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Abstract. Knowledge of the variations of mass concentra- (sulfate, ammonium, and nitrate) and oxygenated OA (OOA)
tion, chemical composition and size distributions of sub-showed much smoother variations indicating minor impacts
micron aerosols near roadways is of importance for reducfrom traffic emissions. The concentration and chemical
ing exposure assessment uncertainties in health effects studoemposition of NR-PM also varied differently on different
ies. The goal of this study is to deploy and evaluate andays depending on meteorology, traffic intensity and vehicle
Atmospheric Sciences Research Center-Mobile Laboratoryypes. Overall, organics dominated the traffic-related NR-
(ASRC-ML), equipped with a suite of rapid response instru- PM; composition 60 %) with HOA accounting for a ma-
ments for characterization of traffic plumes, adjacent to thejor fraction of OA. The traffic-influenced organics showed
Long Island Expressway (LIE) — a high-traffic highway in two distinct modes in mass-weighted size distributions, peak-
the New York City Metropolitan Area. In total, four mea- ing at~120nm and 500 nm (vacuum aerodynamic diameter,
surement periods, two in the morning and two in the eveningD,5), respectively. OOA and inorganic species appear to be
were conducted at a location approximately 30 m south ofinternally mixed in the accumulation mode peaking-a00—

the LIE. The mass concentrations and size distributions 0600 nm. The enhancement of organics in traffic emissions
non-refractory submicron aerosol (NR-PMspecies were mainly occurred at ultrafine mode dominated by HOA, with
measured in situ at a time resolution of 1 min by an Aero-little relation to the OOA-dominated accumulation mode.
dyne High-Resolution Time-of-Flight Aerosol Mass Spec- From Fast Mobility Particle Sizer (FMPS) measurements, a
trometer, along with rapid measurements (down to 1 Hz) oflarge increase in number concentrationdt) nm (mobility
gaseous pollutants (e.g. HCHO, BONO, Cs, and CQ, number mean diameteb),,) was also found due to traffic in-
etc.), black carbon (BC), and particle number concentrationdluence; though these particles typically contribute a minor
and size distributions. Particulate organics varied dramatfraction of total particle mass. The observed rapid variations
ically during periods with high traffic influences from the of aerosol chemistry and microphysics may have significant
nearby roadway. The variations were mainly observed inimplications for near-highway air pollution characterization
the hydrocarbon-like organic aerosol (HOA), a surrogate forand exposure assessments.

primary OA from vehicle emissions. The inorganic species
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1 Introduction metric mean diameters of 13, 27, and 65 nm, respectively,
within a distance of 30m (Zhu et al., 2002b). The num-
On-road vehicle emissions constitute a major source of ultraper distributions rapidly evolved to larger sizes within 30—
fine particle pollution and gaseous pollutants (e.g. CO2,CO 90m downwind of freeways due to condensation and co-
NOy, and volatile organic compounds (VOCs)) in urban en- agulation. Particle composition in vehicle exhausts may
vironments (Rogge et al., 1993; Kirchstetter et al., 1999; Zhualso change dramatically because of size evolution (Zhang
et al., 2002a; Canagaratna et al., 2004, Kolb et al., 2004¢t al., 2004). The concentrations of primary emission trac-
Zavala et al., 2006; Thornhill et al., 2010). In particular, ers CO, BC, and hydrocarbon-like organic aerosol (HOA)
the number concentrations of ultrafine particles (UFP) fromalso tracked the exponential decrease of particle number
vehicle emissions have been found to account for a majoconcentrations as the distance from the freeway increased
fraction of total number concentrations though they might(zhu et al., 2002a; Canagaratna et al., 2010). Similarly,
contribute a small fraction of total volume and mass (ZhuRoorda-Knape et al. (1998) observed the curvilinear decrease
et al., 2002b; Ban-Weiss et al., 2010). Growing evidenceof black smoke and N®with distance from the motorway
shows that people living or otherwise spending substantiabdepending on wind direction and traffic intensity.
time within ~300 m of highways are exposed to these pollu- Despite extensive measurements of on-road vehicle emis-
tants more than persons living a greater distance (Massoli edions, investigations of particle composition are rather lim-
al., 2012). Exposure to the traffic-related air pollutants is as-ted. Since particle composition is a factor determining par-
sociated with the adverse health effects including the prevaticle toxicity, there is a need for characterization of fine par-
lence of asthma and chronic obstructive pulmonary diseasécle chemistry in different environments. The measurements
(COPD) diagnosis, reduced lung function in children, andof elemental composition near a busy Southern California
potential cardiac and pulmonary mortality (Brunekreef et al.,freeway found elevated concentrations of toxic trace met-
1997; Brugge et al., 2007; Lindgren et al., 2009; Pope etals (e.g. Sh, Cu, Ba etc.) in PM with aerodynamic diame-
al., 2009). Studies also suggest that the UFP measurementsr smaller than 0.18 um from the vehicles emissions (Ntzi-
should be conducted in the vicinity of freeway for expo- achristos et al., 2007). The enrichments of primary traffic
sure experiments since UFP number concentration measureshissions including BC and the toxic metals listed above
at 300 m downwind from the freeway was indistinguishable were also observed while comparing particles collected si-
from upwind background concentration (Zhu et al., 2002a). multaneously at urban background, traffic and heavy traffic
The pollutant levels and aerosol properties vary rapidlylocations (Amato et al., 2011). In contrast, secondary species
as a function of traffic type, traffic flow, meteorology, at- such as sulfate and ammonium did not show consistent
mospheric mixing conditions and chemical reactions overenrichments due to their low vehicle emissions.
short distances near highways. The high variability of near- The aerosol mass spectrometer (AMS) (Jayne et al., 2000;
highway pollution levels remains a challenge for exposurelJimenez et al., 2003; Drewnick et al., 2005; DeCarlo et
assessment. In order to capture the rapid changes, mobil&l., 2006) allows us to measure non-refractory submicron
laboratories equipped with fast response systems (usuallgerosol (NR-PM) species (organics, sulfate, nitrate, ammo-
1s) are often deployed to measure gaseous and particulatdum, and chloride) with time resolution from seconds to
pollutants (Canagaratna et al., 2004; Kolb et al., 2004; Hernminutes. A vehicle chasing study involving a Quadrupole-
don etal., 2005; Zavala et al., 2009; Canagaratna et al., 20108MS deployed inside the Aerodyne mobile laboratory found
Thornhill et al., 2010). The roadside stationary measure-that aerosol particles from diesel emissions show very similar
ments, chase studies, and fleet average sampling with difspectral patterns to that of lubricating oil, and that their mass-
ferent driving modes have been conducted to investigate theveighted size distributions peak-a80 nm in vacuum aero-
variability of gases and particle emission ratios (Zavala et al. dynamic diameterslj,,) (Canagaratna et al., 2004). Chem-
2009). A recent study combining the fast on-road measureical composition measurements of individual ambient spikes
ments of vehicle emissions and positive matrix factorizationduring morning rush hours by a nano-aerosol mass spectrom-
(PMF) receptor modeling within the Mexico City Metropoli- eter showed low O/C ratios (generaky0.5), consistent with
tan Area (MCMA) was able to distinguish gasoline from their primary characteristics (Zordan et al., 2008). Durant et
diesel emission exhaust (Thornhill et al., 2010). Gasoline-al. (2010) observed a similar downwind profile of organics to
powered vehicles were found to contribute mostly to CO, particle number concentration and NO with the highest con-
aromatic and carbonyl species, and ammonia, but a smaltentration at 34 m and then a decrease-@ftimes within
fraction of PMp s and BC from the total vehicular emissions. 100-250 m from the highway. Nitrate and sulfate, however,
Most previous roadside measurements have been foshowed little spatial variation with distance from the high-
cused on particle number concentration and gaseous specigsy due to their minor contributions from vehicle emissions
(Morawska et al., 2008; Klems et al., 2010, 2011). Mea-(Canagaratna et al., 2010).
surements of particle number concentration and number- The relatively newer version of AMS, i.e. High Res-
weighted size distributions downwind of a freeway in Los olution Time-of-Flight Aerosol Mass Spectrometer (HR-
Angeles showed three distinct ultrafine modes with geo-AMS) allows resolving most ion fragments belowz< 100
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(DeCarlo et al., 2006) and determining the elemental com-
position (C, H, O, and N) of organic aerosol (OA) (Aiken
et al.,, 2008). In addition, Positive Matrix Factorization
(PMF) analysis of high resolution mass spectra can fur-
ther deconvolve OA into different components correspond-
ing to different sources and properties and playing differ-
ent roles in atmospheric chemistry (Ulbrich et al., 2009; |
Zhang et al., 2011).

