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Abstract. Mass concentrations of sulphate, nitrate, ammo-area nitrate was the largest contributor to JMnass in the
nium, organic carbon (OC), elemental carbon (EC) were dewinter, while organics and sulphate contribute@4 % of the
termined from real time single particle data in the size rangesummer PM s in the rural area, suggesting a strong influence
0.1-3.0um measured by an Aerosol Time-of-Flight Massof regional/trans-boundary pollution. The mass concentra-
Spectrometer (ATOFMS) at urban and rural sites in Canadations of five major species in ten size-resolved particle-types
To quantify chemical species within individual particles mea- and aerosol acidity of each particle-type were determined for
sured by an ATOFMS, ion peak intensitymfz—97 for sul-  the rural site. On a mass basis sulphate and OC rich particle-
phate,—62 for nitrate, +18 for ammonium, +43 for OC, and types (OC-S and OC-S-N) accounted for up to 59 % of the
+36 for EC were scaled using the number and size distribuparticles characterized and aerosols were weakly acidic in the
tion data by an Aerodynamic Particle Sizer (APS) and a Fastural area. This is the first study to estimate hourly quantita-
Mobility Particle Sizer (FMPS). Hourly quantified chemical tive data of sulphate, nitrate, ammonium, OC and EC in am-
species from ATOFMS single-particle analysis were com-bient particles from scaled ATOFMS single particle analysis;
pared with collocated fine particulate matter (aerodynamicthese were closely comparable with collocated high time res-
diameter< 2.5 um, PM ) chemical composition measure- olution data of sulphate, nitrate and ammonium detected by
ments by an Aerosol Mass Spectrometer (AMS) at a ruralAMS and GPIC.

site, a Gas-Particle lon Chromatograph (GPIC) at an urban
site, and a Sunset Lab field OCEC analyzer at both sites.
The highest correlation was found for nitrate, with correla-
tion coefficients (Pearson) of 0.89 (ATOFMS vs. GPIC)

and 0.85 (ATOFMS vs. AMS). ATOFMS mass calibration . . . . _—
Numerous epidemiological studies have revealed significant

factors, determined f_o r the urban s_|te, were u_sed to Calcuassomauons between adverse cardiorespiratory health and
late mass concentrations of the major Pvthemical com- . . .
) . exposure to atmospheric particulate matter (PM) with an

ponents at the rural site near the US border in southern On: -

. ; . .~ aerodynamic diameter less than 2.5 um (RM(e.g. Dock-
tario. Mass reconstruction using the ATOFMS mass calibra- . .
: . ery et al,, 1993; Burnett et al., 1995; Schwartz et al.,
tion factors agreed very well with the Pd mass concentra-

tions measured by a Tapered Element Oscillating Microbal-lg%; Janssen et al., 2003). There have been deviations
ance (TEOMy — 0.86) at the urban site and a light scattering between the strength of the association identified by these

monitor (DustTraky = 0.87) at the rural site. In the urban §tu.d|es, rgﬂectmg that the use O.f PM mass concentra_tlon
is insensitive to heterogeneities in physical and chemical

PM characteristics (Knzli et al., 2006). Toxicology stud-

ies have documented that specific PM components contribute

Correspondence tdG. J. Evans to the observed toxicity: catalytic transition metals (Stohs
BY (greg.evans@utoronto.ca) and Bagchi 1995), surface adsorbed organics (polycyclic
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aromatic hydrocarbons and quinones) (Squadrito et al., 2001gle particle mass spectrometer, a Real-time Single particle
and endotoxins (Thorne, 2000) are able to elicit oxidativeMass Spectrometer (RSMS), were obtained by scaling size
stress in the lung via their direct or indirect ability to gener- and chemical composition dependent detection efficiencies
ate reactive oxygen species (Pourazar et al., 2005). of RSMS (Tolocka et al., 2006; Bein et al., 2006; Reinard
A real-time, single particle instrument, such as an Aerosolet al., 2007). Tolocka et al. (2006) found that mass concen-
Time-of-Flight Mass Spectrometer (ATOFMS), can provide trations of particle-types from RSMS single particle analysis
size resolved chemical information on ambient PM in realdid not always correlate well with continuous sulphate, ni-
time. To characterize individual ambient particles, ATOFMS trate, and carbon monitoring data. Specifically, during PM
instruments have been deployed in many sites in the US, thepisodic days, the RSMS was found to be offset by a con-
UK, Greece, Mexico, Ireland, Switzerland, China, the coaststant value as compared to the continuous monitors.
of India, and the coasts of Korea (e.g. Guazzotti et al., 2001; An ATOFMS was deployed in two winter/summer field
Middlebrook et al., 2003; Beddows et al., 2004; Dall'Osto campaigns conducted in downtown Toronto and Harrow, a
and Harrison, 2006; Sullivan et al., 2007; Moffet et al., metropolitan area and a rural area, respectively, in South-
2008, Zhang et al., 2009; Healy et al., 2010; Kamphus et al.ern Ontario, Canada. One of the objectives of these field
2010). Quantification of chemically resolved composition in campaigns was to compare the chemical components mea-
ambient particles from single particle analyses is problem-sured by the ATOFMS with collocated high time resolu-
atic mostly due to particle size, shape dependent transmision measurements of sulphate, nitrate, and ammonium de-
sion efficiency, chemical composition dependent ionizationtected by an Aerodyne Aerosol Mass Spectrometer (AMS)
efficiency, and variability in ion intensity for identical par- and a Dionex Gas-Particle lon Chromatography (GPIC). In
ticles (Allen et al., 2000; Kane and Johnston, 2000; Reilly the study, the quantitative measurements of particulate ni-
et al., 2000; Wenzel and Prather, 2004). For quantitativetrate, sulphate, ammonium, OC, and EC ion markers in sin-
analysis of mass spectra, peak areas of ions from a partigle particle mass spectra were obtained by scaling peak in-
cle mass spectrometer were corrected using relative sensiensities (relative peak area and absolute peak area) of the
tivity factors for different ions determined from laboratory marker ions measured by the ATOFMS. An enhanced proce-
measurements with known chemical compositions (Hinz etdure was developed to scale the ATOFMS transmission using
al., 2005). However, the quantification method using relativeboth a TSI 3321 APS and a TSI 3091 Fast Mobility Particle
sensitivity factors was limited by specific compounds in spe-Sizer (FMPS). The quantitative chemical information esti-
cific particle types (Hinz et al., 2005). Several studies havemated using ATOFMS ion intensity data was compared to
suggested procedures to scale ATOFMS measurements ueellocated high-time resolution chemical species concentra-
ing collocated optical particle counters (Wenzel et al., 2003;tions measured by an Aerodyne AMS, a Dionex GPIC, and a
Qin et al., 2006; Dall'Osto and Harrison, 2006; Ault et al., Sunset Lab field thermal-optical OCEC (Sunset OCEC) ana-
2009). Scaled ATOFMS counts using APS data were foundyzer in both the urban and rural locations.
to compare well with Pls mass concentrations (Ault et Mass concentrations of major chemical species were esti-
al., 2009). Size-resolved particle-types from single particlemated using the ATOFMS, based on linear correlation anal-
analysis data were also scaled with number concentrationgsis between the scaled ATOFMS and measurements by the
measurements from a collocated Scanning Mobility ParticleGPIC as well as the Sunset OCEC analyzer. TotabPM
Sizer (SMPS) (Reinard et al., 2007; Pratt and Prather, 2009)mass concentrations were reconstructed from the ATOFMS
The transmission bias was evaluated by comparing ATOFMShemical species at the two sites and evaluated by compari-
data with size segregated mass concentrations measured byan with measured P mass concentrations.
Micro-Orifice Uniform Deposit Impactor (MOUDI) (Allen
et al.,, 2000; Bhave et al., 2002; Qin et al., 2006). Qin et
al. (2006) and Dall'Osto et al. (2006) corrected for transmis-2 Experimental methods
sion losses by scaling with an Aerodynamic Particle Sizer
(APS) and the scaled values agreed well with total,BM 2.1 Sampling sites and measurements
mass concentrations and 24-h sampled chemical species col-
lected by a MOUDI. Spencer and Prather (2006) comparedAn ATOFMS (TSI 3800-100) was deployed in downtown
unscaled organic carbon (OC) and elemental carbon (ECJYoronto, Ontario, Canada from 20 January 2007 to 5 Febru-
fractions estimated from ATOFMS ion intensities with OC ary 2007 as a part of the Seasonal Particulate Observation in
and EC concentrations determined using semi-continuoufkegional Toronto (SPORT) campaign (Fig. 1). The Toronto
thermo-optical measurements. Ferge et al. (2006) reportedite (433932.40' N, 792343.33 W), a roadside building
that the ratio of EC to total carbon (TC, OC + EC) for labo- at the Southern Ontario Centre for Atmospheric Aerosol Re-
ratory generated particles derived from ATOFMS was com-search (SOCAAR) of the University of Toronto, is located
parable to the values determined by standard thermal techat the intersection of high traffic local streets33 000 vehi-
niques. Mass concentrations of particle classes derived fronsles/weekday). Busy expressways were situated to the east
a clustering analysis of single particle data using another sin{~3 km) and south 2 km) of the monitoring site. The
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Fig. 1. Locations of monitoring sites during the SPORT (Toronto) and BAQS-Met (Harrow) campaigns.

