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Abstract. Remote sensing of cloud condensation nuclei Central Mexico’s urban and industrial pollution air masses,
(CCN) would help evaluate the indirect effects of tropo- for unclear reasons. The Angstrom exponent of absorption
spheric aerosols on clouds and climate. To assess its feasibilncreased with OMF, more rapidly under higher single scat-
ity, we examined relationships of submicron aerosol compo-ering albedo, as expected for the interplay between soot and
sition to CCN activity and optical properties observed during colored weak absorbers (some organic species and dust). Be-
the MILAGRO/INTEX-B aircraft campaigns. An indicator cause remote sensing products currently use the wavelength
of CCN activity,«, was calculated from hygroscopicity mea- dependence of extinction albeit in the column integral form
sured under saturatior.for dry 100 nm particles decreased and may potentially include that of absorption, these regional
with increasing organic fraction of non-refractory mass of spectral dependencies are expected to facilitate retrievals of
submicron particles (OMF) as 0.34-0>20MF over Cen-  aerosol bulk chemical composition and CCN activity over
tral Mexico and 0.47-0.430MF over the US West Coast. Central Mexico.

These fits represent the critical dry diameter, centered near
100 nm for 0.2% supersaturation but variea &s/2 , within
measurement uncertainty20%). The decreasing trends of 1 |ntroduction

CCN activity with the organic content, evident also in our

direct CCN counts, were consistent with previous groundClouds act on the Earth’s energy balance by reflecting in-
and laboratory observations of highly organic particles. Thecoming visible radiation and trapping the outgoing thermal
wider range of OMF, 0-0.8, for our research areas meansinfrared. It is well established that the aerosols that serve
that aerosol composition will be more critical for estima- as cloud condensation nuclei (CCN) affect cloud properties
tion of CCN concentration than at the fixed sites previouslysuch as reflectivity, coverage, precipitation efficiency and
studied. Furthermore, the wavelength dependence of extindifetime (Twomey, 1974; Albrecht, 1989). To assess these
tion was anti-correlated with OMF as0.70<OMF+2.0 for  so-called aerosol indirect effects, more complete knowledge
of the CCN in the atmosphere for common cloud fields is
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60 —= _ . — I 2 Experiments and instruments
% Central Mexico 21 Experiments
ol US West Coast || L B
i The Megacities Impact on Regional and Global Environment
(MIRAGE) Experiment took place in March 2006 as a part of
2 40¢ the Megacity Initiative: Local and Global Research Observa-
2 tions (MILAGRO) Campaign (Molina et al., 2009; DeCarlo
E 30t et al., 2008). The National Center for Atmospheric Research
C130 aircraft was employed to sample the aerosols and gases
above Central Mexico (Fig. 1). Most measurements were
20F b made between 3-5 km GPS altitude in local afternoon.
: During the second part (17 April-15 May) of the Intercon-
10— . . . A tinental Chemical Transport Experiment — Phase B (INTEX-
160 -140 -120 -100 -80 -60 B) (Singh et al., 2009), the C130 flew over the US West

Coast (Fig. 1) with the same instruments as those employed
during MILAGRO. Atmospheric constituents arising from
anthropogenic and biogenic emissions from the local areas
(e.g. Seattle, Central Valley of California) and long-range
transport from Asia were sampled. Most measurements were

Ambient measurements of CCN in this context are spars%rgf‘::()gelow 6km GPS altitude in local late morning and af-

(Wang et al., 2008; Sorooshian et al., 2008; Kuwata et al.,
2Q08; Bouglatlo_tl, et aI.,_ZOOQ; Rose et al., 2008b). T_helr reI-2.2 Instrumentation
atively short residence time in the troposphere, ranging from

days to weeks, makes their concentration too variable oven

i d 100 inh o0 ad telv ch erosols were collected and conveyed under near-ambient
Imeé and oo INhomogeneous over space 1o adequately ¢ af)'ressure to most of the aerosol instrumentation aboard the
acterize from aircraft, ship or ground. In this regard, satel-

i . . ; C130 aircraft through the University of Hawaii solid dif-
lites, with their exten;we and frequent coverage, would befuser inlet. This inlet and sample plumbing has recently
2 prefe;rggggagervaté%%g latform (Garland et al., 2008; An'been shown to transmit dust and sea-salt particles with dry
reBae, ’ mnei h )'. | ition infl cC erodynamic diameter of 5.0m with a better than 50% ef-
Ecause aerosol chemical composition Influences iciency during the DC-8 Inlet/Instrument Characterization
activation it can impact the satellite remote sensing of CCNExperiment over and near California (McNaughton et al

gonc(:fntra?on. ?rcl:corq"?g to thdg Kohtler e?uatlon tlhir?”tt'cal 2007). The submicron accumulation-mode particles that usu-
fy diameter — the minimum diameter ol aerosals tha Canally dominate CCN are sampled with nearly 100% efficiency.
serve as CCN - is determined by the solubility and surfac

i : . ) owever, for a few exceptional cases with heavy dust or
tension of the patrticles, at a given supersaturation and tem-

t Th hemical tion-d dent sea-salt concentrations encountered during the experiments,
perature. ese chemical-composition-deépendent paramqpe a3 are more uncertain than for the rest of the periods

ters are poorly constrained for most aerosol components, par(i.e. the scattering coefficient may be underestimated and its
ticularly for the various typ_es of organic compounds (Shul- wavelength dependence overestimated).
g:;me;na:jl.;ar%g?gnl(:j?scczhcl)glz?tKE:Halk? dgoglj 22?8320855 IHaZr?gi An optical particle counter (OPC, a modified LAS-X, Par-
al 2006 Ervens et ail 200'7_ Stroud et al "2007_ ,Cubiso {icle Measurement Systems, Boulder, Colorado) measured

v ’ A L ' he dry (RH controlled under 30% with a dilution flow)
et al., 2008). Thus, even if the size distribution of aerosolsaerosol size distribution between 100nm and abouyira0

were accurately retrieved and mixing state well underStOOd(Clarke, 1991). Its He-Ne laser operates at 633 nm detect-

the _uncertalnty in the thres_hold diameter would hamper estl-ing light scattered by individual particles over 35-145 de-
mation of CCN concentration.

