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Abstract. Two Aerodyne Aerosol Mass Spectrometers (Q- midity) and size of the particles sampled. However, the rela-
AMS) were deployed in Mexico City, during the Mexico tionships between composition, atmospheric conditions, and
City Metropolitan Area field study (MCMA-2003) from 29 particle shape and size appear to be very complex and are not
March—4 May 2003 to investigate particle concentrations,yet completely understood.

sources, and processes. We report the use of a particle beam
width probe (BWP) in the field to quantify potential losses of
particles due to beam broadening inside the AMS caused by |ntroduction

particle shape (nonsphericity) and particle size. Data from

this probe show that no significant mass of particles wasThe Aerodyne Aerosol Mass Spectrometer (AMS) has been
lost due to excessive beam broadening; i.e. the shape- anglidely used to measure concentrations of non-refractory
size-related collection efficiencyE() of the AMS during  species in particles smaller than abouytrh (NR-PM) with

this campaign was approximately one. Comparison of thehigh time and size-resolution. However, in previous studies
BWP data from MCMA-2003 with other campaigns shows using the AMS (Allan et al., 2004; Drewnick et al., 2004b;
that the same conclusion holds for several other urban, ruHogrefe et al., 2004; Zhang et al., 2005b) it has been ob-
ral and remotes sites. This means that the aerodynamic lenserved that there is a systematic (but highly reproducible)
in the AMS is capable of efficiently focusing ambient parti- underestimation of the mass concentration of aerosols mea-
cles into a well defined beam and onto the AMS vaporizersured with the AMS when compared to other quantitative
for particles sampled in a wide variety of environments. All aerosol measurements such as the Particle Into Liquid Sam-
the species measured by the AMS during MCMA-2003 havepler (PILS) or Scanning Mobility Particle Sizer (SMPS). In
similar attenuation profiles which suggests that the particleghese studies, the underestimation in mass concentration ob-
that dominate the mass concentration were internally mixedserved with the AMS indicates AMS Collection Efficiencies
most of the time. Only for the smaller particles (especially (C E) ranging from 0.43 to 1.

below 300 nm), organic and inorganic species show different Huffman et al. (2005) have recently defined the observed
attenuation versus particle size which is likely due to partial AMS collection efficiency as the product of three terms:
external mixing of these components. Changes observed i E=FE; « E; x E;,. Previously, the latter two effects (and
the focusing of the particle beam in time can be attributed,sometimes all three effects) had been included in one collec-
in part, to changes in particle shape (i.e. due to relative hution efficiency C E=E, = E;, or CE=E| % E, x E;) (Alfarra

et al., 2004; Drewnick et al., 2004a; Zhang et al., 2004). The
Correspondence tal. L. Jimenez E; term accounts for the fraction of particles in Pkat are
(jose.jimenez@colorado.edu) not transmitted into the AMS due to limited transmission of
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the inlet and lens of the AMS (Jayne et al., 2000; Zhang et 1.
al., 2004).E; and E;, account for possible effects that cause
non-detection of the PMpatrticles that are introduced into
the instrument and exit the aerodynamic lens. The bounce-
related collection efficiencyH,) could be smaller than one

if some of the dry less-volatile particles (such as those with
a high proportion of (NH)2SOy) bounce after impacting the
AMS vaporizer, instead of evaporating. The shape- and size-
related collection efficiencyH;) could be less than one for
nonspherical particles because the efficiency with which they
are focused by the lens is reduced due to lateral forces acting
upon the particles during the acceleration in the lens (Jayne
et al., 2000; Huffman et al., 2005). This could, in principle,
cause some irregular particles to “miss” the AMS vaporizer.

