In
Las Vegas, there is a much lower concentration of BBOA
Evaluating solutions with different numbers of factors, com- than in zurich, leading to a smaller concentration of LV-OOA

paring profiles to source profiles, examining temporal trendsfom non-fossil sources and a smaller concentration of LV-
and exploring rotational ambiguity with the rotational tools ooa overall.

available in ME-2 can lead to a greater understanding of the

AMS data set. In general, all the factors were consistent un- 7 fragments with highg/ Qexp includem /z = [44, 60, 73, 85,
der multiple scenarios, suggesting high confidence in theige, 111, 112, 113, 114, 123, 124, 125, 126, 137, 138, 140, 141,
apportionment. Increasing the number of factors from four154, 155, 156].
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5 Conclusions

EPA PMF v4.0, with its new rotational tools, was success-
fully applied to a near-road, high time resolution AMS data
set. HOA was a quarter of the OM (24 %), and higher under
downwind conditions (about 40%). In addition to this lo-
cal, primary OA, there was a highly oxidized background o
OA (LV-OO0A) that, on average, constituted 29 % of the OM,

and a less oxidized, semi-volatile fraction that accounted for
34 % of the OM. During the evening hours, biomass burning
(BBOA) was also seen, likely from the surrounding residen-

S. G. Brown et al.: Receptor modeling of near-roadway aerosol mass spectrometer data

M. R., Prevot, A. S. H., Dommen, J., Duplissy, J., Metzger,
A., Baltensperger, U., and Jimenez, J. L.: O/C and OM/OC ra-
tios of primary, secondary, and ambient organic aerosols with
high-resolution time-of-flight aerosol mass spectrometry, Envi-
ron. Sci. Technol., 42(12), 4478-448%i:10.1021/es703009q
2008.
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the PMF solution space, increasing our confidence in the re-

sults.
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