In this paper we approximate relationships betweengrees' The patrticle size was calibrated with polystyrene latex

. I o spheres with a refractive index of 1.59. For calibrating for
aerosol chemical composition and CCN activity over the . L
. . the coarse mode, glass beads with a refractive index of 1.54
Central Mexico and the United States (US) West Coast . S :
-were also used. A size distribution was obtained every 3s,

fer the aerosol bulk chemical composition over Central Mex-rbUt 'av.eraged over 305s to reduce noise due to low counting
statistics at about im and larger.

ico (Sect. 4). We use aerosol size distribution, chemical com- Th ber of | particl d with the OPC

position, hygroscopicity, CCN number and optical propertiesCan sengir;ereern(t) ff:)enrqoiﬁe pr?L:nlfbeeSr rgfegzlrjtzglegv:argere than
in situ f ircraf h i . 2). . T :

measured in situ from aircraft over the two regions (Sect. 2) 100 nm because of imprecise sizing at the first OPC channel.

Longitude

Fig. 1. Flight tracks of the C130 aircraft around Central Mexico
(green) and the US West Coast (blue).
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The difference was estimated to be random and typicallyis the scattering, and, the wavelength) mostly take val-
within 25% of the OPC number concentration, through ues between 0 and 2.5, and agree within 0.2 between the
comparison with the difference of two independent numbernephelometer and OPC. The calculated correction factor,
counts, total condensation nuclei (CN10nm nominal de-  op_180/07—170, lies between 1.0-1.1 for the Angstrom ex-
tection size) and the DMA integral (10-100 nm, see below).ponent of 2, indicating that the angular truncation requires a
No systematic bias with the presence of a specific aerosainor (0—10%) adjustment for fine particles. The correction
component was evident. factor for coarse particles at the Angstrom exponent of 0 is
Smaller particles with mobility diameters between 10 to larger: 1.7 for dust over Mexico and 1.3 for sea salt over the
250nm were measured with a Radial Differential Mobil- northeastern Pacific Ocean, both at 550 nm. A 5-10% vari-
ity Analyzer (DMA) under dry conditions. DMA samples ability is associated with the angular truncation correction
were collected over 20s and held in a lagged aerosol gralfactors for the entire observed range of Angstrom exponent.
chamber (Clarke et al., 1998) for subsequent DMA analy-This variability is much larger than the error arising from gas
sis. The measured mobility distribution was inverted to ancalibration (~1%; Anderson et al., 1996) and manifests it-
aerosol size distribution by taking into account the samplingself as a dominant part of the random error in the corrected
line losses, bipolar charging probabilities, calibrated DMA dry scattering coefficient. The truncation correction factor is
transfer functions regarding DMA diffusion broadening and more uncertain for soot due to the distinctively different, and
losses, and particle counting efficiencies (Zhou, 2001; Zhoyoorly known, refractive index. Column integral aerosol op-
etal., 2002). Physical morphologies other than sphere, whichical depth derived from the corrected scattering coefficient
are common for freshly emitted combustion particles such asgreed well with independent observations (Rogers et al.,
in fresh biomass burning plumes, can affect the DMA sizing 2009).
(DeCarlo et al., 2004) but this effect was not considered. A prototype 3-wavelength Radiance Research particle
Both DMA and OPC measurements allowed for real- soot absorption photometer (PSAP) continuously measured
time thermal analysis of particles at select temperatures t@erosol light absorption by monitoring the change in trans-
infer the size resolved chemical composition continuouslymittance across a filter using an alternating 3-wavelength
throughout the aircraft campaigns. One of the analyses (470, 530 and 660 nm) LED. This filter-based measurement
this paper shows data collected for particles heated tdG00 of absorption includes artifact response due to particulate
and all other data are for unheated particles. The residencight scattering (Bond et al., 1999). This is a function of
time in the heated section is a critical parameter for ther-the ratio of the scattering coefficient to the extinction co-
mal denuder analyses (An et al., 2007; Huffman et al., 2008gfficient (i.e. single scattering albedo, SSA) and the wave-
Faulhaber et al., 2009). The plug flow residence time (PFRT)ength. We correct our data for the scattering artifact as well
in the sections of nearly constant temperature for th 300 as calibration error after Virkkula et al. (2005). This correc-
channel was about one second. tion is larger than the classic correction scheme widely used
Total and submicrometer aerosol scattering coefficientdor a single-wavelength (at 530 nm) prototype of the PSAP
were measured at 450, 550 and 700nm using two TSKBond et al., 1999). We are unaware of the reason why the
model 3563 integrating nephelometers (Anderson et al.fwo correction schemes at an identical wavelength can dif-
1996, 2003; Heintzenberg and Charlson, 1996). The meafer by about 20% of the uncorrected absorption (see related
surements were made every second, but averaged over 3@lscussions by Cappa et al., 2008). Because the absorption
for the present study. The relative humidity in the instru- rarely exceeded 10% of the extinction, the absolute error in
ment was not actively controlled but kept t630%, often  SSA is expected to be typically0.02. The average instru-
near 20%, by ram heating and cabin temperatures highement noise computed as the average standard deviation for
than the ambient. The light scattering measured over thesix, 300 s (5 min) averages of the 1 Hz data taken in our labo-
TSI nephelometer’s detection angles of 7-1¥@ere cor-  ratory for filtered air is 0.56 Mm! for all wavelengths (Mc-
rected to 0—180 based upon correction factors calculated Naughton et al., 2009).
from the OPC size distribution using Mie theory with the cal- The CCN concentration was measured with a continuous-
ibration particle refractive index as an approximation. Beforeflow (0.5 L/min) streamwise thermal-gradient CCN counter
this calculation, we confirmed that these two optical instru- manufactured by Droplet Measurement Technologies (Boul-
ments operated consistently with each other: The scatteringer, CO) (Roberts and Nenes, 2005; Lance et al., 2006).
over 7-170 derived from the OPC size distributions (30s Sampled particles were exposed to a supersaturation estab-
average) over the study region agrees with the uncorrectetished by a constant temperature gradient in the stream-wise
nephelometer scattering within about 10%, with the coeffi-direction along the vertical CCN column. Activated parti-
cient of determinationk?) being 0.83-0.89 for the 3 wave- cles were detected by an optical particle counter at the exit of
lengths, as illustrated in the online supplementary materiathe column. The supersaturation was between &089%,
(Fig. S1 and Table Sihttp://www.atmos-chem-phys.net/9/ which corresponds to the lower end of the peak supersatura-
6727/2009/acp-9-6727-2009-supplemenipdthe derived  tion in convective clouds (Pruppacher and Klett, 1980; Hud-
scattering Angstrom exponents-Alogo/Alogi, whereo son and Svensson, 1995; Hoppel et al., 1996). A constant
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pressure controller was not deployed for this experiment;in the conditioning section was usually found to be within 1%
hence, only data from straight and level legs with constantof the expected value (1.00), which provides an indication of
ambient pressure are used for the analysis of the CCN datdhe measurement accuracy.
The instrument supersaturation has been calibrated over the
full range of pressures experienced during the campaigns. 2.3 Data processing