While E; is less than 1 at the small and large particle
size ends of the aerodynamic lens transmission range due to
spherical particle losses in the inlet and aerodynamic lens,
Egs accounts for additional particle loss due to the potential
inability of the aerodynamic lens to focus irregular particles
onto the AMS vaporizer for detection. The latter effect may
be important for particles less than 100 nm in diameter and ™
is especially significant for sampling nanoparticles (Wang et
al., 2005) because spherical particles at these sizes are less
well focused by the lens, and any additional effect that de-
grades focusing (such as non-sphericity) is more likely to
cause particle losses than for larger sizes which are very well
focused.

The use of a particle beam width probe (BWP) to deter-
mine E; in the laboratory (Jayne et al., 2000; Huffman et
al., 2005) and in the field (Allan et al., 2006a; Weimer et al.,
2006) has been described previously. However, this is the
first report that analyzes in detail data from a BWP deployed
in the field and compares the results obtained in several field
studies.

The Mexico City Metropolitan Area field experiment
(MCMA-2003) was an intensive 5-week campaign that took

D. Salcedo et al.: AMS beam width probe in the field

New York City (NY): Q-AMS measurements were
carried out during the Particulate Matter Technology
Assessment and Characterization Study — New York
(PMTACS-NY) 2004 winter campaign. The site was
located in the campus of Queens College, within 1 km
of two major traffic highways in the New York City
metropolitan area (Weimer et al., 2006).

2. Duke Forest: the measurements were part of the Chem-

ical Emission, Loss, Transformation and Interactions
within Canopies (CELTIC) study, which took place
during July 2003. The site was based at the Forest-
Atmosphere Carbon Transfer and Storage (FACTS-I)
facility located in the Blackwood Division of Duke For-
est, near Durham, North Carolina. The forest is com-
posed primarily of trees that emit both isoprene and ter-
penes, leading to likely formation of biogenic secondary
organic aerosol. The site is also impacted by regional
pollution transport (Delia, 2004).

3. Pinnacle Park: Pinnacle State Park in Addison, NY, is

a rural site surrounded by a 9-hole golf course, a pic-
nic area, undeveloped state forest lands, abandoned pas-
tures, a 20 hectare pond, and a handful of homes. Mea-
surements were part of the PMTACS-NY program in
August 2004 (Schwab et al., 2006).

4. Chebogue Point: as part of the International Consortium

for Atmospheric Research on Transport and Transfor-
mation (ICARTT) intensive field study during the sum-
mer of 2004, a fixed field site was operated at Chebogue
Point. This was a remote site located on the coast
of southern Nova Scotia which was designed to study
the emissions from mainland North America within the
boundary layer a period of hours to days after emission
(Allan et al., 20068B).

place in the spring of 2003 (31 March—4 May). It was con- The particle beam width and the shape- and size-related col-
ducted with the goal of investigating the atmospheric chem-gction efficiency €,) was calculated and compared at all the
istry of the MCMA, with particular focus on emissions quan- gpove sites to test the efficiency of the aerodynamic lens to
tification, gas-phase photochemistry, and secondary particupycys the particles sampled in different environments.

late matter formation. During the MCMA campaign, we de-
ployed two Aerodyne Quadrupole Aerosol Mass Spectrome-

ters (Q-AMS); one at the CENICA supersite, located in the2 Experimental

southeast area of Mexico City (Salcedo et al., 2006), and one

on the Aerodyne Mobile Laboratory (Kolb et al., 2004). Both The Q-AMS has been described in detail previously (Jayne
AMSs used a BWP to investigate the particle beam disperet al., 2000; Jimenez et al., 2003) and the details of its op-
sion and to estimate the shape- and size-related collection ef
ficiency of the Q-AMSs. In this paper, we briefly describe the
B o e Bl e et 25 Gl £ 5. oo . 2 Gt A . s
. . . .. B.J., Millet, D. B., Ogren, J., Andrews, E., Sheridan, P., Jefferson,
supersite and at La Merced, gsne downtown Mexico City N A Roberts, J. M., Kreisberg, N. M., Hering, S. V.. Russell, L.,
an area of heavy vehicle traffic. Gilardoni, S., Quinn, P., and Worsnop, D. R.: Overview of In Situ
Results from beam width probe deployments at other sitesieasurements of Particle Composition at Chebogue Point, Nova
in a wide variety of environments are briefly presented hereScotia, During Summer 2004 and Insights into Organic Chemical
and compared to the MCMA results: Processes, J. Geophys. Res., submitted, 2006b.