Knowledge of particle composition and size distributions,
and the causes of their variations near roadway, is of impor-
tance for exposure assessment in health studies. Given that
pollutants from vehicle emissions may vary significantly in a
short time near highways throughout the day, there is a need
for multiple roadside measurements of gaseous and particlgig. 1. Map of sampling sites ofA) DEC ambient monitoring sta-
pollutants at different times and on different days to under-tion, (B) Parking Lot 6, andC) Parking Lot 15. An MTA bus stop
stand these changes. In the present work, we conducted foui#) is~2m north of ASRC-ML (b).
roadside measurements, i.e. two in the morning and two in
the evening, from a mobile laboratory equipped with a suite
of fast response instruments during the summer 2009 Fiel@ampling site is~06:14a.m. and 07:23 a.m. respectively. In
Intensive Study at Queens College in New York (Sun et al. total, four measurement periods, two in the morning (03:41—
2011b; Lin etal., 2012). The objective of our study is to char- 08:49 a.m., 28 July; 04:24-10:06 a.m., 30 July) and two in
acterize the variations of mass concentrations and chemicdhe evening (02:50-05:12p.m., 27 July; 05:09-10:00 p.m.,
composition of NR-PM species, size distributions of NR- 1 August), were conducted during this study. Except for

PM; species and OA components, and oxidation states othe four roadside experiments, the ASRC-ML was situated
OA near a highway in different days. at parking Lot 6 (Fig. 1, site B) for routine measurements of

aerosols and gaseous species from 13 July—3 August, 2009
(Sun et al., 20114, b). It should be noted that an Aerodyne-

2 Methods ML (Kolb et al., 2004) was deployed in parallel to the ASRC-
ML in the morning of 28 July with a focus on characterizing
2.1 Sampling site and measurements the concentration gradients of aerosols and gaseous species