An Aerodyne high-resolution time-of-flight aerosol mass o o
spectrometer (HR-ToF-AMS, hereinafter “AMS”) operated When combining data from multiple instruments throughout

by the University of Colorado measured the mass concentral!iS Paper, we excluded cases where the particle light scat-

tion of submicron non-refractory aerosol species. In this pa{€/ing varied widely — the standard deviation exceeding half

per “non-refractory” is empirically defined as those species®f the mean — within each 30-s averaging time period. This
that evaporate in a few seconds under high vacuum &G00 reduces the influence of a change in aerosol properties in-

and includes essentially all of the organic species and modfeduced by temporal mismatch among the instruments, for

sulfates and nitrates, including their ammonium salts. Thef*@mple, the 10-s gap between a 20-s DMA sampling and a

AMS (DeCarlo et al., 2006) and the data that can be obtaine0-S OPC cycle.
from it (Canagaratna et al., 2007; Aiken et al., 2008) have

been des_cribed pr_eviously in _the literature. Briefly, the_sam-3 Observed CCN critical dry diameter and its
pled particles are introduced in a vacuum chamber using an  rg|ationship with bulk aerosol chemical composition
aerodynamic lens, and within 10 ms are vaporized at a resis-
tively heated surface (60). The resulting gas phase plume A common method of deriving CCN concentration is to in-
undergoes electron ionization (70 eV), and is mass-analyzegegrate dry particle number size distribution from the critical
using a high-resolution time-of-flight mass spectrometer (H-dry diameter,D;. We estimateD, independently from two
TOF, Tofwerk, Thun, Switzerland). The resulting mass spec-measurements, CCN counts (Sect. 3.1) and hygroscopicity
tra are used to quantify the species mass concentrations ugsect. 3.2), before evaluating the results against bulk aerosol
ing previously documented calibration and analysis methodghemical composition (Sect. 3.3).
(Jimenez et al., 2003; Allan et al., 2004; DeCarlo et al.,
2006). For mass fractions of bulk aerosol composition the3.1 Estimating D, from CCN counts
errors are generally about 10% except for very low aerosol
concentrations. The AMS also recorded size distributions ofHere D, is estimated by seeking consistency between the
the species, but this type of data is not used in the present pgimultaneous measurements of the total CCN concentration
per. The AMS sampled through a separate inlet which haddnd the dry aerosol size distribution. To illustrate this ap-
high transmission for submicron particles as characterized®roach, Fig. 2a compares the CCN concentration at 0.15-
by Dunlea et al. (2008). More detailed discussion of AMS 0.20% supersaturation and the OPC number integrated from
results during these campaigns are presented by DeCarlo 400 nm, both measured on the C130 aircraft over Central
al. (2008), Dunlea et al. (2008), Aiken et al. (2007, 2008, Mexico and averaged over 30s. Tl is estimated to be
2009), Van Donkelaar et al. (2008), and Heald et al. (2008). 100nm for the data points exactly on the 1:1 line where
Size-resolved particle hygroscopicity was measured withthe number integral from 100 nm agrees with the CCN con-
the tandem differential mobility analyzer (TDMA) of Texas centration. This approximation assumes the diameter cut is
A&M University (Gasparini et al., 2004; Tomlinson et al., sharp such that all particles above it, and none below, are ac-
2007). Sequential measurements were made to characterif¥vated, as if particles were homogeneously mixed. The data
the growth of selected particles with dry (RH of £2.9%  points above the 1:1 line represent cases wiith>100 nm
during MILAGRO and 2.32.2% during INTEX-B) diame-  (some particles larger than 100nm were not activated as
ters including 50, 100, 200 and 300 nm. The voltage appliedCCN) and those below the liné); <100 nm. Similar exer-
in the first DMA was fixed in order to select a monodisperseCiseS were made for threshold diameters other than 100 nm.

aerosol. This aerosol was then exposed to an elevated RH dfor threshold diameters smaller than 100 nm the DMA dis-
about 84% (84.22.3% during MILAGRO and 84£3.4% tribution was combined with the OPC. It should be noted that
during INTEX-B). Subsequent to this conditioning, the ini- Da is overestimated if there is a significant fraction of nonhy-
tially monodisperse aerosol was introduced into the second@roscopic particles above the diameter. A better way to know
DMA downstream, which scanned through the particle sizes Da is by varying the dry particle size transmitted to the CCN
The measured size distribution is described in terms of thecounter and simultaneously monitoring the total number of
relative change in diameter of the particles, i.e. their growthparticles (both activated and unactivated) to get an activation
factor. For a given aerosol distribution, several growth fac-curve, though this is difficult to carry out on a fast-moving
tor modes may be observed when multiple particle types arélatform with our available instrumentation. Meanwhile, as
present. Any scan in which the relative humidity deviated by aircraft survey large regions, they encounter a diverse mix of
more than 4% below or 6% above 84% RH was discarded@erosol characteristics. Our intent is to capture approximated
The “growth” factor for dry particles exposed to the dry RH features to characterize dominant tendencies.
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Fig. 2. (a) Comparison of the OPC number integral and the CCN concentration measured over Central Mexico and averaged over 30s.
The OPC number is the integral of size distribution between 100 nm apdh20rhe CCN concentration shown here was measured under
supersaturation of 0.15-0.20%. Marker color indicates the AMS organic fraction of submicron non-refractory aerosol mass, and is grey
where no AMS data are availabl@) A histogram of the critical dry diameter derived from the CCN measurem@)tShe hygroscopicity
parametery, derived from the CCN counter measurements compared to the AMS organic mass fraction. The size of square markers is made
proportional to the CCN concentration. The grey vertical lines indicate estimated measurement uncertainty. The dots represent the geometric
mean and standard deviation within 0.2 organic mass fraction f@h&ame as (c) but for the US West Coast.

The value ofD, estimated this way was adjusted to a fixed This translates into a precision in critical diameterdf2%,
0.20% supersaturation using Kohler theory which describedbased on the-3/2 linear relationship mentioned above. The
a linear relationship with a slope ef3/2 between the critical combined sizing error, on the other hand, is about 25% in
diameter and supersaturation both on logarithmic scales. Faierms of particle number (Sect. 2.2), equivalent to an error in
example, theD,; estimated from a measurement at 0.15% su-D,; up to 20% depending on the shape of size distribution.
persaturation was decreased by 17%, reflecting the fact thakhe variability in the aerosol number during the course of
aerosols of identical chemical properties would activate ateach 30 s measurement time period is similar or smaller. The
this smaller diameter if brought to 0.20% supersaturation.CN counts indicate that it is 20% in number, which corre-
Note this technique can only be applied for a small changesponds to a-15% change irD,;. Because these uncertainties
in supersaturation. At higher supersaturations smaller partishould be random and independent of each other, the overall
cles will activate, and these particles may have a substantiallprecision in the derived, is the square root of sum of the
different chemical composition and mixing state. squares of them, which is 25-30%.