1Allan, J. D., Coe, H., Cubison, M. J., Jimenez, J. L., Huffman,
A., DeCarlo, P. F., Northway, M., Canagaratna, M. R., Onasch,
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Fig. 2. Average signal attenuation for the airbeam and the main
Fig. 1. Schematic diagram of the AMS vaporizer and Beam Width AMS species measured at CENICA as a function of distance of the
Probe (BWP). The dimensions in the figure correspond to a longBWP from the center of the vaporizer. Nitrate, sulfate, and organics
chamber (Huffman et al., 2005). curves are not visible because they are behind the ammonium curve.

The relative sizes of the vaporizer and the BWP (projected onto the
eration and main results from the CENICA supersite are dePlane of the vaporizer) are shown at the bottom of the figure.
scribed elsewhere (Salcedo et al., 2006). The BWP was used
to allow the estimation of the potentially reduced particle col- i )
lection efficiency due to particle size and shape, as well asto "€ Q-AMS has been deployed using a number of dif-
study the degree of nonsphericity of the ambient aerosol. Théérent configurations, with two different chamber lengths
design of the probe and the techniques for analysis and int10ng” and “short’) (Huffman et al., 2005), as well as sev-
terpretation of its data have been extensively discussed els&r@l designs of the aerodynamic lens (Zhang et al., 2004).
where (Jayne et al., 2000; Huffman et al., 2005). All the AMS instruments mentioned in this paper used a long

Figure 1 schematically shows the probe used at CENICA,Chamber (see Fig. 1) and a “standard” aerodynamic lens. Al-
which consisted of a 0.41 mm diameter wire which caststhough the operation of the BWP was similar in all the instru-
a “shadow” 0.52 mm wide at the surface of the vaporizer.me”ts’ the diameter of the wire used was different. The wire
The wire was moved intermittently to several fixed positions US€d at NY and Pinnacle Park was 1.0 mm in diameter, while
blocking different parts of the particle beam from reaching the wire used at La Merced, Duke Forest and Chebogue Point

the AMS vaporizer, in order to determine the attenuation ofad a diameter of 0.5 mm.
the signal versus wire position. The BWP was alternated be-

tween the “out” position (not blocking any part of the va- ) .
porizer) and one of the seven partially blocking positions in3 Results and discussion

front of the 3.81 mm diameter vaporizer. One of the seven . . ) )
blocking positions covered the center of the vaporizer andThe time series of the signal attenuation at CENICA was cal-

the other six were symmetrically located on each side of theCl'”at‘ad for each AMS species by comparing the particle sig-

beam center. When the BWP was on the center positionnal when the wire was blocking the beam to the nonblocking

its shadow covered 21.8% of the total area of the vaporizerP0Sition signals in the 2 minutes preceding and following the

The probe was moved every two minutes, with a total Cy_attenuated measurement. The average signal attenuation for

cling time (rotating through the entire round of positions) of €aCh species measured as a function of BWP position across
the particle beam is shown in Fig. 2. Non-refractory chlo-