in the vicinity of the LIE and adjacent residential commu-
The roadside measurements were conducted at the parkingjties to improve our understanding of population exposures
Lot 15 on the campus of Queens College (Fig. 1, site C) with(Massoli et al., 2012).
the state-of-the-art Atmospheric Sciences Research Center- Size-resolved NR-PMspecies (organics, sulfate, nitrate,
Mobile Laboratory (ASRC-ML). The ASRC-ML was built ammonium, and chloride) were measured in-situ by an Aero-
upon a 2007 diesel powered Dodge 2500 Sprinter Vandyne HR-AMS that was operated inside the ASRC-ML (Sun
equipped with catalytic diesel filter trap emission control. et al., 2011b). In order to capture the fast variations of
During the roadside measurements, all the instruments weraerosol species, the HR-AMS was operated under the mass-
powered alternatively between a 4 kW gasoline generator andensitive V-mode and the high mass resolutis@00) W-
rechargeable Li ion batteries. A more detailed descriptionmode alternatively every 1 min. Under V-mode operation,
of the ASRC-ML has been given in Lin et al. (2012). The the AMS cycled through the mass spectrum (MS) mode and
ASRC-ML was situated-30 m south of the Long Island Ex- the particle time-of-flight (PToF) mode every 30 s. The paral-
pressway (LIE, 1-495), one of the busiest high-traffic high- lel measurements inside ASRC-ML include absorption coef-
ways in the NYC metropolitan area, and m from the Ho-  ficient (Bap9 by a DMT single-wavelength (781 nm) Photoa-
race Harding Expressway (HHE), the frontage road of thecoustic Soot Spectrometer (PASS-1), formaldehyde (HCHO)
LIE. The LIE has three westbound lanes and three eastboundnd NG by an Aerodyne Quantum Cascade Laser (QCL)
lanes with an additional lane exiting the LIE to the HHE. The Spectrometer, C®and HO by a Li-COR CQ analyzer,
Kissena Blvd with three northbound lanes and three southirace gases of § NO, and NQ by 2B technologies ana-
bound lanes is approximately 200 m east of our samplingyzers, and volatile organic compounds (VOCs) by a BTEX
site. Another high traffic road, Main Street (6 lanes in total), analyzer, aerosol number concentrations by a water-based
is approximately 600 m west of the sampling site. Addition- condensation particle counter (WCPC, TSI 3781) and size-
ally, an MTA bus stop is located approximately 2 m north of resolved number concentrations by a TSI Fast Mobility Par-
ASRC-ML. Two buses, i.e. Q88 and Q74, stop at the sam-icle Sizer (FMPS, Model 3091, 5.6-560 nm). All the mea-
pling site for~1 min every~7—15 min and~15-20 min, re-  surements were performed at fast time resolutions from 1 min
spectively. The earliest daily arrival of Q88 and Q74 at thedown to 1Hz. However, some collocated data were not
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available due to the malfunction of the instruments or thedataset was also analyzed with PMF by excluding the data
non-operation of some instruments because of limited powefrom 27 July when ambient aerosol particles were contami-
supply. Collocated measurements of aerosols and gaseousted by the silicone from the ASRC-ML generator exhaust,
species were also conducted in New York State Departand similar results were found. Four OA components were
ment of Environmental Conservation (DEC) Air Monitoring identified including a hydrocarbon-like OA (HOA) that rep-
Building (Fig. 1, site A). A key instrument deployed at this resents primary OA from incomplete fossil fuel combustion
site is an Aerosol Chemical Speciation Monitor (ACSM) re- given its low O/C ratio (O/C=0.08) and good correlations
cently developed by Aerodyne Research Inc. for long-termwith combustion tracers such as N@nd BC (Zhang et al.,
routine measurements of mass concentrations and chemic2D05a; Aiken et al., 2009; Sun et al., 2011b), a regional, oxi-
composition of ambient aerosols with low cost and mainte-dized low-volatility oxygenated OA (LV-OOA, O/C=0.49)
nance (Ng et al., 2011). The non-refractory aerosol speciethat correlates with sulfate, a less photo-chemically aged
were measured in-situ at a time resolution of 30 min from semi-volatile OOA (SV-O0OA, O/C=0.34) that correlates
16 July to 9 September 2009. In addition, the meteorologicalwith nitrate and chloride, and a similar nitrogen-enriched OA
data including wind direction, wind speed, relative humid- (NOA) characterized by higher N/C ratio (=0.08) than other
ity, and temperature measured at the DEC building OA components. Increasing the number of factors led to a
above ground, site A) were used as a reference since thiirther split of SV-OOA into two subtypes of OOA rather
synchronous measurement of meteorology at Site C (Lot 15}han the identification of cooking-related OA (COA) that was
was not available. Note that the meteorology data, especiallpbserved at Lot 6 (Sun et al., 2011b), indicating that COA ac-
wind direction and wind speed might be different consider- counted for a minor fraction of OA during the four roadside
ing the different sampling heights and surrounding environ-measurements.
ments at the two sites. Detailed descriptions of other collo- A tracerm/zbased method was used to derive the size dis-
cated measurements are given in Sun et al. (2011b) and Litributions of HOA and OOA in this studym/z44 (mainly
etal. (2012). cog) that shows tight correlation with OOA (Zhang et al.,
All the data in this study are reported at ambient tempera-2005a, 2005c) is often used as a tracer for OOA. The size
ture and pressure conditions in Eastern Standard Time (ESTYistribution of OOA is thus derived by normalizing the in-
which equals Coordinated Universal Time (UTC) minus 5 h tegrated signals ah/z44 between 30—-1500 nm to the OOA
or local Time (i.e. East Daylight Time — EDT) minus 1 h. concentrations (Zhang et al., 2005c). For Quadrupole-AMS
measurements, the size distribution of HOA is derived from
2.2 AMS data analysis m/z57 after subtracting its contribution in OOA (Zhang et
al., 2005c). The HRMS show that/z57 at urban sites in
The aerosol mass spectrometry data were analyzed fosummer mainly constitutes a hydrocarbon ioaHig) and an
the mass concentrations and size distributions with theyxygenated ion (§HsO™) (Sun et al., 2011b). While gB1¢
Standard AMS data anaIyS|S SOftWare (SQUIRREL v1.51 t|ght|y Corre|ates W|th HOA @—|5O+ ShOWS good Corre|a_
Sueper, 2011) and the ion-speciated composition and el&jon with m/z44 (Aiken et al., 2009; Sun et al., 2011b), in-
mental composition i.e. oxygen-to-carbon (O/C), hydrogen-gicating that GHsO™ is primarily OOA and (Z;HJr is a bet-
to-carbon (H/C), nitrogen-to-carbon (N/C), and organic ter tracer for HOA in comparison to the tol‘zal/z57 signal
mass-to-organic carbon (OM/OC) ratios with the high which includes contributions from bothy8§ and GHsO*.
resolution data analysis software (PIKA, v1.10) and Thys the size distribution of HOA was derived using that
APES (v 1.04A) fitp://cires.colorado.edu/jimenez-group/ of /7 57 by subtracting the contribution ofsB50", the
ToFAMSResources/ToFSoftware/index.hgmirespectively.  sjze distribution of which was assumed to be the same as
The same data analysis procedures have been detailed in Syiyz44. The subtracted signals between 30-1500 nm were
etal. (2011b). then normalized to the corresponding HOA concentrations.
We applied positive matrix factorization (PMF) analysis to This method is found to show similar results to those de-