A lognormal fit to the frequency distribution of these ad-  This estimated measurement uncertaintypipis smaller
justedD, values peaks at 102 nm, with a geometric standardhan its apparent variatiom40%). This indicates that the
deviation (sigma) of 1.4 (Fig. 2b). This apparent variation in natural variability in the critical diameter is about 30%,
D, is partially attributable to measurements uncertainties inbecause the observed variability should be the addition in
supersaturation and sizing. The supersaturation of the CCNjuadrature of the actual variability and the random error.
counter can be inaccurate by up to 20% (Rose et al., 2008a)his implies that, any fixed value assumed for CCN critical

www.atmos-chem-phys.net/9/6727/2009/ Atmos. Chem. Phys., 9, 6722-2009



6732 Y. Shinozuka et al.: Airborne observations of aerosol optical properties, CCN activity and organic mass

agis Central Mexico 10 b g 18 AC‘entral Mex::o 10
: 3 ngstrom > 1.3
h T
o ©
o Q
>16 8 >1.6} 8
2 =) = a
£ 2 E Ef
S 1.4 6 32 S1.4 s 3
& el e el
8 g 2 3
2 N o 8
= o ] i
g 12 4 g £12 4 g
8 5 8 5
= B 2
8 1 2 £ 1 2
< <
= =
3 ]
<08 - - 0 <08 . o
0.5 1 15 2 0 0.2 0.4 0.6 0.8 1
Extinction Angstrom Exponent Organic Mass Fraction
C i Ceptral Mexico . 70 d i ] US West Coast ‘ 70
e 100 nm
0.9¢ 173 0 0.9F 73
w w
0.8+ | 175 & 0.8 175 &
o o
0.7§ 179 % 075+ 179 %
0.6 183 £ o6f 183 E
« 0.5t 188 &  w«o05p 188 &
5 §
0.4F 195 a 0.4-. 195 a
> >
0.3F 1108 § 0.3F |« 1105 5§
0.2 4120 8 0.2} 120 8
= =
0.1} 1151 © 0.1} 1151 ©
0 : ; e Inf o : : ; ; inf
0 0.2 0.4 06 0.8 " 0 0.2 0.4 0.6 08 Il
Organic Mass Fraction Organic Mass Fraction

Fig. 3. (a) Growth factor measured with the tandem differential mobility analyzer aboard the C130 aircraft over Central Mexico for the
particles with a dry diameter of 100 nm, plotted against the extinction Angstrom exponent. The higher relative humidity wa84e4.to

The red and blue colors indicate relatively high and low number fractions, respectively, of the selected dry particles that exhibited the particle
hygroscopicity. The marker size is set proportional to the dry extinction coefficient at 53Q)nThe growth factor for the data with
Angstrom exponent greater than 1.3 only, plotted against the AMS organic mass fré}tibine hygroscopicity parametar, derived from

the TDMA measurements with a dry selected diameter of 100 nm plotted against the AMS organic mass fraction, for all data regardless of
Angstrom exponent. The size of square markers is made proportional to the OPC number integral, a proxy for CCN concentration. The
grey vertical lines indicate estimated measurement uncertainty. The large dots and associated bars represent the mean and standard deviati
within 0.2 organic mass fraction bins. The small black dots on the vertical axes indicate values tabulated by Petters and Kreidenweis (2007).
(d) Same as (c) but for the US West Coast.

dry diameter over the wide geographical region without con-3.2 Estimating D; from hygroscopicity

sideration of the chemical composition is associated with a

typical error of no less than about 30%. This conclusion The critical diameterD, can also be estimated from the
from our data over Central Mexico appears to apply to thoseParticle hygroscopicity measured below saturation with the
over the US West Coast as well, though the smaller num-TDMA, as a result of its relationship with the CCN activity
ber of data points makes us somewhat less confident. Thabove saturation, though slightly soluble compounds and sur-
largest 90% ofD, derived for the US West Coast forms a face active species may behave differently between the two
lognormal distribution centered near 100 nm with a geomet-humidity domains. The measured mobility diameter growth
ric standard deviation near 1.4. The rest forms a prolongedn response to water uptake, i.e. the humidified diameter di-
tail over small diameters (15-40 nm), a feature not evident invided by the dry one, is plotted over the vertical axis of
the Central Mexico data (Fig. 2b), which further discouragesFig. 3aand b. The concentration density is indicated by color.
the use of a single fixed value of critical dry diameter. For (The horizontal axis will be discussed in Sects. 3.3 and 4.2.)
both regions, more constraints @y are desirable, and are The growth factor is seen to typically range from 1 (low hy-

pursued in Sect. 3.3 by evaluating it against the organic masgroscopicity) to 1.6 (high). An inhomogeneous mix of par-
fraction (Fig. 2c and d). ticles can result in more than one peak on the growth factor

distribution.
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To derive D, for each TDMA distribution, the following 3.3 The relationship of D; with organic mass fraction
equation from Petters and Kreidenweis (2007): of submicron aerosols
$(D) D3-D3 exp[ M, ] ) According to Kohler theory,D; depends on the aerosol
DS_Dg(l_K) RTpyD chemical composition at a given supersaturation. Here we
o ) evaluate the strength of this relationship in our data. As
was solved fok, the hygroscopicity paramete.is the sat- 5 proxy for bulk aerosol chemical composition we use the
uration ratio over an agueous solution droplet (0.8%pnd  OMF obtained from the C130 AMS measurements of non-
Dy, the humidified and dry diameters, respectivelyhe sur-  yefractory components of submicron aerosols, the size most
face tension at an air/pure water interface (0.0723)mM.  relevant to CCN activation. Although refractory components
the molecular weight of pure water (18gmd), R the gas  are not measured by the AMS, black carbon and dust com-
constant (8.3 JK* mol™), 7 the temperaturex298K), and  prised only a small mass fraction of the submicron range
pw the density of water{1gcnt?). Note that we ignore i and around Mexico City (Aiken et al., 2009; Subrama-
the effect of organics on the surface tension on purpose sgjan et al., 2009) so that the OMF calculated here is still ap-

that all chemical effects are lumped into In other words,  proximately representative of the true OMF of the submicron
the x values derived this way have to be regarded as “effecyygge.