28 min. Note that due to imperfections in the construction™ '™ F g ] )
of the aerodynamic lens, different particle sizes can be folide is not included because its concentration was generally

cused along slightly different axis (Huffman et al., 2005), Very low most of the time and its attenuated signal profile is
with this effect being more pronounced for the smaller parti- VErY N0isy. The attenuation at each position is similar for all
cles transmitted by the lens. Since the alignment of the BwPSPeCies, and itis large only when the BWP is at the center po-
and aerodynamic lens is always performed with particles insition. This means that the particle beam is well-focused on

the accumulation mode size range, this may lead to a systenil€ vaporizer, covering only a small area in the center of 'ot
atic bias with lower particle beam attenuation for the smaller | '€ @réa under the curve in Fig. 2 does not add up to 100%,
particles. as is expected if all the wire positions are situated next to

each other, with no overlapping or gapping. The reason is
that, due to an error in the wire mechanism setup, there were
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Fig. 3. Average signal attenuation for the main AMS species mea-Fig. 4. Box-whisker plots of the beam width for several campaigns
sured at La Merced as a function of distance of the BWP from theusing Q-AMSs equipped with a BWP. Dots represent the average
center of the vaporizer. Line: signal attenuation caused by a 0.5 mnbeam width §;,,); horizontal lines represent the median; bottom and
wire, calculated using the 2-D Circular Gaussian model describedop of the boxes represent the 25 and 75 percentiles, respectively;
by Huffman et al. (2005). and the bottom and the top whiskers represent the 5 and 95 per-
centiles, respectively. On the right side, the shape- and size-related
collection efficiency E5) as a function of beam width is shown.
small gaps between the middle wire positions that caused the
wire not to cover 100% of the vaporizer area. The fact thatattenuation profile is noisier than for the other species due
the profiles in Fig. 2 of all species are similar suggests thato higher noise at the mass peaks used by the AMS to quan-
the ambient particles that accounted for most of the submitify this species (mainly caused by interference fromions
cron mass were typically internally mixed during MCMA- from O, and water with the NEi ions). However, the atten-
2003. Similar conclusions were obtained from the analysisuation profile for ammonium is very similar to the profiles
of the speciated size distributions (Salcedo et al., 2006) andbr nitrate and sulfate. The agreement between the observed
from electron microscopy studies of individual particles col- and the expected attenuation due to the BWP indicates that
lected at the CENICA site (Johnson et al., 2005). the 2-D Gaussian model is consistent with the particle beam
The airbeam signal (grey trace in Fig. 2) is attenuated asshapes observed for ambient particles.
all positions except the outermost one, which indicates that Applying the 2-D Circular Gaussian model of Huffman et
the airbeam is not as well-focused as the particle beam. Thal. (2005) to the attenuation profile of the total AMS mass
attenuation of the airbeam is not symmetrical around the cenconcentrations, we calculated the time dependent particle
ter of the AMS vaporizer. This asymmetry in the airbeam beam width at the vaporizer plang,() for each of the cam-
might be caused by slight imperfections in the apertures angaigns listed abover,, is the standard deviation for the 2-D
skimmers that the airbeam traverses inside the AMS. Thes€ircular Gaussian function, centered at the axis defined by
imperfections do not appear to significantly affect the par-the lens and the center of the vaporizer, that describes the
ticle beam focusing. Another possible cause of the slightparticle density distribution in the beam at the plane of the va-
asymmetry of the broad airbeam distribution is a potentialporizer of a long chamber AMS. Figure 3 shows the average
asymmetry of the electron density in the ionizer, caused bys;, for the La Merced study. The resulting time dependent
the position of the filament. If that is indeed the case, theparticle beam width was then averaged over all the sampling
particle beams are probably too narrow and the resolutiontime in each study. The mean values, along with the median,
of the spatial measurements are too low to observe a similaand the 5, 25, 75, and 95 percentiles, are shown in Fig. 4.
asymmetry in the particle signal. This figure also shows the relation between particle beam
Huffman et al. (2005) have used a 2-D Circular Gaussianwidth and the shape- and size-related collection efficiency
model to describe the particle density distribution (the beam(Ey), (Fig. 4 in Huffman et al., 2005). The particle beam
shape) after the aerodynamic lens. Using this model, it iswidth values measured during MCMA-2003 correspond to
possible to determine the beam width at the vaporizer froma collection efficiency for the AMS vaporizer that is larger
the particle signal attenuation observed due to the BWP. Figthan 99% £,~1). Thus, no significant particle mass went
ure 3 shows the average signal attenuation for speciated masmdetected because of excessive beam divergence. Although
loading measured at La Merced, compared with the expectethe other sites represent very different environments (one ur-
attenuation for the 0.5 mm wire used, calculated using theban, two rural and one remote) with correspondingly differ-
2-D Gaussian model. The beam width was fitted so that exent particle chemical compositions and size distributions, the
pected attenuation showed the best correlation with the fieldAMS particle beam in nearly all cases was sufficiently well
data. The plot for ammonium is not included because thefocused for complete collection at the vaporizég{1).
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Fig. 5. Panelqa) and(b): Campaign-average size distributions obtained by the AMS with the BWP in the non-blocking and particle beam
center-blocking positions, measured at CENICA during MCMA-2003. P4g(oglssignal attenuation caused by the BWP at the center
position as a function of particle size. Also included is data from laboratory experiments with ammonium nitrate, ammonium sulfate, oleic
acid (Huffman et al., 2005), and DOS (Liu et al., 1995) particles.