main sampling inlet of the SOCAAR laboratory was approx- ATOFMS sizing region. In this particle sampling region the
imately 15 m from the road and 6 m above ground level. Theaerosols are accelerated to their terminal velocities depend-
diameter of the insulated sampling inlet wa$0 cm and the  ing on their aerodynamic diameters, which are then deter-
length was~8 m. The sampling flow rate was150 | min 2. mined by measuring the transit time between two 50 mW
During the SPORT campaign, the ATOFMS was deployedNd:YAG lasers (532 nm) in the sizing region. Once the parti-
with other collocated chemical speciation instruments; acles enter the mass spectrometer region, a UV laser (Nd: YAG
GPIC and a Sunset OCEC analyzer. 266 nm,~108 W cm~2) desorbs and ionizes the particles to

The Border Air Quality and Meteorology Study (BAQS- Produce positive anq negative ions. The_se !o_ns are ac_celer-
Met 2007) was a summer intensive field study conductec@ted and dual-polarity mass spectra for individual particles
in several locations across southern Ontario to investigaté'® measured. Polystyrene latex sphere (PSL, 0.2-2.1um)
the influence of local and trans-boundary transported pollu-2nd TSI metal solutions were used for particle size and mass
tants on local air quality. As part of the BAQS-Met 2007 an SPectra calibration.

ATOFMS was deployed in a rural area in Harrow, Ontario, One hour averaged concentrations of sulphate, nitrate, am-
Canada (421'58.95' N, 82°5335.61' W) ~340km south-  monium, and organics measured by the AMS were compared
west of the Toronto site for the period 19 June to 11 July 2007to the corresponding PM speciation concentrations measured
(Fig. 1). The Harrow site located near Lake Erie was influ- by the ATOFMS. The AMS collection efficiencies (CE) were
enced by local industrial sites including the Detroit-Windsor determined from the AMS light scattering module at Har-
industrial area and long-range transported emissions from inrow (Quinn et al., 2006). The AMS data were corrected for
dustrial areas in the midwestern US. Measurements were pethe CE, varying between 0.5 and 1. The transmission parti-
formed in SOCAAR’s mobile lab (MAPLE) using a stainless cle size range of the AMS was less than 1 um, representing
steel sampling tubing (2.5 cm in diameter, 5 m long) at a flowPM; chemical component measurements, with nearly 100 %
rate of~30 1 min~!. During the BAQS-Met 2007 campaign, transmission efficiency for particles between 0.07—0.50 um
a Time-of-Flight Aerodyne AMS was also simultaneously (Jayne et al., 2000). A detailed description of an AMS is
deployed. Comparisons were made between the ATOFMS$rovided elsewhere (Jayne et al., 2000; Jimenez et al., 2003).
quantitative measurements and corresponding chemical spe- The GPIC measured water soluble particulate compo-
ciation data provided by the AMS and Sunset OCEC anayents (5@—' NO;, NO,, NH4, CI) and gaseous precur-
lyzer. sors (SQ, HNOs, HNO,, NHg, HCI) every 15 min, while

Basic instrumental descriptions of a TSI 3800 ATOFMS the semi-continuous Sunset Lab field OCEC analyzer deter-
are presented in detail elsewhere (e.g. Gard et al., 1997mined PM 5 OC and EC using the thermal-optical transmis-
In brief, ambient particles (0.11mirt) are drawn through sion (TOT) method with 2-h time resolution. Detailed de-
an Aerodynamic Focusing Lens (AFL, TSI AFL-100) to the scriptions of the GPIC and Sunset OCEC analyzer can be
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found elsewhere (Godri et al., 2009; Jeong et al., 2004)to produce a measurable mass spectrum (the hit efficiency).
Hourly PM, 5 data measured by a Tapered Element Oscillat-Thus the detection efficiency depends on patrticle size, shape
ing Microbalance (TEOM) were obtained from the Toronto and composition (Allen et al., 2000; Kane and Johnston,
downtown monitoring site operated by the Ontario Ministry 2000). The lower transmission efficiencies of smaller sizes
of the Environment, approximately 900 m northeast of thein the ATOFMS create a bias towards particles of a given
SOCAAR site. Since the heated inlet of the TEOM was op-size range. In this work the number concentrations of parti-
erated at 40C, a negative artifact due to the loss of ammo- cles hit by the ATOFMS for twelve size bins between 0.1 um
nium nitrate and semivolatile organics was expected in theand 3.0 um were scaled by the particle number concentra-
TEOM PM, 5 mass data. During the BAQS-Met campaign, tions simultaneously measured by an APS and an FMPS to
continuous PMs mass concentrations were measured by acorrect for the detection efficiency. The APS measured the
TSI 8520 DustTrak monitor and a Met One instrument 1020size distribution of particles from 0.5 pm to 20 um in aerody-
Beta Attenuation Monitor (BAM) deployed by Environment namic diameter with 1 min resolution. The APS also detected

Canada. particles smaller than 0.5 um using a light scattering mode.
. However, these light scattering data were not used due to the
2.2 Data analysis associated high uncertainty (Peters and Leith, 2003). Instead,

particle number size distributions in the 0.1 um to 0.5pum
During the SPORT and the BAQS-Met campaigns, 1806 91Gange measured by the FMPS were selected for the ATOFMS
and 183410 particles were sized, respectively, and both sizgoynt correction. The FMPS provided particle size distribu-
and positive/negative mass spectra data (hit particles) wergons from 0.06 Hm to 0.56 um (electronic mobility diameter)
collected for 588570 and 66 920 ambient particles by theyith 1-s time resolution. The FMPS has been described in
ATOFMS. The ion intensity for each mass to charge ratio getajl elsewhere (Jeong and Evans, 2009). We should note
(m/2 within a particle mass spectrum was expressed as arbifat calibrations with standard PSL particles of known size
trary units (AU), a measure of the number of ions of thi&  ndicated that the FMPS underestimates the size of particles
detected. All individual particle mass spectra were converteqarger than 0.1 um. Thus corrections factors were developed
into a peak list using TSI MS-Analyze software with the fol- anq applied based on these PSL particles. Application of this
lowing detection limit criteria: a peak had to contain at leastsjze correction was validated by comparing the size distri-
20 AU above the baseline, have at least 20 squared AU ohytions for ambient particles measured by the FMPS and a
area, and represent more than 0.1 % of the total AU detectedpps (TSI 3936).
for the particle. Since there is a difference between aerodynamic and the