tive hygroscopicity parameters” that account not only for the  the particle growth factor tends to be high under low
reduction of water activity of the solute (“effective Raoult omF (Fig. 3b), consistent with trends reported by Quinn et

parameters”) but also for surface tension effects (Petters ang (2005) and the fact that the main non-organic components
Kreidenweis, 2007; Rose et al., 2008tisehl et al., 2009;  of the submicron mode are inorganic salts (DeCarlo et al.,

Gunthe et al., 2009). The hygroscopicity parameter is linkedyog). Somewhat less clearly, the marker color of Fig. 2a in-

to Dg by: dicates that the CCN concentration tends to exceed the OPC
a3 integral number under low OMF (high sulfate, nitrate and
K‘zmgln?sr ammonium) over Central Mexico, especially for CCN con-

2) centration larger than’500 cnm 3. This observation suggests
that organic particles were less effectively activated than sul-

) ) ) . N _fate and nitrate particles near 100 nm in general.
wheres, is the saturation ratio for which the critical dry di-  The derived critical dry diameter is a more direct and

ameter is derived. Substituting the applicable numbers intqxgyvenient parameter than the number concentration and
these two equations (with no experimental results involved) ihe growth factor for the purpose of examining the CCN
the relationship between and D; under 0.2% supersatura- activity of particles. Squares in Fig. 3c illustrate the re-
tion for our conditions is lationship betweenD,; deduced from the TDMA data for
D=1 .70 nm 3) the dr_y diar_net.ers_ of 100 nm gnd OMF, with the grey ver-
tical lines indicating the estimated measurement errors.

For very hygroscopic aerosol similar to ammonium sulfate Petters and Kreidenweis’s (2007) hygroscopicity parame-
and sodium chloride the hygroscopicity parametés near  ter, «, estimated from the same TDMA measurements is
1 (D;~70nm) and for low hygroscopicity typical of many also shown in the left vertical axis to facilitate adjust-
organicsk is near 0.1 P;~151nm). The precision in the ment of D, to different supersaturations (see Sect. 3.2 for
estimated diameter was determined to29% based onthe the definition of«). Scatter plots for the other TDMA
random uncertainty in the TDMA relative humidity (assumed dry diameters (50, 200 and 300nm) are given online
to be 3 percentage points) and the random sizing error (2%4Figs. S2 and S3http://www.atmos-chem-phys.net/9/6727/
of the nominal size). 2009/acp-9-6727-2009-supplement)pdf

The estimated geometric mean critical dry diameters for To quantify the dependencyx averaged over each
CCN activation are 109, 121, 117 and 110 nm when using a$.2 OMF bin are superimposed as circles in Fig. 3c for Cen-
input the measurements with dry diameters of 50, 100, 20dral Mexico and Fig. 3d for the US West Coast for dry 100 nm
and 300 nm, respectively, with a geometric standard deviaparticles, and shown in Fig. 4 for all TDMA sizes to facili-
tion (sigma) of 1.1-1.2. The same analysis applied to thetate comparisons. The OM#Erelationship approximated by
data taken over the US West Coast results in the geometriinear regression through the bin average is also depicted in
mean diameter of 110, 106, 90 and 96 nm for the 4 dry diam-these figures, and parameterized in Table 1. Valuasref
eters, respectively, with a standard deviation of 1.1-1.2. Theported previously for various ionic and organic species and
critical diameter varies with aerosol chemical composition, tabulated by Petters and Kreidenweis (2007) are represented
as discussed below. by black dots.
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Fig. 4. The mean and standard deviation within 0.2 organic mass fraction bins of the hygroscopicity parandetéred from the TDMA

and CCN counter measurements plotted against the AMS organic mass fraction for Central(sexickbthe US West Coalt). See Table 1

for expression of the fit lines. The dashed and dotted curves represent the AMS measurements (integral and size-resolved, respectively) an
particle hygroscopicity in Amazon (Gunthe et al., 2009).

Table 1. Fit to the aerosol hygroscopicity/chemical composition compared to Central Mexico's air predominantly influenced

relationship. by local combustion processes. In fact, the hygroscopicity
tends to be higher for samples from California than those

Dy (nm) . RMS from the State of Washington for OMF greater than 0.6, in-

dicating a wide variety of organic particles present over the

Central Mexico West Coast. We do not know why the dry 50 nm particles

50 0.47-0.3&OMF  0.073
100 0.34-0.286OMF  0.060
200 0.44-0.35%OMF  0.070
300 0.42-0.2830OMF  0.094

are less hygroscopic over the US West Coast than over Cen-
tral Mexico, for OMF=0.4-0.8. The organics sampled in
Asian plumes over the West Coast were essentially all aged

US West Coast and oxygenated (OOA-1) (Dunlea et al., 2008; Ulbrich et
50 0.46-0 4% OMF  0.096 al., 2009), whereas the organics over Central Mexico were
100 0.47-0.430OMF  0.096 mostly a combination of fresher and aged oxygenated (OOA-
200 N/A N/A 2 and OOA-1) (Aiken et al., 2008; DeCarlo et al., 2008).
300 0.51-0.290OMF  0.135 More oxygenated organics are thought to be more hygro-

scopic. It is possible that the apparent discrepancy in the
Dy is the dry diameters selected with the TDMA, OMF is hygroscopic growth for the 50 nm particles between the two
the organic mass fraction of non-refractory component of sub-regions is due to some potassium in the biomass burning par-
micron aerosols,x is the hygroscopicity parameter, RMS is ticles in Mexico, which is excluded from the calculation of
the root mean square of the differences dnbetween the fit  OME. For high OMF cases affected by biomass burning, the

;’?‘“d the (;”d_ir"iglua'sgath% //See Fitgs- 3Cr’] d a’r‘]d 4 fs{;/ég‘;‘;itOMF could be overestimated and the data points for Central
ines, and Table : http://lwww.atmos-chem-phys.ne : : : -

2009/acp-9-6727-2009-supplement.pdiine for a similar analy- Mexrllco athigh OMF should move. tothe Ief.t in the figure.
sis on logg k. The dependence we observed is approximated as