Only few periods were observed during the NY and Pin-tions, the measured attenuation was near zero and therefore
nacle studies when the sampled particle beam widths werao size-dependent attenuation was observed.
greater than 0.77 mm, corresponding to a loss-6f6 of Panel (c) in Fig. 5 also shows the attenuation expected
the particles due to inadequate focusing. Thus, the standarfbr monodisperse pure-component particles calculated from
aerodynamic lens used in the AMS is capable of efficientlylaboratory measurements (Liu et al., 1995; Huffman et al.,
focusing the particles that dominate the mass distribution intd2005). The attenuation for oleic acid particles, which are
a narrow particle beam, with particle mass losses due to inadspherical, represent the maximum attenuation expected for
equate focusing close to zero for a broad variety of differenta given particle diameter. Ammonium nitrate and sulfate
aerosols most of the time, withg rarely smaller than 0.95. particles show less attenuation than oleic acid because they
Interestingly, the Chebogue data shows a very narrow bearare crystalline solids (nonspherical), the effect being more
most of the time. This is probably due to the relatively high pronounced for ammonium sulfate. Ambient particles gen-
RH during the campaign, because the site was within 100 nerally show much less attenuation than spherical oleic acid,
of the ocean and frequently under foggy conditions. indicating that ambient particles are not spherical, and in be-

] o ) ) tween those observed in the laboratory for pure ammonium

Particle beam focusing in aerodynamic lenses is knownyjtrate and ammonium sulfate, indicating that ambient non-
to be a function not only of shape, but also of particle Siz€gsphericity falls in between that of those two types of pure
(Zhang et al., 2004; Huffman et al., 2005). In order to ex- particles. Figure 5 also reveals a size dependence of the
plore the focusing of the ambient particle beam as a functiong\yp signal attenuation that is qualitatively similar for parti-
of particle size, panels (a) and (b) in Fig. 5 show the size dis|eg with a vacuum aerodynamic diametér,{ (DeCarlo et
tribution for particulate nitrate and organics at the CENICA al., 2004) below 350 nm for all species in the laboratory and
site, compared with the size distribution measured when thgpe field. Smaller ambient particles are not as well focused as
BWP was blocking the center of the particle beam. Panel (Ckpnerical particles of the same size. This leads to a somewhat
in Fig. 5 shows th_e_ signal attenuation when the _BWP WaSreducedE; at small particle sizesi(, <~120 nm), which is
on the center position as a function of particle size for ni- of minor importance in terms of the total particle mass since
trate, organics and sulfate. The plot for ammonium is not, very small fraction of the mass is typically found at those
included because of the reasons explained above. Howevegy | sizes.
the attenuation profile for ammonium is very similar to the
profiles for nitrate and sulfate. For the non-center wire posi-
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Fig. 6. Time series of the signal attenuation caused by the BWPfrequ_enc_y nQise. The at'Fenuation .Of the signal flugtuates in
at the center position, ambient RH and mass fraction of particles['me' |nd|cat|.ng changes in the.partlc!e begm f‘?C“,S'”Q which
With dyq <200 nm, measured at CENICA during MCMA-2003. On might be attributed to changes in particle size distribution and
the right side of both panelss; is shown as a function of signal  the degree of nonsphericity. Only few days of the campaign
attenuation, calculated using Huffman et al. (2005) model for theare shown because the purpose of the figure is only to illus-
dimensions of the instrument and BWP used during this campaigrtrate the range of variation of this measurement. The figure
(long chamber and a wire of 0.41 mm). also illustrates the relation between the attenuation caused