Mass to charge ratio values within the positive and neg-g|ectrical mobility diameter determined by the FMPS, parti-

ative spectra were selected to estimate quantitative concende diameters obtained by the FMPS were converted to aero-
trations of the major chemical components in single pa”i'dynamic diameter to allow a proper comparison. The con-

cle mass spectra. The besiz candidates for the major yersion given by Sioutas et al. (1999) and Hinds (1982) was
components were determined by comparing hourly particle;geq:

counts fromm/z—100 to +100 with relevant chemical con-
centrations obtained by the AMS and Sunset OCEC analyzer. Ce.dp - Peff
A short list of ATOFMSm/z values were initially selected da=dm m @)
as candidate markers based on their strong correlation with e
chemical composition measured by the collocated instruyyhere pq is the standard density (1gcm), per is the ef-
ments. The final ATOFM$&1/zmarkers selected for sulphate, fective density,da is the aerodynamic diametety, is the
nitrate, ammonium, OC, and EC waréz—97 [HSQ, ], =62 electrical mobility equivalent diametef, 4 is the Cunning-
[NO3Z], +18 [NH3], + 43 [C3 H7/Co,H30"/CHNO'], and  ham slip correction factor for the mobility equivalent diam-
+36 [C%]; the corresponding mass to charge peaks were ineter, Cc 4, is the Cunningham slip correction factor for the
tegrated ovet0.4 Daltons. It should be noted that the use of aerodynamic diameter, and is the dynamic shape factor.
multiple ions for a compound was also explored, (e.g. usingThe effective density depends on both material density and
the sum ofm/z—97 [HSQ, ] and —80 [SG;] for sulphate).  shape of the particle. In this study,and pet were assumed
However, there was no improvement in the correlation be-to be 1 and 1.6gcn?, respectively. The effective den-
tween the ATOFMS ions peaks and the other collocated measity of 1.6 gcnT? is comparable with the results from pre-
surements. Hence a singtézwas selected as the marker for vious aerosol density studies (Hand and Kreidenweis, 2002;
each aerosol component. Khlystov et al., 2004; Pitz et al., 2008). These values were
The particle detection efficiency of the ATOFMS dependsused in Eq. (1) to convert the FMPS mobility diameters in
on the ability of the instrument to transport particles thoughthe size range of 0.09 um to 0.32 um, to aerodynamic diam-
the sizing region as well as to detect the particles with twoeters ranging from 0.11 pm to 0.50 um. After transforming
sizing lasers (the transmission efficiency) and the capacitthe FMPS scale from the mobility to the aerodynamic diam-
of the particle to then absorb ablation laser photons in ordeeters, the APS and FMPS size distribution data were merged
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together in Fig. 2. Data for similar particle diameter at 1e+5
~0.5 um were in reasonable agreement in general. However
in the overlapping diameter range (0.3 um-0.5 um) the APS
concentration was lower than the FMPS data by a factor of
~2 at both sites. This discrepancy might be due to the poorer
counting efficiency of the TSI 3321 APS for the smallest par-
ticle size 0.5 um) determined by only light scattering in-
tensity information (Armendariz and Leith, 2002; Peters and
Leith, 2003).

On average, the total number concentrations of particles in
the size range of 0.01 pm—2.50 um were 32&®DO cnT3
(meant standard error) and 16 089600 cnt 2 for the win-

1e+2

—&@— FMPS_Toronro
—i— APS_Toronto
—&— FMPS_Harrow

1e+1

Number Concentration (dN/dlogDp, cm™)

1e+0 3
ter time in Toronto and for the summer time in Harrow, re- —&— APS_Harrow
spectively. This difference was evident for particles smaller - e I
than 0.1 um and mostly due to the seasonal difference be- 0.01 04 1
tween the two sampling campaigns. The particle number
concentrations in Toronto were34 % lower than those in Aerodynamic Diameter (um)

Harrow during the summer (Jeong et al., 2010). For par-

ticles in the 0.1 pm-0.5 um range the number concentratiofrig- 2. Average size distributions of particles measured by
in Harrow was higher than the average in Toronto by a fac-the FMPS (0.01um-0.50um) and the APS (0.30 um-2.50 um) in
tor of 1.2, whereas the number concentration of the largest °ronto and Harrow.

mode particles (0.8 um—2.5 um) was higher in Toronto than

the average in Harrow by a factor of two. In order to es- g range. The midpoints of 11 size bins for the scaling fac-
timate size-specific scaling factors for the ATOFMS mMea- 1, with the APS were 0.56. 0.65. 0.75. 0.87. 1.00. 1.15. 1.33
surements, the number concentrations were converted int9 £4 1 78 2 05 and 2.37 le in,this s,tudy. ' ’ ’ ’

v:)lumle concentranon_s. A descrlpgvs Syl:m::nhjrpySOf %a:; We hypothesized that scaled ion intensities are linearly
cle volume concentrations measured by the an %orrelated with the volume concentrations of corresponding

1: Toronto gndh Harrow, resplectwely, IS shovyn n 'fl'able- 1| chemical components, and hence, relative peak areas (RPA)
S expected, the average volume concentrations of particleg, ., 4 pe representative of the relative proportion of these

in the gizg range of 0.1um-0.5um detected by the FMP%hemicaI components in a single particle. Relative peak area
were distinctly higher than the average volume concentray, s defined as the numbers of ions collected for a specific
tions (0.3 um-0.5 um) measured by the APS. m/zdivided by the total number of ions produced from the
hA scaling f:etgtor 6). wasﬂcljgfmed. as follows to correct for i,z ation of the particle. This was calculated as the peak
the ATOFMS' detection efficiency: area (PA) of the specific ion intensity divided by the total

Vinps peak area of the positive or negative mass spectrum. Hourly
For da>0.52um Sg, ; = V(ATOFVS) (@) fractional volumes ; ¢, ur?) of individual particles §) for
‘ each ion markerk() were estimated from:
Vo.1-05pum(FMP RPA « T 3
For dy <0.52 um S4, <0.52um = Voo 52£:2TOF33) 3) Vi k= 5 Z gd ik 4)
a< i

where V;aps and V;arorms) are the hourly total par- wheredy is the measured diameter (um) of individual par-
ticle volume concentrations measured by the APS andicle (i) for ion marker k) and RPA is the ATOFMS rel-
ATOFMS measurements in the size bip),(respectively; ative peak area aih/Zs corresponding to chemical species,
Vo.1-05umFMPs is the hourly total volume concentration of i.e. sulphate, nitrate, ammonium, OC, and EC. The composi-
particles in the range from 0.1 um to 0.5um (aerodynamiction indicated by the RPA was scaled based on the volume of
diameter) measured by the FMPS; aWig -0.52umaToFMS) the particle. Note that this approach may have potential bi-
is the hourly total particledz < 0.52 um) volume concen- ases when the aerosol is heterogeneous and/or only partially
tration obtained by the ATOFMS. To calculate the total vol- ablated by the laser. A further bias can occur with the as-
ume concentrations of particlegy(< 0.52 um) measured by sumption that the particles are composed of only sulphate,
the ATOFMS, an average diameter of 0.3 um was assumecditrate, ammonium, OC, and EC. However, in terms of mass
Even though number concentrations in the smaller size rang&actions of PM 5 these five species are predominant chem-
were available for both the FMPS and the ATOFMS, inte- ical compositions. In five Canadian cities these five chemi-
grated values were used for the quantification approach dueal species accounted for 66—85 % of total FMnass con-

to the poor detection efficiencies of the two instruments forcentrations determined by a TEOM, whereas most of metal
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Table 1. Descriptive statistics for hourly averaged particle volumetric concentrationddpm) measured by the FMPS and APS during
the SPORT in Toronto and the BAQS-Met in Harrow.