" . . k=0.34—0.20x OMF for Central Mexico

The critical diameter generally increases, ardkcreases,
as the OMF increases, as expected from the lower solubils=0.47—0.43xOMF for the US West Coast (4)
ity of organic compounds relative to the inorganic. A closer
look at Fig. 4 reveals subtle variations in the OMRela-  for dry 100 nm particles (Table 1). These equations give
tionships with region and particle size. Compared with Cen-of 0.34 and 0.14 at OMF=0 and 1, respectively, for Central
tral Mexico, the US West Coast exhibits higher variation in Mexico, and« of 0.47 and 0.04 for the US West Coast. Our
the particle hygroscopicity with both size and chemical com-meank values may be systematically biased because of our
position. This perhaps reflects the more diverse sources ahexact assumption of homogeneous internal mixing as men-
particles (Central Valley pollution of urban and agricultural tioned before, but hardly because of instrument errors. As
mix, Asian fossil fuel and biomass combustion, and possi-noted in Sect. 2.2, the measurement error associated with the
bly ocean surface) sampled over and off the US West Coasthumber count is random and not biased by aerosol chemical
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composition. Measurement errors in the CCN concentratiorOMF (Sect. 2.2). That implies that the natural variability in

and TDMA growth factor too are likely random. critical dry diameter at a given OMF is much smaller than
For Amazon’s air masses sampled from a 39-m-tall tower~20%.
Gunthe et al. (2009) expressedas 0.Xm org+0.6Xm,inorg That means, as far as the aerosols sampled from our air-

where Xm org and Xm inorg @re organic and inorganic mass craft are concerned, the CCN activity of particles does not
fractions, or OMF and (1-OMF), respectively. Their more noticeably vary among the ionic species, organic species
precise expressions, representing two different methods obr mixing states (e.g. the possible intermittent presence of
selecting particle sizes, are shown in Fig. 4. This fit, de-externally-mixed nonhygroscopic particles). As detailed in
rived from their data taken mostly undg€p, org 0f 0.65-0.95,  DeCarlo et al. (2008), our aircraft sampled pollution particles
falls within the variability of our individual observations even of a wide age range, including fairly fresk:{ day old) ur-
over the range of low OMF values that they did not sampleban pollution, aged (1-5 days old) outflow and biomass burn-
(our expressions are based on observations over OMF=0.2irg particles. The mass ratio of sulfate to all non-refractory
0.8 for Central Mexico, 0—-0.8 for the US West Coast). This ionic species spanned widely (between 0.1 and 0.8 for the
is in spite of noticeable differences in chemical composition,time periods assessed in the present paper), owing to the
e.g. less nitrate and, presumably, dust over Amazon than overarious sulfate sources including volcanoes and petrochem-
Central Mexico. To be precise, we found thais less sen- ical/power plants compared to mainly urban sources of ni-
sitive to the OMF, starting from values near 0.3-0.5, rathertrate. Existence of numerous organic species of different ori-
than 0.6, at OMF=0. Our values extrapolated to OMF=1 gin has been revealed by the AMS. The mixing state, though
are similar to the values near 0.1 reported for Amazon (Gun-ot directly measured throughout the experiment, might also
the et al., 2009) and chamber-generated secondary organke highly variable. It is very useful that the OMF constrains
aerosols (King et al., 2007). The smaller variation in eur D, to such a small range of values for a collection of aerosols
with OMF is most notable with Central Mexico (at all dry of unknown detailed chemical properties and state of mixing.
particle sizes) and the US West Coast 300 nm patrticles. The results presented here may not apply at higher super-
The wider range of OMF, 0-0.8, for our research areassaturations with activation of smaller particles that are more
(particularly the US West Coast) means that aerosol compolikely to vary in concentration and composition.
sition will be more critical for estimation of CCN concen- Meanwhile, theD, derived from the CCN counter mea-
tration than at the fixed sites previously studied (Dusek etsurements shown in Fig. 2c and d is more variable than those
al., 2006; Gunthe et al., 2009). As a crude estimate of thebased on the TDMA measurement (Fig. 3c and d). As the
sensitivity of CCN concentration to aerosol chemical com-vertical black bars indicate, the apparent variabilityZip
position, the integral of our US West Coast size distributionsfor each bin average value exceeds half a logarithmic decade,
from D, is typically twice as large foD;=90 nm ¢~0.5) as  significantly larger than those for the TDMA-based measure-
that forD;=140 nm {~0.1). These critical diameters corre- ments. At a given OMF the CCN-counter-basedaries by
spond to OMF of 0 and 0.8, respectively, for the dry 100 nma factor of 3—4, which translates into a 50-60% variation
particles. The variation in the CCN concentration estimatedin D;. This is largely caused by pressure variations in the
in this manner for the US West Coast would not be as largeCCN column, in which a constant pressure controller was
as a factor of 2 but near 30%, if the OMF did not go below not installed during our experiments. The deriveg tends
0.6 (D4=120 nmk~0.2). to be small especially when the CCN concentration exceeds
The variability in D; apparent at any given OMF, 1000cnT3 over Central Mexico, as seen for 10 cases (or
once adjusted for the measurement error, provides an est6% of the data associated with concurrent measurements of
timate of uncertainty in bulk-composition-basddl; ob- AMS and size distributions) represented by relatively large
servations.  For the calculation of relative variability, squares in Fig. 2c. This happened when the OMF took mod-
fit lines for logiox instead of x were made against erate values between 0.3 and 0.6, not the low values for
OMF (see Figs. S4 and S5, Table S2 of the on-which D, is expected to be small. Even so, the average ap-
line supplement:http://www.atmos-chem-phys.net/9/6727/ pears to agree reasonably with the TDMA estimates (Fig. 4).
2009/acp-9-6727-2009-supplement)pdf Using the root In summary,D, for 0.2% supersaturation is near 100 nm
mean square of the differences in {gg between this new over Central Mexico and the US West Coast, and correlated
fit and the individual data, we represent the apparent relawith the OMF over 0.2-0.8 and 0-0.8 respectively. If the
tive variability in«x by (10RMSI09_1)x 100%. The variability  critical dry diameter at a given OMF value varies by much
is 25-50% depending on the dry particle diameteB%% less than 20%, as our TDMA measurements suggest, knowl-
for 100 nm particles), a range expected from the RMS ofedge of the OMF would certainly improve estimation of CCN
the linear fit (Table 1), Thig variability translates into an concentration.
8-14% variation inD,4. This degree of deviation from the
fit is smaller than the estimated measurement uncertainty of
~20% in D4 (Sect. 3.2), even without considering the likely
exaggeration due to the10% measurement uncertainty in

www.atmos-chem-phys.net/9/6727/2009/ Atmos. Chem. Phys., 9, 6722-2009


http://www.atmos-chem-phys.net/9/6727/2009/acp-9-6727-2009-supplement.pdf
http://www.atmos-chem-phys.net/9/6727/2009/acp-9-6727-2009-supplement.pdf