the high resolution mass spectra (HRMS) acquired near theived from the tracem/zdased method reported by Zhang et
roadway. The mass spectral and error matrice&z £ 120) al. (2005c).

were prepared following the procedures described in De-

Carlo et al. (2010). The mass spectral datasets from four

experiments were combined into one single dataset. Th& Results and discussion

PMF2.exe algorithm (v 4.2) in robust mode (Paatero and Tap-

per, 1994) was run on the combined dataset to force the re3.1 Mass concentration and chemical composition

trieved mass spectral profiles to be identical for all four ex-

periments. The PMF2 solutions were then evaluated withFigure 2 shows the time series of mass concentrations of NR-
an lgor Pro-based PMF Evaluation Tool (PET, v2.04) (Ul- PM; species and OA components and meteorological vari-
brich et al., 2009) following the procedures outlined in Ta- ables during roadside measurements, and Fig. 3 presents the
ble 1 of Zhang et al. (2011). In addition, the combined average composition for each experiment. Aerosol particles
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Fig. 2. Time series of mass concentrations of NR-P8pecies (organics, sulfate, nitrate, ammonium, and chloride), OA components (LV-
OOA, SV-O0A, HOA, and NOA) and meteorology during three roadside measurements. Note that the meteorological data was collected
from the campus site where wind profile might be different from that at the roadside site.

(@) ©ro SO, NH, NOgChi (b) “LooA HOA NOA tions in early mornings, e.g. before 05:30a.m. on 28 July
o204 __ = 1] o and 07:30a.m. on 30 July, while vary dramatically with fre-
2 5 mm - _ 8] % ! ° quent spikes during late morning periods due to the pene-
s ] = -l B tration of roadway plumes. A further analysis of the varia-
S — o—--,--,-_-,-_-,.-‘ tions of OA components (Fig. 2) indicates that the organic

1.0
0.8
0.6
0.4
0.2
0.0

spikes are primarily caused by the HOA, a surrogate of pri-
mary emissions from vehicles. Note that the intensities of
the spikes fluctuate on time scale of a minute, which reflect
the rapid temporal changes in traffic flow, traffic type, and
meteorology. The variation of LV-OOA is small throughout
the morning, which can be explained by its regional char-
acteristics since photochemical production of secondary OA
Fig. 3. Average composition ofa) NR-PM; and(b) OA for each  (50A) would not play significant roles in the mornings. We

roadside measurement. Each morning measurement was furth%{lso observed a decrease of SV-OOA after sunrise for the
classified into two events with less traffic (LT) and more traffic (MT) two morning experiments (e.g. from 2.0 to 0 8uggmaf-

influences, respectively. Details are described in the text. In addi- ) . s
tion, the O/C ratio for each event is also showitij ter 07:30a.m. on 30 July), likely due to the dilution from

HOA-dominated traffic plumes near highway. Note that the
SV-OO0A shows an increase fromb to~9 ug 3 at around
05:30a.m. on 28 July. Such increase co-varies with those of
on 27 July are found to have a large interference from theinorganic species (sulfate, nitrate, and ammonium), which is
ASRC-ML generator exhaust with silicone contamination ||ke|y due to a small Change of air mass. Compared to the
(see supplementary information for details), thus our discustwo morning measurements, all aerosol species co-vary in
sions focus on the other three observations. The inorganig¢nhe evening on 30 July (e.g%=0.49-0.57 between organics
species (sulfate, nitrate, and ammonium) vary smoothlyand inorganic species), consistent with the internally mixed
throughout the two mornings of 28 and 30 July. This is characteristics of aerosol particles (see Sect. 3.2). Note that
not surprising because vehicles are not direct emitters of nithe average mass concentration of NR4Pis120.7 pg m3
trate aerosols (Gillies et al., 2001), and the introduction ofon 28 July, about twice as high as the 8.5 and 11.9pm
ultra-low sulfur fuel «15ppm S by weight) leads to very measured on 30 July and 1 August, respectively, mainly due
low emissions of sulfur in New York. Their variations are tg the stagnant conditions associated with low wind speed
thus mainly controlled by meteorological variables, bound-(<2ms-1). This is consistent with the observation of high
ary layer height, and also likely photochemical reactions. Or-aerosol optical depth (AOD) values across the whole north-
ganic aerosols, however, show different behaviors betweerast US on 28 July, while relatively low AOD on the other
the early and late mornings. Organics show smooth varia-

Mass Fraction
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Fig. 4. Comparisons of mass concentrations of sulfate, organics, nitrate, OOA and HOA measured at Lot 15 by HR-AMS and DEC moni-
toring station by ACSM orfa) 28 July andb) 30 July. The green solid circles show the comparisons of synchronous measurements at Lot 6
and DEC monitoring station in the same day. The orange and red solid circles refer to the data points during LT and MT, respectively. The
numbers shown on the plots are linear regression slope with intercept forcing to zero.

two days (Fig. S1). The aerosol composition shows differ-1 August, consistent with the OA composition being domi-
ences between mornings and evenings, but overall, organiasated by LV-OOA (79 %) with a minor contribution of HOA
is the major component, accounting for more than half of to-(~9 %). The significantly different composition might be re-
tal NR-PM; mass (range: 55-74 %), with sulfate being the lated to the low traffic flow with less diesel trucks 1.2 %
second most abundant species. of total vehicles) on Saturday.