d2(um) Mean Median StD& Min® Maxd Lower Quartile Upper Quartile n®

FMPS  0.1-0.5 8.23 6.60 4.95 1.84 29.0 4.40 111 375
Toronto APS 0.3-0.5 0.38 0.27 0.30 0.08 1.46 0.18 0.45 375
APS 0.5-2.5 3.49 3.03 2.63 0.58 220 2.12 4.09 375
FMPS 0.1-05 105 8.37 8.41 0.18 341 3.12 15.8 520
Harrow APS 0.3-0.5 0.68 0.39 0.72 0.01 3.62 0.14 1.02 520
APS 0.5-2.5 2.88 1.92 2.75 0.21 155 1.06 3.55 520

d

a Aerodynamic diameteP. standard deviatior?, minimum; 9 maximum;® number of samples.

elements contributed only 4—7 % of the fine mass concentra2.3 Clustering analysis
tions (Jeong et al., 2011).

Hourly scaled ATOFMS volume intensitie¥4, um?) of In order to group the mass spectra obtained by the ATOFMS
chemical species were estimated using hourly size specifiinto a small number of classes, logarithmic scale ATOFMS
scaling factors for the corresponding species as follows:  data were imported in a MATLAB-based software toolkit

known as YAADA fvww.yaada.ory) Once imported, a clus-

VS = ik Sda () tering method based on the Adaptive Resonance Theory Arti-
where S, , is the size-resolved hourly scaling factor cor- ficial Neural Network (ART-2a) algorithm (Song et al., 1999;
respondirig to chemical species.( Gross et al. (2000) re- Phares et al., 2901) was applied with a V|g|_Iance factor of
ported that variations in relative peak areas of the ATOFMsO-3 @nd a learning rate of 0.05. More details on the clus-
ion intensity were smaller than absolute peak area variation{€iNg analysis in this study are presented by McGuire et
for particles of identical composition. However, RPA val- & (2011). The 33 particle clusters obtained by running ART-
ues of positive and negative ions may also be affected by?@ Were manually re-grouped into 10 general particle-types
inherent variances of particle compositions due to matrix ef.based on their similarities in mass spectra, size distributions,
fects within particles and chemical specific ionization effi- &nd temporal trends. The manually re-grouped particle-types
ciencies (Reilly et al., 2000; Reinard and Johnston 2008)_accounted for 99 % of the total hit particles. In this study,
The ionization efficiencies of alkali metals such as sodiumnourly size-specific scaling factors were applied to individual
and potassium are higher than any other measureable speciB@rticles to estimate the average mass composition of each
because of their low ionization energies. The presence oP@'ticle-type in terms of the major chemical components in

these species may result in different ion formation processes!amow.
than if they were absent, and as a result they may intro-
duce systematic biases in measuring relative ion intensities
(Reinard and Johnston, 2008). 3 Results and discussion
Instead of using RPA, the hourly ATOFMS peak area (PA),
as given in Eq. (6), was used to quantify chemical compo-3.-1 Detection efficiency of the ATOFMS

nents.
The scaling factor as a function of particle size was estimated

PAs= ZPAi,k'Sdai_k (6) during the SPORT campaign in downtown Toronto and the
i BAQS-Met study at a rural site (Fig. S1 in Supplement).
The scaled ATOFMS peak area was also compared with high NiS scaling factor represents the inverse of the detection
time resolution PM speciation data. Also implicit to this €fficiency and accounts for losses due to transmission and
method was the assumption that particles were fully ablatedonization or chemical detection. The largest scaling factor
and thus the ion intensity for a given/zwas proportional to ~ (~5-9x 10° for Toronto,~1.5x 10° for Harrow) was found

the total amount of the corresponding component within thefor the smallest particle size bins:0.5 pum), corresponding
particle. to the lowest detection efficiency for particles smaller than

0.5 um. The detection efficiency in Toronto, on average, was
higher than in Harrow by approximately an order of mag-

nitude for particles between 0.1 um and 2.5um. The differ-
ence in the efficiency was attributed in part to degraded per-
formance of the sizing lasers and the photomultiplier of the
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ATOFMS at Harrow. The transmission, and hence detection, 1.0
efficiency improved dramatically when these were later re-
placed after the Harrow campaign.
With respect to the field measurements, the chemical bi- ¢ |
ases of ATOFMS data were indirectly examined by compar- &
ing the hit efficiency in a given size bin. The hit efficiency % 0.4 1 {‘qﬂ ﬁ
is defined as the number of particles for which both size and 8
mass spectral data are obtained divided by the number of parE
ticles sized. Figure S2 presents the average hit efficiency as 5 o.0 , . , ,
function of particle size during the two field campaigns. On 1/20 1124 1/28 2/1 215
average, the hit efficiency was 2914 % in Toronto. During 1.0 ' ' , ' *
the BAQS-Met study in Harrow, the average hit efficiency
for total particles was 2#20%. Note that the ATOFMS
laser pulse energy was kept-atl mJ/pulse during the two
campaigns. Overall, the highest hit efficiency was observed
for the smaller ambient particles (0.5 um) with an average 0.4 1
efficiency of 3&t: 11 % in Toronto and 5% 14 % in Harrow.
Figure 3 presents the hit efficiency of particles smaller than
0.52 pm at the two sites. In Toronto the hit efficiency on 23 0.0 : ; ; : :
January was very low, dropping sharply from approximately 6/19 6/23 6/27 7 715 719
55% to 13 % as the concentrations of sulphate, nitrate and Date
ammonium increased. In addition, there were strong nega- o ) )
tive correlations between continuous measurements of sult'9- 3: ATOFMS hit efficiency for particle smaller than 0.52um in
phate, nitrate, and ammonium determined by the GPIC anJoronto(A) and Harrow(s).
the hit efficiency in Toronto. A decrease in the hit efficiency
during PM episodic days was also observed on 1-2 Febru- .
ary at the Toronto site and on 25-26 June at the Harrow3-2 Comparison between scaled ATOFMS and
site (Fig. 3b). No correlation between relative humidity and collocated measurements
the hit efficiency was observed, while ambient temperature
was negatively correlated with the hit efficiency. It is likely Comparison analyses between scaled total particle volume
that the increase of photochemical formation of secondarnybtained by the ATOFMS and collocated semi-continuous
aerosol during the period of high temperature resulted in theneasurements of chemical composition in Toronto and Har-
deceased hit efficiency during these episodes; it is postutow are shown in Fig. 4 and Fig. 5. Table 2 provides a
lated that this reduced hit efficiency was due to coating ofsummary of the comparison between the quantitative data
the particles with high albedo compounds such as ammoobtained using RPA and PA with the ATOFMS ion species
nium sulphate and ammonium nitrate. In order to examinePeaks and the chemical species concentrations measured at
the effect of particle mixing state on the ATOFMS hit effi- the two sites. Unscaled total particle volume concentrations
ciency, the correlation between the hit efficiency and the ra-Without inclusion of RPA or PA were also compared, as pre-
tio of EC to the sum of sulphate, nitrate, ammonium, and OCcsented in Table 2.
was analyzed. Pearson correlation coefficientsvere 0.50 In Toronto, fifteen minute average concentrations of ni-
(p < 0.05) at Toronto and 0.32x(< 0.05) at Harrow. These trate, sulphate, and ammonium were measured by the GPIC,
positive correlations support the observation that reduced hitwvhile two-hour-averaged OC and EC concentrations were
efficiency is associated with lower EC fractions (and thusobtained by the Sunset OCEC analyzer. During the SPORT
higher fractions of coating constituents), indicating the influ- campaign in Toronto, the highest correlation between the
ence of particle aging processes on the ATOFMS sensitivity ATOFMS and the GPIC was observed for nitrate followed
This finding is consistent with a previous ATOFMS scaling by ammonia and sulphate, as shown in Table 2. Note that
work, where particles composed of a significant amount ofscaling based on transmission efficiency improved the cor-
ammonium sulphate were postulated to be present during paelation; correlation coefficients (Pearsoh between the
riods of low hit efficiency in the size range of 0.35—-0.54 um hourly-averaged ATOFMS relative peak areas scaled by both
(Wenzel et al., 2003). the APS and FMPS for sulphate, nitrate, and ammonium
and hourly corresponding concentrations from the GPIC in
Toronto were 0.79, 0.89, and 0.85, respectively. Scaling
ATOFMS using the APS alone, rather than the APS and
FMPS together, lowered the Pearson correlation coefficients
for nitrate ¢ =0.70, p < 0.05), while there was little change