6736 Y. Shinozuka et al.: Airborne observations of aerosol optical properties, CCN activity and organic mass

) 5 .
a 2s o— C-l.entr_al Mexico ' b 55%10 Central Mexico ‘
A AL 4 c —OMF=02-04
s T £ OMF =0.4-086
- ». X1 » T g (=) — -
g | 8 2t OMF =0.6-0.8 ]
5 20 s o
& o =)
u k] o
£ el 215
o < _
- c
8 1.5 2 S
1= G, o [5)
< £ £ 1}
S 8 ai
7 s T
= E
3 & 0.5t
&
o
0. S | G
02 03 04 05.__06 07.-708 107
""" Organic Mass Fraction™ ™" Diameter (um)

Fig. 5. (a) The relationship between the organic mass fraction (OMF) and the nephelometer extinction Angstrom exponent observed over
Central Mexico and averaged over 30 s. Marker size is proportional to the dry extinction coefficient)n$30 nm. The linear regression

(thick black line) is made for the mean values (thick black circles) over 0.1 OMF bins for the Mexico pollution data excluding other types
of air mass (red circles, detailed in text). Also shown are the values of Angstrom exponent calculated from the OPC 30-second-average
size distribution for unheated total (thin squares) and submicron (thin triangles) pollution particles, averaged in each OMF bin. The vertical
bars indicate the one standard deviation variability. Normalized extinction size distribution averaged for three classes of OMF, 0.2-0.4,
0.4-0.6 and 0.6—0.8. The solid and dashed curves are for the unheated and heat€ttp&Qales, respectively.

4 Optical signatures of the organic mass fraction and  extinction Angstrom exponent and the SSA at 530 nm) but

hygroscopicity also by air mass location and relative humidity (not shown).
The most prominent outlier is the dust, characterized by the
4.1 Optical signatures of the organic mass fraction extinction Angstrom exponent smaller than 1.3 and SSA near

0.98. The coarse/submicron volume ratio derived from the
Remote-sensing-based estimates of bulk aerosol chem©PC size distribution (not shown) generally exceeds 20 for
cal composition, which would facilitate inference of CCN these samples. Another outlier group, the marine aerosols
activity as discussed in the previous section, requires wellsampled over Gulf of Mexico over 0—2 km above sea level
defined relationships between aerosol optical and chemicahlso had low extinction Angstrom exponent, indicative of
properties. Few examples of such relationships are knowncoarse sea salt particles. Sulfate mass presumably derived
Both ionic and organic compounds typically reside in the ac-from precursors of oceanic origin and possibly from the vol-
cumulation mode and have similar values of refractive index,canic and refinery sources nearby (DeCarlo et al., 2008)
resulting in similar light scattering efficiency and wavelength kept the organic fraction of submicron marine aerosols low
dependence between them. Over Central Mexico, howevel,<~0.4). Furthermore, the air masses sampled to the east
the wavelength dependences of light extinction and absorpef 94° W had high Angstrom exponents and generally high
tion can help differentiate aerosol components, as demon©OMF, as expected for biomass burning plumes that dom-

strated below. inated the observed aerosol concentrations when sampling
near and over the Yucatan peninsula (Yokelson et al., 2009).
4.1.1 Wavelength dependence of extinction Satellite algorithms are likely to identify these outliers by

their geographical location and wavelength dependence, as
Several remote-sensing instruments are capable of retriewvell as ancillary model or satellite information of surface
ing the Angstrom exponent of extinctior-Alogo/Aloga, wind speed, humidity, existence of elevated plumes and other
whereo is the extinction, and, the wavelength), albeit on a environmental parameters.
column integral basis (Remer et al., 2006; Kahn et al., 2005). After excluding these air mass types, our Central Mexico
If related to the Angstrom exponent, aerosol chemical prop-pollution data show a clear anti-correlation. A fit of the ex-
erties such as the organic mass fraction (OMF) may be estitinction Angstrom exponentdex:, to the median values in
mated from space-borne and ground-based optical measur&MF bins with a width of 0.1 is
ments. _ , Aext=—0.70x OMF+2.0 )

Our observations over Mexico reveal that the Angstrom

exponent of dry aerosol extinction has a linear relationshipThis linear regression, if extrapolated, reaches extinction
with the OMF (Fig. 5a). The outliers, circled in the fig- Angstrom exponent of 2.0 and 1.3 for completely ionic and
ure, were identified not only by the optical properties (the organic non-refractory aerosols, respectively.
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Fig. 6. Mass of(a) organic and(b) inorganic (sum of sulfate, nitrate and ammonium) materials of non-refractory submicron aerosols
measured over Central Mexico with the AMS and normalized by the 30-second-average excess carbon monoxide concentration, comparec
with the wavelength dependence of light extinction. Marker size is proportional to the dry extinction coefficient)sin$30 nm.

The equation above, in a reversed form nephelometer total scattering coefficient and averaged. Con-
(OMF=—(Aex—2.0)/0.70), predicts the organic mass centrations of both unheated and heated (to°@)(parti-
fraction for a known value of extinction Angstrom exponent. cles are enhanced aboveuB, particularly for the high-
The root mean square (RMS) of the difference betweenest OMF bin. Consistently, the calculated Angstrom ex-
the observed and fitted OMF values, a measure of the preponent (thin squares in Fig. 5a) matches the nephelometer-
dictability, is 0.3. In terms of the sulfate mass fraction (SMF) based Angstrom exponent within 0.2, and varies almost as
Aext IS 0.5xSMF+1.5, with an RMS of the SMF difference widely if a little more steeply with the OMF. In contrast, that
of 0.4. The submicron non-refractory nitrate fraction showscalculated for OPC particles up to 750 nm, which roughly
an even weaker relationship with the Angstrom exponent.corresponds to Am aerodynamic diameter, varies between
The Angstrom exponent for ambient (not necessarily dry)2.3 and 2.5 (thin triangles in Fig. 5a), a range narrower
aerosols would relate to the OMF similarly. This is because,than observed. Hence, the Angstrom exponent in this geo-
unless the RH is higher than 95%, humidity changes dographical region is determined by coarse particles (particles
not significantly influence the wavelength dependencearger than um), not by the variation in aerosol composi-
because the scattering coefficients at all wavelengths chang#n within the submicron size range, such as varied mixes of
by similar factors and because absorption is usually athe organic and ionic species of slightly different size.
minor fraction of extinction. According to a simulation  Low wavelength dependence was typically associated
of diameter growth factor using the size distributions overwith relatively high organic and low inorganic mass in
North America (Shinozuka et al., 2007) and another similarsubmicron aerosols. Figure 6 compares the extinction
calculation (Anderson et al., 2005), the absolute differenceAngstrom exponent with the mass of submicron non-
in Angstrom exponent between dry and ambient conditionsrefractory organic/inorganic material divided by excess CO
is 0.2 or smaller, unless both the humidity response and th¢total CO minus the background value, the latter vary-
dry Angstrom exponent exceee?. ing around~0.07 ppmv from flight to flight; DeCarlo et