To better characterize the impact of traffic plumes on e further compared the aerosol measurements near high-

aerosol composition, each morning measurement was furthetay by the HR-AMS and at the campus site by the ACSM.
classified into two events, i.e. less traffic (LT) and more traf- The synchronous measurements in the same day at Lot 6 by
fic (MT) that were separated at 05:30 a.m. and 07:30 a.m. ohe HR-AMS and at the DEC building by the ACSM are
28 and 30 July, respectively. The separation of LT and MTPlotted as a comparison (Fig. 4 and Fig. S2). As shown in
is mainly based on the variations of primary HOA, BC, and Fig. 4, sulfate near the roadway appears to~d-15 %
NOy. The NR-PM shows very similar average bulk com- lower than at the campus site on both 28 and 30 July. Ni-
position before and after 05:30 a.m. on 28 July regardless ofrate does not show significant differences between the two
the traffic influences, due to the persistent wind from the di-Sites in both two mornings. Organics show slightly higher

rection of the campus of QC rather than from the LIE high- concentration after 05:30 a.m. on 28 July due to traffic influ-
way throughout the morning. However, the OA composi- eNces. Figure 4b further demonstrates that the slightly higher

tion shows differences with-12 % enhancement of HOA OA during MT is mainly caused by HOA rather than OOA.
contribution to OA during the MT event. This is consis- Given that the roadside and campus sites are both located
tent with a synchronous elevation of ultrafine mode organicsupwind of the LIE on 28 July (wind direction from S and

(Sect. 3.2) while the accumulation mode remains unchangedSW), the sporadic traffic spikes observed might be mainly
Since the wind direction was from the south, the enhancedue to the influences of MTA bus emissions rather than the

ments of HOA and ultrafine mode organics are likely due LIE traffic emissions. Comparatively, while the organic con-
to the MTA bus emissions at the bus stop rather than fromcentrations at the roadside before 07:30a.m. on 30 July are
the LIE. Note that since the wind data shown in Fig. 2 were Very close to those observed at the campus site, it was almost
acquired from the DEC building on campus, where the lo-twice elevated after 07:30 a.m. due to the influences of traffic
cal wind pattern might be different than that at the roadsidePlumes from the LIE. The HOA concentration near roadway

site. Comparatively, 30 July shows significant differences iniS more than 3 times elevated in comparison to the campus
aerosol composition between the LT and MT events associSite While OOA concentration is similar between these two

ated with a change in wind direction from the QC campusSiteS- These results overall suggest that traffic plumes show
to the LIE. The contribution of organics is therefore elevatedthe biggest impact on HOA, but minor effects on inorganic
by 18 %, accounting for 74 % of total NR-PMnass dur-  SPecies and OOA.

ing the MT event. The HOA contribution jumps from 27 %

to 62 %, associated with a decrease of SV-OOA from 42 %

to 13 % of OA. We didn’t observe clear traffic influences on
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Table 1. Mass concentration€() and median diametergX, ;) of the modes calculated from lognormal fitting of average size distributions
of organics during less traffic (LT) and more traffic (MT) periods on 28 July and 30 July, respectively.

Dya1 €1 Dya 2 G Dya3 Cs3
nm pgnr3 nm pgnr3 nm pgnr3
28-July LT 127 4.5 548 6.5 655 13
120 6.6 567 7.7
30-July LT 119 1.0 386 292 622 1.5
129 2.6 ' 539 33
(@)@ OroSOsli N Chl and 0.59, respectively, on 28 July and 30 July for the cor-
5201 2 12 e 1o A relations between organics in the size range of 30-200 nm
‘gis: — More uaffic and HOA), demonstrating the dominant contribution of traf-
% 5 fic emissions to this mode. The size distributions of OA com-
S o ponents further confirm that the “traffic” mode is primarily
o 46 4