0.2

(B)
0.8

0.6 1

ATOFMS Hit Efficie

0.2 1
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Table 2. Pearson correlation coefficienty petween unscaled/scaled ATOFMS ion intensities and the hourly Sunset OCEC, GPIC (Toronto),
and AMS (Harrow) measurements.

Unscaled Scaled Scaled
ATOFMS? ATOFMSA® | ATOFMSag®
| Volume® RPA  PA | RPA PA | RPA PA
Sulphate £° = 306) 012 021 033/ 080 0.78| 0.79 0.60
Nitrate (1 = 304) 011 043 047/ 070 0.73| 0.89 0.84
Toronto Ammonium @=225) | 0.48  0.49 0.59| 0.85 0.87| 0.85 0.74
OC (n=123) 040 050 066/ 021 025| 045 0.55
EC (»=123) 034 032 054/ 023 029| 044 053
Sulphate £ = 426) 019 030 030/ 058 059|079 0.80
Nitrate ¢z = 426) 057 059 065 0.70 0.65| 0.85 0.70
Harrow Ammonium @=426) | 022 022 0.25 0.44 0.57| 0.70 0.76
OC (2 =227) 0.33 033 053 057 051|068 0.46
EC (» =227) 035 035 068 0.33 038|041 045

2 Raw ATOFMS intensities for sulphaten(z—97), nitrate (n/z—62), ammoniumr/z18), OC (m/z43), and EC1(/z36).
b Total volume of particles corresponding ion intensities.

¢ ATOFMS, has corresponding ion intensities scaled by APS.

d ATOFMSar has corresponding ion intensities scaled by APS and FMPS.

€ Number of samples.

in the correlations for sulphate and ammonium. Comparableorresponding AMS measurements, similar to the SPORT
correlation coefficients have been found when the GPIC hagampaign. Comparison of the ATOFMS and the AMS also
been compared to other high time resolution measurementshowed better correlations using scaling based on the APS
at other urban and rural sites (Grover et al., 2006; Long ancand FMPS rather than the APS alone. The stronger corre-
McClenny, 2006; Godri et al., 2009). Grover et al. (2006) lations suggested that using both the FMPS and APS was a
found a correlation coefficient (Pearsonof 0.82 between  more precise way of scaling the ATOFMS data.

the GPIC and R&P 8400S sulphate instrument.  For ni- - thq correlation analysis showed that the scaled ATOFMS
trate, the correlation coefficients between the GPIC and R&PRpA method in Toronto was a better way than using PA to
8400N nitrate measurements were 0.86 in Fresno (Grover &5 ntify sulphate, nitrate, and ammonium, whereas there was
al., 2006), 0.92 in Rubidoux (Long and McClenny, 2006), 5 consistent improvement of the scaling using RPA in Har-
and 0.86 in Toronto (Godri et al., 2009), a_‘” cqmparable with row. The variability in the quantitative ATOFMS methods
the scaled ATOFMS value of 0.89 found in this study. How- using RPA and PA reflects that temporally and spatially in-

ever, discrepancies b_etween the m_easurements occurred fﬂf)mogeneous particle compositions may influence the sensi-
sulphate and ammonium on days with elevated levels of amy iy, of the quantification method using single particle mass
monium sulphate and nitrate (23 January and 1 February) ”%pectrometry

Toronto. There was no discernable association of relative ] .

humidity with these discrepancies. As discussed in Fig. 3, The thermal-optical EC concentrations measured by the
relatively poorer hit efficiencies of ATOFMS on these days Sunset OCEC analyzer showed a lower correlation with the
were already compensated by the scaling factors. During théc@led ATOFMS ion signal an/z+36 Daltons £ =0.41 to
SPORT campaign in Toronto, Godri et al. (2009) found that0-44); using the sum of the scaled ATOFMS EC-related ions,
the GPIC sulphate on 23 January and the GPIC nitrate off/Z+36, +48, and +60, instead did not improve the corre-
1 February were slightly higher than the AMS sulphate andlatlgn. It is noteworthy that the' determinations of thermal—
R&P 8400N nitrate measurements, respectively, suggestingPtical OC and EC concentrations strongly rely on differ-

possible biases on the GPIC measurements on those days. €Nces in temperature profiles and optical correction meth-
ods: thermal-optical transmission (TOT) and thermal-optical

Continuous sulphate, nitrate, and ammonium concentrareflectance (TOR) (Chow et al., 2001, 2005). The concen-
tions were obtained by the collocated AMS for the BAQS- trations of EC and OC in this study were determined by the
Met study at the rural site in Harrow. The correlation analy- TOT method using a Sunset Lab field OCEC analyzer. Chow
ses of the ATOFMS and AMS technigues showed that scaleet al. (2001, 2005) found that EC concentrations using the
ATOFMS nitrate ¢ = 0.85), sulphate{=0.79), and am-  TOT protocol tend to be lower than the TOR method. Dur-
monium ¢ = 0.70) intensities were well correlated with the ing the SPORT campaign, Godri et al. (2009) reported that
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Fig. 4. Comparison between total ATOFMS relative peak area scaled by particle transmission efficiency and corresponding GPIC measure-

1/20

1124 1/28

Date

21 2/5

ments as well as Sunset Lab OC and EC concentrations during the SPORT campaign in T&jostitphate(B) nitrate,(C) ammonium,

(D) OC, and(E) EC.

