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Abstract. The composition and physical properties of aged1 Introduction

atmospheric aerosol were characterized at a remote sam-

pling site on the northern coast of Crete, Greece during thenater uptake by atmospheric particles affects their size, life-
Finokalia Aerosol Measurement Experiment in May 2008 time (Kreidenweis et al., 2001; Spichtinger and Cziczo,
(FAME-2008). A reduced Dry-Ambient Aerosol Size Spec- 2008), optical (Malm and Day, 2001; Sequeira and Lai,
trometer (DAASS) was deployed to measure the aerosol wai998) and chemical properties. This can influence their inter-
ter content and volumetric growth factor of fine particulate action with climate, their deposition inside the humid respi-
matter. The particles remained wet even at relative humidityratory tract and corresponding health effects (Martonen and
(RH) as low as 20%. The aerosol was acidic during most ofZhang, 2003; bndahl et al., 2008).

the measurement campaign, which likely contributed to the  Atmospheric aerosol can exist in multiple thermodynami-
water uptake atlow RH. The water content observations wergg|ly stable and metastable states. For simple salt systems a
compared to the thermodynamic model E-AIM, neglecting gry particle will uptake water at a critical relative humidity
any contribution of the organics to aerosol water content.(RH), called the deliquescence point (DRH), grow suddenly,
There was good agreement between the water measuremenifq then continue to grow as RH is increased further. On the
and the model predictions. Adding the small amount of wa-return branch of decreasing RH the salt particle can exhibit
ter associated with the organic aerosol based on monoterpengehysteresis behavior by not following the same path but re-
water absorption did not change the quality of the agreementaining water past the DRH until it crystallizes and collapses
These results strongly suggest that the water uptake by aged its dry size at a lower RH known as the efflorescence point
organic aerosol is relatively small (a few percent of the to- (ERH). For simple inorganic salts the deliquescence and ef-
tal water for the conditions during FAME-08) and generally fiorescence points are well known (Tang, 1997; Seinfeld and
consistent with what has been observed in laboratory experipgndis, 2006). The behavior of complex mixtures including
ments. The water concentration measured by a Q-AMS wageveral organic components is not well understood, making
well correlated with the DAASS measurements and in goodit djfficult to predict the liquid water concentrations of atmo-
agreement with the predicted values for the RH of the Q-gspheric particles. For RH less than 80% or so it is not clear
AMS inlet. This suggests that, at least for the conditionsif the ambient particles are liquid droplets or dry particles.

of the study, the Q-AMS can provide valuable information The hygroscopic tandem differential mobility analyzer

apout the aerosol water concentrations if the sample is nOEH-TDMA) is one tool often used to measure hygroscopic
dried. growth of ambient particles (Berg et al., 1998; Cocker et
al., 2001; Nilsson et al., 2009). The H-TDMA size se-
lects a nearly monodisperse stream of dried aerosol, ex-
poses the size-selected particles to an elevated RH and then
measures the resultant size distribution, and thus growth,