contributed by HOA with only a minor contribution from
OOA (Fig. 5b). A comparison of the size distributions of
organics between LT and MT (Fig. 5a) shows a significant
enhancement of the ultrafine mode organics while the accu-
mulation mode shows little change. In order to determine
the enhancement, a log-normal fitting (Seinfeld and Pandis,
2006) was performed to the size distributions of organics on
28 and 30 July. Generally, 2 modes and sometimes 3 modes
are needed to obtain the best log-normal fit. The fitting re-
sults including the mass concentration and mean diameter
for each mode are shown in Table 1 and Fig. S3. The results
show that the “traffic” mode during the period with more traf-
fic influences is elevated by50 % from 4.5 to 6.6 ug m?
Fig. 5. Average size distributions d&) NR-PM; species angb) ~ on 28 July, and 2.6 times from 1.0 to 2.6 ug#on 30 July.
HOA and OOA. The size distributions of organics with less and The accumulation modes, on the other hand, show little vari-
more traffic influences in two mornings are also show(ain The ations. The same comparisons applied to OA components
size distributions of sulfate that were scaled to the peak values arguggest that the enhancement of “traffic’ mode organics is
shown in(b) for a reference. Note t‘hat thg size.distri.butions qf HOA primarily due to HOA. In fact, HOA during MT on 28 July
and OOA were smoothed by 3 points using binominal algorithm.  opyve 2 small particle mode similar to the BC measured
along the LIE by a Soot-Particle AMS (SP-AMS) (Massoli et
al., 2012). This further demonstrates the primary character-
3.2 Size distributions istics of “traffic” mode organics. The simultaneous measure-
ments carried out at Lot 6 also presented similar bimodal dis-
Figure 5 shows the average size distributions of NR:PM tributions for the HOA tracer — £H4 (m/z57) in the morn-
species and OA components for the three experiments. Oring (Sun et al., 2011b). All these results suggest that the
ganics present distinct bimodal mass-weighted distributionstraffic” mode organics are externally mixed with secondary
during the two morning events which are characterized by arinorganic species. OOA, however, shows very similar size
ultrafine mode peaking at120nm, and a large accumula- distributions to sulfate for all events despite the traffic in-
tion mode peaking at500-600 nm. The inorganic species, fluences, implying that these two species are secondary in
however, show a single accumulation mode overlapping withnature and likely internally mixed. The aerosol species and
that of organics. The ultrafine mode, also known as the “traf-OA components in the evening of 1 Aug. also present a very
fic” mode , with dominant contribution by organics has beensimilar and single large accumulation mode, indicating that
observed previously at the same site (Drewnick et al., 2004}hey are internally mixed, consistent with the tight correla-
and other urban sites (Allan et al., 2003; Alfarra et al., 2004;tions between organics and sulfaté £ 0.53) and the overall
Zhang et al., 2005b), and also in vehicle exhausts from chasaged OA (O/C=0.41).
studies (Canagaratna et al., 2004, 2010). The ultrafine mode
organics show good correlations with HOA (erd.=0.69

2 6
100 1000

16 — 28 Jul ;
(b) 1] LesstTyraffic | \

6 — 30 July
- Less Traffic N

dM/dlogD,, (Mg m<3)

6 2 46 46 2 46
100 1000 100 1000
Dyq (NM)
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Fig. 6. (a)size-resolved number concentrations measured by the FMPS on 30(duhows the average size distributions of number
concentrations before 07:30 a.m. (less traffic) and after 07:30 a.m. (more traffic), respectively.

Figure 6 shows the evolution of the number distributions 81 noA [HIC: 1.82; O/C: 0.23; NIC: 0.080; OMIOG: 1.56]
on 30 July measured by the FMPS. Due to the influences 6
of traffic emissions, the number distributions show a dra- 4 .
matic change at 07:30a.m. Before 07:30a.m., the number- 2 | | | | | W
weighted concentrations show a trimodal structure, peaking 0 -l —alllly il bl oping gl o
at ~11 nm~40nm, and 140 nm (mobility diameteDy,), 10 4 HOA [HIC: 1.86; O/C: 0.08; N/C: 0.002; OM/OC: 1.26]
respectively. In addition, the second mode is more sig- 87
nificant than the first mode. After 07:30a.m., the number _ i:
concentrations are characterized by a burst of particles a1§> 24 I||| | I| A |‘|| T |
Dm =~ 10nm associated with a decrease of large particlesg 0 T bbby
due to the traffic influences from the LIE. The distributions = g | SV-00A [HIC: 1.44; O/C: 0.34; N/C: 0.007; OM/OC: 1.58]
show multiple modes, similar to those observed~@0 m § 6 —
downwind of a highway in Los Angeles (Zhu et al., 2002b). 4
The significant enhancement of the number concentration of 2] |.|| il |‘| . ||.|.|..|. e b La
ultrafine particles near highway in comparison to hundreds of O A e e
meters downwind has been observed widely (Kirchstetter et ,, ] LV-00A [H/C: 1,37; ©IC: 0.49; NIC: 0.008; OWIOC: 1.77]
al., 1999; Zhu et al., 2002a; Zavala et al., 2009). The compar- ] CH,” CH,0, CHO,
ison of the volume-weighted size distribution from the FMPS 4] CHN," CHON,"
measurement with the mass-weighted size distribution from 1l '|||“ ',|,|| o
the HR-AMS measurement on 30 July is shown in Fig. S9. 10 20 30 40 50 60 70 80 90 100 110 120
The relationship oDy4 and Dy, is given in Eq. (1) assuming miz (amu)

the particles are spherical (DeCarlo et al., 2004).
Fig. 7. High resolution mass spectra of OA components. The ele-
Dya= D X Peft (1) mental ratios and OM/OC ratio of each component are also shown
0 in the legends.

Where pet is particle “effective” densities which can be

estimated from the particle compositiono is the stan-  g.anning mobility particle sizer (SMPS) and Quadrupole-
dard denS|ty3 1gng13. A_\ssumln_g an average deﬁnsny AMS, especially when BC plays an important role in particle
of 1.75gcnt® for inorganic species (NFHNO; +SC; ) composition (Zhang et al., 2005b).