a comparison of 2-h Sunset OCEC measurements and 2ATOFMS derived EC and OC values of tunnel dust sam-

h filter-based analyses showed a weaker correlation for EQles deviated more from the concentrations determined by
than for OC. Another probable explanation for the weak cor-thermal-optical methods, as compared to EC and OC quan-
relation of EC is the incomplete laser desorption and ioniza-tifications for laboratory generated particles. To account for
tion efficiencies of aged particles containing EC coated bythis deviation, they suggested that the increasing fractions of
OC and inorganic species. Ferge et al. (2006) found thatnorganic content in particles increased the uncertainty in the
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Fig. 5. Comparison between total ATOFMS relative peak area scaled by particle transmission efficiency and corresponding AMS mea-
surements as well as Sunset Lab OC and EC concentrations during the BAQS-Met campaign in &yrBwiphate,(B) nitrate, (C)
ammonium(D) OC, and(E) EC.

determination of EC and OC concentrations. Suppressiotiion of carbonaceous material in ambient particles from the
effects of low ionization energy alkali metals (e.g.™Nand  ATOFMS single particle mass spectrum data may be biased
K*) on the ion intensities of organic materials have been preby the presence of inorganic components.

viously reported by Reilly et al. (2000). Crustal compounds

may be more prevalent in ambient particulate matter from

rural areas than from a road tunnel. As a result, the estima-
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(A) mmmm Sulphate Table 3. Mass calibration factors derived from a correlation of the
- — E'“ate _ . scaled ATOFMS volumetric intensity (Vs, [inand GPIC/Sunset
| .
Or,\r;‘mon'um o | OCEC measurements (ugm) for PMa 5 chemical components
20 | ! = EC {1 during the SPORT campaign (parameter valttestandard errors).
a TEOM PM,
15 o ]
Slope ) Intercept )
'?’E\ 10 1 Sulphat@ 8.14x 10°°4£3.19x 106  5.86x 1014+ 6.21x 102
o (m/z—97)
f 5 1 Nitrate? 2.28x 1074+ 6.61x 106  3.47x1071+1.29x 1071
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The reconstructed mass (sulphate + nitrate + ammonium
+ OM + EC) from the scaled ATOFMS data correlated well
with the total PM 5 mass { = 0.86 for Toronto,r = 0.87
for Harrow). In Toronto, the regression between the total

Date ATOFMS (y) and TEOM ) measurements indicated a slope

Fig. 6. Stacked two hour resolution chemical species calculated bymc 1.33 with an mtercept of 3'2.31' MUCh. Of.thls difference was
. due to the loss of semi-volatile material in the TEOM mon-
using scaled ATOFMS RPA and measuredJ/gMnass concentra- . . - . .
tions by the TEOM in Toront¢A) and the DustTrak in Harro@B). 'tor'_ Due to a strong Wlnter-hlgh Season_a,“ty of nl'tra'Fe' for-
mation, the heated TEOM monitor volatilizes a significant
portion of the PM mass (i.e. ammonium nitrate and semi-
volatile organics) in wintertime (Schwab et al., 2004, 2006).
As shown in Fig. 6a, on the days of high ammonium ni-
Linear regression parameters between the scaled ATOFM®&ate, i.e. 23 January and 1 February 2007, the discrepancy
RPA (V9 and the GPIC/Sunset OCEC measurements foitended to increase. Further, 68 % of the Mvas on aver-
each chemical species in Toronto were calculated as preage presentas organic mass or nitrate, components that could
sented in Table 3. These mass calibration factors were appotentially volatilize in the TEOM. The negative bias in the
plied to determine the mass concentrations (ggnof cor- ~ TEOM were also previously reported during winter at this
responding PMs chemical components at both sites. Fig- Toronto site, using reconstructed mass concentrations based
ure 6 describes the result when the estimated chemical conen 24-h filter measurements or 2-h GPIC plus OCEC data
ponents by the ATOFMS are plotted along with the total (Godri et al., 2009).
PM_ 5 mass concentrations measured by the TEOM and the For Harrow comparison of the reconstructed ATOFMS
DustTrak in Toronto and Harrow, respectively. In order to data §) and the DustTrak Pl measurementsc] yielded
account for oxygen and hydrogen, organic matter (OM) wasa slope of 0.52 with an intercept of 4.62. At the
estimated from OC by applying a factor of 1.4 as suggestedower PM 5 concentration range<10 pg nt3) the DustTrak
by Turpin and Lim (2001). Note that the elemental composi-PM; 5 tended to be lower than the reconstructed ATOFMS,
tion of dust was a part of the unaccounted particulate mattewhereas the DustTrak data exceeded the ATOFMS data as
mass in this mass reconstruction. On average, nitrate was thbe PMy 5 mass increased at the higher concentration range
largest contributor (36 %) of the total PM (sulphate + ni-  above 10ugm3. As shown in Fig. 6b, the largest dis-
trate + ammonium + OM + EC) in the winter of Toronto, crepancy was observed during 9-10 July. Particle size dis-
followed by OM (33 %) and sulphate (18%). In Harrow, tribution data from the FMPS and APS indicated this dif-
OM, sulphate, and nitrate accounted for approximately 41 %ference was associated with an increase in particles larger
23 %, and 16 % of the Pp%, respectively. As an agricultural than 0.6 um. During 9-10 July, there was a distinct differ-
area, the high contributions of OM and sulphate indicated theence between the AMS sulphate, nitrate, ammonium, and or-
strong influence of secondary organic aerosols (SOA) fromganic mass concentrations and the DustTrak BMass con-
regional/trans-boundary sources. centrations (Fig. S3). The presence of refractory materials