In the rest of this section we attempt to ascertain theal., 2008). The relative organic mass often exceeded
cause for the anti-correlation between OMF and extinction40..g m—3 STP ppnt?, and the relative inorganic mass sel-
Angstrom exponent. First we demonstrate that the observedom exceeded 30g m—3 STP ppn1!, when the extinction
relationship is a manifestation of coexistence of coarse partiAngstrom exponent was near or below 1.3. This is in con-
cles and submicron organic masses over the region. Then weast to cases with high Angstrom exponent where mass of
discuss potential causes of their link. each component took a wider range of values.

The presence of coarse particles predictably dominates the The cause for the coexistence of coarse particles and sub-
variation in the Angstrom exponent. The OPC size distribu-micron organic mass is, meanwhile, unclear. Dust has been
tion averaged over the entire experiment over Central Mex-observed to effectively take up aerosol precursors such as
ico for different OMF values (0.2-0.4, 0.4-0.6, 0.6-0.8) aresulfur dioxide (SQ), nitrogen dioxide (N@) and nitric acid
shown in Fig. 5b. The size distribution of extinction was (HNOgz) on the surface (Zhang et al., 2000; Kline et al., 2004;
computed with Mie theory with a constant refractive index of McNaughton et al., 2009), due to the presence of iron and
1.59, divided (normalized) by the simultaneously measurednanganese as catalysts for the formation of these anions,
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Central Mexico 4.1.2 Wavelength dependence of absorption
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Particle absorption may eventually become a tool for iden-
tifying some aerosol components by satellite observations.
Figure 7 illustrates the relationship among the Angstrom ex-
ponent of absorption (AAE) obtained with the 3-wavelength
PSAP (plotted over the vertical axis), SSA at 530 nm (indi-
cated by the marker color) and OMF (horizontal axis) over
Central Mexico. For the SSA classes up to 0.98 shown in the
figure, the wavelength dependence of absorption decreases
with decreasing OMF. If extrapolated to an OMF of 0, in-
dicative of absence of organic material and, as discussed in
Sect. 4.1.1, dust, the AAE would be 1.0-1.1. This obser-
—o — i ‘ i vation is consistent with the fact that black carbon absorbs
0.2 0.4 0.6 0.8 1 .
Organic Mass Fraction strongly at all wavelengths (Bergstrom et al., 2002; Kirch-
stetter et al., 2004). It is also evident that the AAE generally
Fig. 7. The Angstrom exponent of absorption measured over Cenincreases as OMF or SSA increases. This can be explained
tral Mexico, plotted with the AMS organic mass fraction (hor- by the presence of humic like substances (HULIS) and dust,
izontal axis) and the single scattering albedo at 530 nm (SSAwhich are colored (i.e. high AAE), weak (high SSA) ab-
color). Marker size is proportional to the dry extinction coef- sorpers associated with high OMF.
ficient (Mm_l) at 530nm. The squares and lines represent the The OMF-SSA-AAE relationships given in Fig. 7 can be

data with the dry extinction exceeding 10 Mth for the SSA : .
s of D30 053 053 04, 054-0%, 036-054 a 0 1 % mNEL eucuone for S Meceo, Ao,
1.00, from left to right. The linear regression to the absorption 9 9 P P

Angstrom exponent averaged over each 0.1 OMF bin (squares avelengths may be associated with markedly low SSA near
are 0.9cOMF+1.0, 1.&XOMF+1.0, 1.&AOMF+1.1,2.4OMF+1.1  300nm (Bamard et al., 2008; Corr et al., 2009). That may
and 7.1« OMF+2.0, respectively, with the root mean square of the have implications on photolysis rates (of B(iGor example),
difference in the Angstrom exponent between the observation angatellite retrievals of certain trace gases and solar heating
fit being 0.2, 0.2, 0.3, 0.9 and 5.3, respectively. rates.
The observed link between optical properties and OMF
shown in Fig. 7 also provides a potential new aerosol re-

fixing with calcium carbonate or reaction of sulfuric and ni- trieval technique. Absorption wavelength dependence, to-
tric acids. Dust uptake would decrease the anion supply tQyether with SSA, can be used to estimate OMF over Central

the non-dust submicron particles. Indeed, the ratio of in-\Mexico. Satellite retrievals of these optical parameters would
organic mass to excess carbon monoxide concentration Wage helpful in cloud-free regions.

observed to decrease with decreasing Angstrom exponent

(Fig. 6b). This could increase the OMF, thelativemea- 42 The relationship between particle hygroscopicity

sure of organic mass in the submicron aerosols. However, and wavelength dependence of extinction

this hypothesis about the inorganic compounds and dust does

not explain the persistently high submicron organic mass obThe CCN activity may be extrapolated from the humid-

served under low Angstrom exponent (Fig. 6a). ity response of aerosol size below saturation, as discussed
Unregulated combustion in power plants and other indus-in Sect. 3.2. Consequently, remote sensing of aerosol hy-

trial processes may generate significant coarse fly ash angroscopicity would be of value in refining remote sensing

submicron organic material. Some air masses from recengf CCN. Unfortunately, only a weak relationship was evi-

forest fires, marked by enhanced hydrogen cyanide (HCNYent between the TDMA hygroscopicity and the extinction

relative to carbon monoxide, were associated with supermiangstrom exponent (Fig. 3a). For the air masses with high

cron particles, but not all of them were. Aiken et al. (2009) dust mass indicated by the extinction Angstrom exponent

show that dust and biomass burning organic aerosol wergmaller than 1.3, the growth factor is near 1, as expected for
high (low) together during the dry (humid) periods inside jts hydrophobic nature.

Mexico City, but that their detailed time-series do not show

high correlation, indicating that both emissions are generally

increased during dry conditions but are mostly not arisings Conclusions

from the same physical processes. Fresh fires represent only

a small fraction of the observed data anyway. Aerosol chemical composition, hygroscopicity, size distri-
butions and multi-wavelength scattering/absorption as well
as CCN number concentrations were measured over Central
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