(Lide, 1992), 1.2gcm? for organics (Turpin and Lim,

2001), and 1.77 g i for black carbon (Park et al., 2004; 3.3 Investigation of OA near roadway

Bond and Bergstrom, 2006), we estimate that the average

densities of aerosol particles are 1.42g¢énmand 1.43 g The mass spectra and time series of the four OA compo-
cm3, respectively, during LT and MT on 30 July. Note nents identified near roadway are shown in Figs. 7 and 2,
that the size distributions from FMPS and HR-AMS mea- respectively. The mass spectra of OA components show
surements are quite different because they measure differenery similar spectral patterns to those identified at Lot 6
diameters which are affected significantly by particle shape(Fig. S4). Briefly, LV-OOA is characterized by the high
(DeCarlo et al., 2004). A previous study at Pittsburgh alsom/z44 (mainly Cq ) and O/C ratio (0.49), showing overall
observed significantly different size distributions betweenresemblance to those observed at other sites (e.g. Aiken et al.,
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Fig. 9. Correlation plots offa) HOA vs. BC, (b) HOA vs. NO

2010; Allan et al., 2010; DeCarlo et al., 2010; Hildebrandt (NO+NOy), (c) SV-OOA vs. Chloride(d) SV-OOA vs. nitrate.
et al., 2010). SV-OOA (O/C=0.34) represents a less oxi-Missed BC and N datg are due to eith.er.the malfunction of in-
dized component characterized by a higher ratim¢#43 to struments or non-operating because of limited power supply.
44. HOA, on the other hand, shows the typical hydrocarbon
ion series (GH3,_, and GH3 ;) as previously reported
(e.g. Zhang et al., 2005a). Similar to the NOA observedMetropolitan Transit Authority (MTA) standard buses emit
at Lot 6 (Sun et al., 2011b) the NOA near roadway is alsolarge quantities of both OA and BC, while MTA buses using
characterized by amine-type of ions, e.gHgN™", C3HgN™,  clean technology such as compressed natural gas (CNG) and
and GH1oN* etc. But overall NOA is only a minor frac-  hybrid buses emit less OA and almost no BC (Massoli et al.,
tion of total OA (<8%) at both roadside and Lot 6. Note 2012). A chase study conducted in 2000 during the;BM
that LV-OOA and SV-OOA observed near roadway appearTechnology Assessment and Characterization Study in NYC
to be slightly less oxidized in comparison to those observedPMTACS-NY) investigated particulate emissions from in-
at Lot 6 (O/C: 0.49 vs. 0.63 for LV-OOA, and 0.34 vs. 0.38 use NYC vehicles and showed that diesel buses have much
for SV-OOA). Figure 8 shows a comparison of the HRMS |arger emission ratios (0.10-0.23 g NR-Pk§y~! Fuel) than
before and after 07:30 a.m. on 30 July. The difference specthose fueled by CNG (0.034 g NR-RMg~! Fuel) (Cana-
trum (Fig. 8c) is characterized by prominent peaks#41  garatna et al., 2004). These results might explain our ob-
(C3H), 43 (GHT), 55 (GHF), 57 (GHY), 69 (GHZ),  servations of primary OA plumes with no simultaneous in-
and 71 (@Hﬂ) which are the typicak /z’s of particles from  crease of BC concentration, i.e. NR-PNf the morning of
vehicle exhaust (Canagaratna et al., 2004), confirming the8 July were mainly influenced by the emissions from the
significant traffic influences after 07:30 a.m. nearby MTA bus stop, where CNG buses emit a large frac-

HOA correlates well with BC (2=0.52) and NQ tion of OA and minor amounts of BC. This also suggests
(r=0.56) on 30 July (Fig. 9). This is consistent with the that our sampling site is less affected by the high traffic flow
conclusion from a number of studies that HOA is likely a (~10000 vehicles per hour, of which12 % is diesel trucks
surrogate for combustion POA associated with traffic emis-based on our manual counting) on 28 July.
sions (Zhang et al., 2005c, 2007; Aiken et al., 2009; Ul- We further calculated the emission ratios (ER) of HOA
brich et al., 2009). The linear regression slope of HOA/NO and BC from the LIE during the MT period on 30 July. The
(=0.044 ugm® ppbv1) is close to the value observed at ER on 28 July was not calculated since the ASRC-ML is
Lot 6 (0.045), while that of HOA/BC is slightly lower (1.02 located upwind of the LIE and did not capture the direct ve-
vs. 1.29 at Lot 6). It's interesting to note that HOA does hicle emissions from the highway. It should be noted that
not correlate with BC on 28 July-#=0.03), suggesting dif- the ER calculated in this study is more representative of
ferent impacts from traffic emissions on HOA and BC on the average mixed emissions from all types of vehicles on
28 July. Indeed, the vehicle chase study conducted on théhe LIE, which is different from those of individual vehi-
same day shows that the emissions of organics, BG, CO cles from chase studies. The ER can be calculated as (1)
and NQ strongly depend on the types of vehicles (Massoli ER =ASignal/ACO,, whereACO; is the difference of CQ
et al., 2012). Heavy and medium duty trucks and the NYCand background C®or (2) by performing a linear fit to
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HOA or BC versusACO; (Fig. 10). The background GO (@ N (b)
(~410 ppm on 30 July) was calculated as the average of the s 12*13238* T ] Iﬁxi;‘;'j"*
lowest 5 % of data during the sampling period. The ER cal-r.o; o
culated from the two methods above are consistent, e.g. 0.2G
vs. 0.18 ugm? of HOA per ppm of CQ. Given that the § *7
variations of NR-PM after 07:30a.m. on 30 July are over- < 2
whelmingly controlled by HOA, the ER of HOA would be
representative of that of NR-PM The average ER of HOA T ‘ ‘ ‘ ‘

agrees within the range of ERs obtained by chasing differ- ° 12002 (pffr’n) * ° HZCOZ (pi?n) *

ent types of vehicles in NYC in 2000+0.02—0.32 ugm®

NR-PM; ppn ! CO;) (Canagaratna et al., 2004). This im- Fig. 10. Correlation plots of(a) AHOA vs. ACO,, (b) ABC

plies that the vehicle emissions of organics in relative tovs. ACO, during the period with more traffic influences, i.e. after
CO;, did not likely reduce, at least not significantly, during 07:30a.m. on 30 July.