3.3 Mass reconstruction
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(elemental carbon and soil dust) could be a possible reasoscaled ATOFMS and the Sunset OCEC measurements were
for the absence of AMS mass measurements, since the AM$oorer than the other three chemical species, sulphate, ni-
is unable to detect those PM components. In addition, thedrate, and ammonium, thus the estimated OM and EC masses
comparison between the DustTrak measurements and scalddhd higher uncertainties.
volume concentrations measured by ATOFMS under the as-
sumption of RPA of 1 showed excellent agreement, suggest3.4 Scaling ATOFMS particle-types
ing that obtaining scaling factors in this study using two par-
ticle number concentration measurements was effective. Thdhe size-scaling and mass-calibration-factor methodology
average values of RPA for sulphate, nitrate, ammonium, andvas also used in order to estimate the mass composition
OC during 9-10 July were 15-35% lower than these av-of different types of particles. The contribution of the 10
erages during the entire measurement period, whereas tHarticle-types to the total detected particles and the most rep-
RPA for EC was approximately 70 % higher than the aver-resentative ions for each particle-type are presented in Ta-
age value. However, the presence of EC could not substarfle 4. A more detailed explanation for the particle-types is
tially contribute to the total PMs mass concentrations due Provided elsewhere (McGuire etal., 2011). Figure 7 exhibits
to the relatively smaller mass calibration factor as shown inthe number fraction of these particle-types as a function of
Table 3. In addition to the increase of the RPA values for ECParticle diameter. In this clustering analysis, the number and
(m/z+12, £24, +36, +48, +60) in the positive and nega- Size distributions of particles smaller than 0.5 pm were com-
tive mass spectra, more dust related ion spectra from phodined into one size bin. The 10 particle-types were scaled
phate (/z—47,—63, —79, —95), sodium n/z23), calcium by the hourly size-specific scaling factors. Equation (5) was
(m/z 40, 56), and ironr/z54, 56) were detected in large applied to each individual particle of a given particle-type,
particles &0.6 um) (Fig. S4). These results imply that the t0 estimate hourly scaled volumetric intensities of the five
most likely factor causing disagreement in mass concentraiajor chemical components for that particle-type. In this
tions from the DustTrak and ATOFMS during the 9—10 July quantification method, the mass calibration factors in Table 3
event would be the presence of crustal materials, which thavere used to convert the scaled volume intensities into mass
mass reconstruction of ATOMFS did not include. Moder- concentrations (ug ). The average mass concentration of
ately high relative humidity +88 %) was observed at the the five chemical species and their contributions to the 10
peak time (04:00 a.m. LT, 10 July) of the event with a meanparticle-types are depicted in Fig. 8. It should be noted that,
RH of 65+ 15 % during the event. The high relative humid- the mass concentrations and compositions in Fig. 8 are with
ity over the night would be another factor that introduces therespect to the five major chemical components. These five
maximum differences at night. Significant amounts of watercomponents represented the majority of the overalbEM
on the particle surface may lead to decreasing ion intensitie§hass, and thus presumably the majority of the mass for each
of sulphate and nitrate due to the deliquescence of ammoparticle-type. However, not all particle components detected
nium nitrate/ammonium sulphate (Ge et al., 1998). SomePy the ATOFMS were used for the mass closure, thus Fig. 8
uncertainties to this comparison may result from the strongdoes not necessarily represent a complete mass reconstruc-
effect of RH on aerosol light scattering (Carrico et al. 1998).tion. Most of the particle-types contain at least some of all
The high RH during the nighttime can cause fMeadings ~ five components, indicating a high degree of internal mixing
of DustTrak using a light scattering technology to be biased.of these components. This is not surprising given that four of
Excluding 9-10 July, the averages of the two measurethe five components were presumably secondary in nature,
ments agreed almost perfectly, however, a recovery of 0.88Vith EC representing the only primary component. In terms
(i.e. slope with the intercept 0) was obtained due to differ- Of these five components, the particle-types differed mostly
ences at low and high concentrations. This agreement mudf their relative ratios of sulphate or nitrate to ammonium,
be emphasized as the Harrow ATOFMS mass reconstructio@nd organic to elemental carbon. The degree of external mix-
was calculated based on calibration factors derived from théng of the minor components, not shown here, was greater.
Toronto data, collected in winter not summer and at an ur- The mass concentrations (Fig. 8) of the particle-types
ban instead of a rural site. Thus it appears that it may bévas also used to estimate their acidity ratio, the molar ra-
possible to extend calibration factors from one site to an-tio of ammonium to nitrate + sulphate: ([NH/18)/(2 x
other such that mass concentrations can be estimated frov[ﬁof[]/% + [NO31/62). On average, particle acidity anal-
ATOFMS data even when no other co-located speciation inysis using the scaled mass concentrations showed that more
strumentation is available. than half (61 %) of total particle mass concentration in Har-
It is recommended that this approach to mass reconstrucrow were neutralized or slightly acidic with an acidity ratio
tion, based on ATOFMS data, be further explored usingof 0.75+ 0.29 (meant standard deviation). The acidity ra-
data from additional sites, in order to better establish if ortios were generally within the expected range of 0.5 to 1.0,
when calibration factors can in general be applied to mul-providing a further measure of the accuracy of the composi-
tiple sites. In addition, more work is required in the esti- tion estimated for these particles. A previous aerosol acidity
mation of the carbonaceous species. The correlation of thetudy using 5-yr data from filter samples reported that the
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Table 4. Major ion markers of the 10 major particle types in Harrow.

Particle Types  Major lons

0ocC-S 18NHY, 43C3HT /ICoH301/ICHNOT, 97HS O,

OC-S-N 18NHZ, 43C3HT /CoH301/CHNOT, 26CN~, 40N0O; , 82NO; , 9'HS O,
ocC 27CyHT, 39K+, 43C3HT/ CoH30T/CHNOY, 97THS O,

EC-OC 12ct, %6ct, 97Hs O,

Amines 59C3HgNT

Fireworks 39+, 159Ba0H+,40N0O;, , 62NO3 , 163K (NOg), , 12°H(NO3),

EC () gk 23Ngt

EC (II) 1k 3%+, 46N0; , 62N05 , OTHSO]

Dust 23Nat, 39K+ 40t $6Ca0r, 160, 1TOH-, 46NO; , 62NOy
Dust-Na Z3Nat 160~ 170H-, 46NO; , 2NOy , 13INaNO,NO;

ings of organic nitrogen compoundsifz —26 [CN~] and

1.0
mmm OC-S
ol Y —42 [CNO)).
- ‘E)g_oc The acidity ratios for the OC-S-N and OC-S particle-types
5 06 m— Amines were 0.91 and 1.42, respectively, indicating that the OC-S-N
3 — Eiéevlvorks particles were more acidic than the OC-S. This is consistent
Ik 0.4 o EC E”)) with the presence of more nitrate in the OC-S-N particle-
o s Dust type. While the OC-S-N types were observed throughout the
“] fj == DustNa whole campaign, the OC-S particles were mostly detected
00 during the later period of the campaign (5 to 6 July), when
03 04 0506 08 1 2 more organic mass was present.
Aerodynamic Diameter (um) The OC-rich particle-type contained a large amount of or-

ganic mass and contributed16 % of the total mass, mea-
sured by the ATOFMS at the Harrow site. The OC-rich par-
ticles were similar in composition to the OC-S particles ex-
cept that their mass spectra contained a much larggrd@k.

The presence of potassium in particle mass spectra has pre-

aerosol molar ratio ranged from 0.75 to 0.98 during sum- " ) )
mer months while more than 97 % of samples had a ratiowously been found to be a good marker of biomass burning

between 0.5 and 1.0 at a rural site in the northeastern Unite§B€in €t al., 2008). Further these particles had a relatively

States (Ziemba et al., 2007). However, acidity ratios abovesall mode in their size distribution a10.45 pum, suggesting

1.0 were found for some particle types, suggesting that er_that this potassium did not originate from soil road dust. The

rors remained in the estimation of some of the associate®C1ich particles had an acidity ratio of 0.87 and thus were

components. Thus the trends in the acidity ratios rather thaf°"e acidic than the other OC particle-types.

their absolute values were used to compare the acidity of the The EC-OC particles contained much (42 %) of the ele-

particle-types. mental carbon and had a high ratio of elemental to organic
The OC-S was the largest contributor (30 %) to the totalc@rbon (Table 5). The spectra of the EC-OC particles had

mass concentration measured by the ATOFMS, followed byclear EC peaks an/z+12 and+36 and organic fragments
the OC-S-N (29 %). In addition, these two particle-types ex-With m/z—97 ion peaks. This type contributed 11 % of the
plained the majority (54—63 %) of the sulphate, nitrate, am-total mass detected by the ATOFMS. The EC-OC was the
monium, and OC in Harrow (Table 5). The OC-S particles most abundant particle-type on a particle number basis.
were composed of similar amounts of organic and inorganic The amine and fireworks particle-types were only ob-
components, with sulphate and ammonium making up mosterved on certain days. For example, a large number of fire-
of the inorganic mass. This corresponded to the strong sulworks particles were observed on 5 July, the day after the
phate (n/z—97) and ammoniunn(/z18) in the mass spectra 4 July celebration. The fireworks particles contained large
of the OC-S patrticles peaks, with the presence of mgh  amounts of nitrate, possibly as residue from the kNGed
organic peaks. The OC-S-N particles had similar composi-in the gun powder. The mass spectra of the fireworks particle-
tion but with more nitrate. Their spectra contained strongtype were characterized by strong MgK™, and nitrate
organic fragment peaks (i../z27 and 43) mixed with load-  with the presence oh/z88[Sr"], m/z154[BaOH"], andm/z