by a 0.41 mm wire andz; from the model of Huffman et

al. (2005).

Zhang et al. (2004) estimated that spherical particles |n order to explore the relationship between particle shape
would suffer from incomplete collection below60 nm.  and size and the BWP signal attenuation (i.e. with particle
Figure 5 suggests that the effect becomes important bebeam width), the relative humidity (RH) and the mass frac-
low ~120nm due to the additional effects of nonspheric- tion of particles withd,, <200 nm are also shown in Fig. 6.
ity. This is consistent with the observation by Salcedo etRH is expected to correlate with particle shape because hy-
al. (2006) that the ultrafine particle mode is dominated bygroscopic particles are likely liquid at higher RH leading to
non-spherical combustion particles in Mexico City. Becausemore spherical shapes (Allan et al., 2006a). Figure 6 shows
the combustion-related organics are likely internally mixed that some of the variability in the signal attenuation appears
with soot, these particles are often nonspherical and shoulgo correlate with RH and some with the mass fraction of the
form a wider beam, showing a lower attenuation. The atten-smaller particles. However, these correlations do not always
uation of smaller particles is likely to be further reduced by hold. Other parameters that may be correlated with parti-
the slight dependence of the particle focusing center on parele sphericity or nonsphericity include mass fractions of oxy-
ticle size, as discussed above. Thus, the particle beam widthgenated organic aerosol (OOA, which might be an indication
and E; deduced from these data should be considered uppesf particle aging (Zhang et al., 2005a; Zhang et al., 2005c)),
and lower limits, respectively. Particles in the accumulationplack carbon, sulfate, and hydrocarbon-like organic com-
mode (300-800 nm) show much larger attenuation, indicatpounds (HOA, mostly primary combustion aerosol (Zhang
ing that they are better focused than the smaller particles. Thet al., 2005c)). Table 1 shows correlation coefficients cal-
similar attenuation of all species in the accumulation mode isculated for BWP attenuation vs. these parameters. None of
again suggestive of internal mixing for this mode. However, these parameters explains more than 6.4% of the variance in
for the smaller size range<@00 nm), the attenuation is dif- the BWP signal attenuation. Similarly as for RH and smaller
ferent for the organics, sulfate and nitrate, which suggestgarticle mass fraction, the correlation or anti-correlation be-
that the organic and inorganic species in the smaller particleswveen those parameters and signal attenuation is not always
are at least partially externally mixed, again consistent withclear from their time series. These results indicate that mul-
previous observations (Salcedo et al., 2006). tiple parameters may affect the measured signal attenuation

Figure 6 presents time series of the attenuation of the to{and thus particle beam width) in a complex way. In order
tal signal at the CENICA site, caused by the BWP at theto better understand this issue, detailed laboratory work with
position that blocks the center of the particle beam. The datgarticles of known sizes, composition and shapes (e.g. com-
have been smoothed over time 5 point2 () to reduce high-  bined with off-line electron microscopy measurements) as
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