the period of 2000—-2009. This conclusion is also supported

by the observation that the mass concentrations of OA in

2009 (Sun et al., 2011b) show a slight increase in compar- ) ) )

ison to those observed in the same month in 2001 (WeimePrganics. Also, the mass concentration and chemical com-
et al., 2006), though sulfate has been considerably reduced0Sition of submicron particles vary significantly from day
likely due to the introduction of ultra-low sulfur fuel. BC !0 day, but overall organics compose a major fraction (55—
shows comparable ER (0.19 pgfppmrt COy) as that of 74 %) of the total PM mass. Distinct mass-weighted bi-
HOA (Fig. 9a). HOA and BC together contribute an averageModal distributions, peaking at120 nm and 550 nmidva),
emission 0f~0.4 pgnT3 PMy/ppm CQ, corresponding to ~ "€SPectively, are observed for organics in the two morning
an emission index (El) 0f0.71gPM kg~? fuel assuming Measurements. Inorganic species (sulfate, ammonium, and
that the weight fraction of carbon in diesel fud¥g) is 0.87 nitrate) present a single large accumulation mode, peaking at

HO,

0

(Kirchstetter et al., 1999; Canagaratna et al., 2004). ~550nm. The different size distributions between organic
and inorganic species suggest that fresh traffic-emitted par-
El = (ERx 4908) x 10° x W, (2) ticles are externally mixed with more aged, secondary par-

) ticles. Significant enhancements in ultrafine organic aerosol
Where 490.8 is the constant used to converp@ancentra-  aqs concentrations and particle number concentrations at

tion from ppm to pgC m? for ambient temperature (290 K) __109nm (Om) are frequently observed in traffic plumes. A
and pressure (101.3kPa). The average El of BC is estimateg),iiner analysis of OA composition and size distributions
at 0.34g !fg ' WI“Ch is overall consistent with the results g,gqests that the ultrafine mode organics are dominated by
from the “chase” study on 28 July 2009 by the Aerodyne- oa from vehicle emissions near highway. OOA in the
ML in the same campaign that the EI of BC under the traf-|5rge accumulation mode, however, shows minor influences
fic conditions being dominated by the light-duty vehicles gonm traffic emissions. In comparison to the morning exper-
and heavy-duty vehiclesis 0.04 and 0.46 gkgespectively  iments, all NR-PM species appear to be internally mixed
(Massoli etal., 2012). Note that the emission ratio calculatedy, 5 proader accumulation mode with OA composition be-
here represents an average value under mixed-traffic condihg dominated by OOA in an evening on Saturday, likely
tions (i.e. gasoline and diesel vehicles) downwind of the LIE que to relatively low traffic flow and consistent northwest-

on one day. It might vary significantly depending on traffic erly wind that blew the highway traffic plumes away from
types and driving conditions on different days. our sampling site.

While this study does not provide direct information on
4 Conclusions and implications particle toxicity and health impacts, our results might nev-
ertheless have significant implications for near-highway air
We have characterized the mass concentrations, chemicalollution characterization and exposure assessments. For ex-
composition and size distributions of submicron aerosolample, the fact that the mass concentrations, chemical com-
species in the vicinity of a major highway in NYC with an position and size distributions of submicron particles change
Aerodyne HR-AMS deployed inside the ASRC-ML. Four rapidly over short distances near highways suggests that peo-
experiments were conducted on different days with two inple living in close proximity to the highways are regularly
the morning and two in the evening. Our results show thatexposed to higher level of particle pollution than people
the organic aerosols vary dramatically due to influences fromliving far away and that PM exposure assessments should
vehicle emissions near roadway, while inorganic species intake into account of the temporal and spatial variations in
cluding sulfate and nitrate show relatively smooth variations.aerosol loading and properties near roadways. Since aerosol
The enhancements of aerosol particle mass observed duringhanges are found strongly dependent on wind direction and
traffic-influenced periods are therefore mainly attributed tospeed, mixed layer height, vehicle types, and traffic flow,
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additional studies are needed to thoroughly assess their im- non-fossil carbon fraction, Atmos. Chem. Phys., 10, 5315-5341,
pacts on near roadway air quality. In addition, long-term, doi:10.5194/acp-10-5315-2012010.

continuous measurements of air pollutants near highways arélfarra, M. R., Coe, H., Allan, J. D., Bower, K. N., Boudries, H.,
necessary to characterize their diurnal, weekly, and seasonal Canagaraina, M. R., Jimenez, J. L., Jayne, J. T., Garforth, A.,

variation profiles, all of which are important for interpreting Li, SN: and WZEZ@E’ISDM The fg\?vzcﬁgzztr'c\)glgyulﬁ%nge:cvi
. . . . : : : regional organic
epidemiological studies of ambient air pollution. Aerodyne Aerosol Mass Spectrometers, Atmos. Environ., 38,

5745-5758, 2004.

Su_pplemente_try mater_lal related to this Allan, J. D., Alfarra, M. R., Bower, K. N., Williams, P. ., Gal-
article is available online at: lagher, M. W., Jimenez, J. L., McDonald, A. G., Nemitz, E.,
http://www.atmos-chem-phys.net/12/2215/2012/ Canagaratna, M. R., Jayne, J. T., Coe, H., and Worsnop, D. R.:
acp-12-2215-2012-supplement.pdf Quantitative sampling using an Aerodyne Aerosol Mass Spec-

trometer. Part 2: Measurements of fine particulate chemical com-
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