Fig. 7. The proportion of particles of each type, based on particle
number, as a function of particle size.
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Table 5. Contribution (%) of the 10 particle types to BN major o 35 — h
chemical components in Harrow. € 3.0 1 N — Sylp o
=) mmmm Nitrate
T 2.5 mmm Ammonium
, - ; o oM
Particle Types  Sulphate Nitrate Ammonium OM EC g 2.0 — EC
OC-S 33 21 36 31 15 S
OC-S-N 29 34 24 30 15 2
oc 15 15 11 19 8 3
EC-OC 16 10 11 6 43 @
Amines 3 7 11 8 3 ©
Fireworks 0 2 0 0 o0 =
EC (1) 1 0 5 2 13
EC (II) 1 1 1 1 3 )
Dust 1 9 1 4 1 =
Dust-Na 0 1 0 0 0 o
% 60 -
*OM=1.4x OC. 8.
Estimates presented are subject to rounding errors. g 40 -
‘s
@ 20 -
—163[K(NOg),]. Previous studies also found K, Al, Mg, =
Ba, and Sr are key elements of fireworks (e.g. Liu etal., 1997; 0 -
Moreno et al., 2007). Although the mass contribution of the R ?j\‘ & &, & 039 D OQ\\ 0"(} Rl
fireworks particle type was negligible, this type had a very © oy & v,é‘ ‘&4\ v < ooe
low acidity ratio of 0.2. This low ratio was consistent with <
the nitrate being associated with alkaline earth compounds Particle Type

(e.g. KNQ;) rather than ammonium and thus was likely not ) N
Fig. 8. Average mass concentrati¢f) and compositior{B) of the

indicative of high acidity. The amine type contained a high five PMb = chernical components in the 10 particle tvbea
abundance of organic matter and more nitrate than sulphate. 2.5 P P ypes.

The presence of amine was identified by a peakn&t59

[C3H9N]. OC fragments and low negative ion peaks Were nnate and nitrate peaks suggested that this particle-type was

also observed in the mass spectra. While the amine partideéssociated with aging. The EC (Il) particles may have been
type accounted for 7% of the total mass measured by the, e processed version of the EC (I) particles.

ATOFMS, the type was only observed during periods of high 1,5 qust-related types (Dust, Dust-Na) were found with
relative humidity (Rehbein et al., 2011). Amines in ambient yo|4tively larger modes=(0.8 pm) in their size distributions
aerosols have been identified at a variety of locations usingith the common presence of/z —16 and—17 as well
single particle mass spectrometer_s (e.g. (_Be etal., 2011): Ansg peaks am/z —46 and 23. The Dust type was char-
gelino et al. (2001) found that amine particles CharaCte”Zedacterized by strong crustal element peaksnét 24[Mg"],

by m/z86 increased with increasing RH and decreasing tem27[A|+], 39[K*], 56[Ca0t] mixed with more organic frag-

perature in urban areas. _ . _ ments, whereas the Dust-Na type was more clearly as-
_ The EC (I) and EC (1) particles contained high propor- gqciated with Na and fragments (e.g. 131[NaN®O; ],
tlon§ IOf erllerge?tal car?on. The ma;s spec/tra f; theé4EC (I)l47[Na(NQ,)§]) of sodium nitrate. Of the five compounds
paBrgc esd adc ear%nbragrient F;egss (ﬁjlgn f}i ’fi h quantified, nitrate was the most important contributor to the
+36) and a strong pea atm/z23 while t ose or_t € mass of the dust related particle-types (Fig. 8b); other com-
EC (“.) type also had higher sulphate apd n_|tra_te ',mens"pounds not quantified from the ATOFMS data, such as min-
ties with the %n fragment peaks. The size distribution of eral oxides, likely also contributed. The contribution of these

the EC (1) type exhibited the small mode-a0.25um. The compounds is not reflected in Fig. 8. The low content of am-

small size and low sulphate to elemental carbon ratio Sug'gnonium indicated an internal mixture of nitrate and mineral

gested that these particle types were associated with fres ust components, possibly Caj@nd NaNQ@. The reac-

emissions from fossil combustion processes. The EC (1) YP&ions of HNQ; with NaCl or CaCQ are well-known deple-
was observed in other ATOFMS studies at different Iocationstion mechanisms of HN@In the atmosphere (Myhre et al

(Dall'Osto et al., 2006; Moffet et al., 2008). These single
particle analysis studies found that the early morning peak o
an EC particle type with high intensities of Navas asso-

ciated with freshly emitted vehicle particles. The larger size
mode (0.84 um) of the EC (ll) type and the presences of sul-

006). The dust group particles were mostly larger in size;
he Dust-Na cluster showed the largest size distribution with
a mode of 1.8 um.
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It should be emphasized that the reported compositionsnass measurements made at the Harrow site. Thus it appears
are estimates and the methodology still requires refinementhat it may be possible to extend regression parameters from
Specifically, implicit in the approach was the assumptionone site to another such that mass concentrations can be es-
that compounds exhibited similar sensitivities within differ- timated from ATOFMS data even when no other co-located
ent particle-types. This assumption needs to be further invesspeciation instrumentation is available.
tigated. Ten major particle-types: OC-S, OC-S-N, OC-rich, EC-

OC, Amines, Fireworks, EC (1), EC (ll), Dust, Dust-Na were

identified by applying the ART-2a clustering algorithm to
4 Conclusions ATOFMS ion mass spectra data collected from Harrow. The

number and size distributions of the 10 particle-types were
Mass concentrations of PAd chemical components were scaled by the hourly size-specific scaling factors. The scaling
determined from ATOFMS data collected at urban and ru-sjgnificantly altered the size distributions and contributions
ral sites during the SPORT and BAQS-Met field campaigns.of the particle-types. The quantification approach was also
In order to account for the temporal changes in the parti-zpplied to scaled mass spectra of each particle-type so as to
cle detection efficiency of the ATOFMS, the ATOFMS data calculate the mass composition of each particle-type in terms
were scaled using particle number concentrations measuregf their major components. This approach provided new in-

simultaneously by an APS and an FMPS. Hourly scaled vol-sight into the contribution made by different particle-types to
ume concentrations of the five chemical species were estithe overall mass composition.

mated using the ATOFMS relative peak area (RPA) and these

hourly size-specific scaling factors. This approach allowedsypplementary material related to this

sulphate, nitrate, ammonium, OC, and EC mass concentragrticle is available online at:

tions to be derived for the first time based on real-time singlenttp:/aww.atmos-chem-phys.net/11/7027/2011/

particle ATOFMS measurements. Sensitivity analysis wasycp-11-7027-2011-supplement.pdf

performed by comparing this approach to results obtained

using peak area (PA) instead (i.e. PA vs. RPA), as well as re-

sults obtained using only the APS for scaling (i.e. APS aloneAcknowIedgementsThis work was supported by in part by the

vs. APS +FMPS). This sensitivity analysis further validated ontario Ministry of the Environment and Environment Canada.

the approach selected. Funding for SOCAAR was provided by the Canada Foundation for
During the SPORT campaign in Toronto, nitrate<0.89) Innovation, the Ontario Innovation Trust and the Ontario Research

showed the strongest correlation between the ATOFMS andrund. The authors would like to thank Andrew Knox for OC and

parallel GPIC measurements. Good correlations were als&C instrument operation at the Toronto site.

observed for ammonia & 0.85) and sulphater(=0.79) in ) _

the urban area. The correlation analyses for the BAQS-Mefdited by: D. Hastie

study in Harrow also showed good correlations between the
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