Correspondence tcS. N. Pandis with a scanning mobility particle sizer (SMPS). To facilitate
BY (spyros@chemeng.upatras.gr) intercomparisons among different studies most H-TDMA
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measurements occur at 90% RH, limiting the ability to ex- The Dry-Ambient Aerosol Size Spectrometer (DAASS)
plore metastable states and deliquescence behaviors whickas developed to make direct in situ measurements of the
would be observed at lower RH (Swietlicki et al., 2007). water content of the entire distribution of ambient aerosols
While other RHs can be selected this mode of H-TDMA (Stanier et al., 2004). The DAASS was deployed for field
operation requires additional sampling time and RH adjust-monitoring during the Pittsburgh supersite, where a seasonal
ments whereas the DAASS measures the particles at the comleliguescence behavior was observed as well as an increased
stantly changing ambient RH automatically. The H-TDMA water concentration (compared to the theoretically expected
can be used to scan RH to reveal particle state informatiorbased on the inorganic PM) due to the organic component of
and it can provide valuable insights into the particle mixing the aerosol (Khlystov et al., 2005). The DAASS differs from
state. For example, measurements at Jungfraujoch, whicthe H-TDMA in that it measures the aerosol water concen-
is a ground-based station representative of conditions in thération of the full PMy 5, PM; or PMyq distribution and does
free troposphere, were taken in the range of 10-85% RHot focus on the behavior of particles of a given size. This
without evidence of efflorescence behavior (Weingartner etallows integral information of desired size cuts to be gath-
al., 2002; Sjogren et al., 2008). Choi and Chan (2002) havesred with high time resolution, but relinquishes some of the
shown that organic components have the potential to delayletailed information provided from an H-TDMA such as the
or inhibit efflorescence, but a lack of efflorescence is alsomixing state of the particles. Finally, the reduced DAASS
consistent with sulfate aerosols that are not fully neutralizedrequires only one DMA compared to the two needed by the
(Martin, 2000; Khlystov et al., 2005). H-TDMA. The H-TDMA and the DAASS are quite compli-
H-TDMA studies have found evidence that several organicmentary focusing on different aspects of the atmospheric par-
particulate matter (PM) components are hygroscopic and caticle hygroscopic behavior.
absorb water (Dick et al., 2000) while others have shown that Despite the known importance of water uptake in ambient
organics can impact the water uptake of the inorganic PMaerosol systems there is a relative dearth of water measure-
components both positively and negatively for non-urban andments, and our comprehension is hampered by complexities
urban sampling locations, respectively (Saxena et al., 1995¢f unknown organics combined with inorganic systems. In
Cruz and Pandis, 2000). Smog-chamber secondary organithis work a reduced DAASS system is deployed for monitor-
aerosol measurements have found a hygroscopic growth fagng remote ambient aerosols in the critical size range of 10 to
tor (D wet! Dp,dry) Of 1.1 at 85% RH (Virkkula et al., 1999). 500 nm at ambient and low<25%) RH. Additionally, a Q-
Despite the many contributions of H-TDMA measure- AMS is used to monitor undried atmospheric particles. The
ments, this technique cannot easily measure the liquid wategoal is to determine the state (liquid or solid), water content,
content of atmospheric particles in their ambient state. Thisand volume growth factors of the particles and compare the
is because the particles are dried prior to sampling, and theobservations to existing models for inorganic components in
re-wetted. Some species other than water may be removedrder to increase our understanding of the impact of organics
during this drying process or the particles may effloresce oron the complex atmospheric mixtures.
their morphology may change altering their physical charac-
teristics. Scanning different particle sizes and RH values in .
the H-TDMA approach also requires significant time mak- 2 Experimental
ing the measurement in an environment where the aerosoi
composition changes continuously quite challenging. Other™

approaches have been used to estimate the liquid water COfpeasurements were taken at the Finokalia statioh 285N,

tent of ambient particles and sometimes to attempt to conpgo g« E) on the northeast coast of the island of Crete. The
strain the contribution of organic material to the liquid water sampling station is located at a 250 m elevation far from any
content. Chemical analysis combined with filters weighed aty, 5ior |ocal anthropogenic sources; the closest urban center is
varying RH have been used to determine the amount of Wagjerakjion with an approximate population of 150 000, which
ter attributable to the inorganic constituents in filter samples;g approximately 50 km to the west. The island’s location
from Research Triangle Park, North Carolina. The exces§y, the Eastern Mediterranean makes it an ideal location for
liquid water (about 20%) was attributed to the organic COM-gampling a variety of air masses that have been transported
pounds (Speer et al., 2003). Other researchers have usedi@ crete, including marine, African and European outflows.
nephelometer, comparing the scattering at ambient RH 10 the:riher details of the sampling site are reported elsewhere

scattering at areduced RH (Covertetal., 1979). This methog\jinalopoulos et al., 1997; Kouvarakis et al., 2000; Sciare et
was used in several national parks and found that particles reg; 2003).

tained water to very low RH at some locations (Great Smoky

Mountains and Big Bend), whereas evidence of efflorescence
was observed at the Grand Canyon (Malm et al, 2000; Malm

and Day, 2001; Malm et al., 2003). This work also suggested
that organic aerosols were weakly hygroscopic.

1 Sampling site
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Dry air (Fig. 1) for the countercurrent streams of the Nafion
dryers was provided at a rate of 5Ipm for the inlet dryer and
15Ipm for the sheath dryer by an oil-free compressor and a

E‘hausl

Nafion Dryer

Aerosol Flow Paths

(| T/RH inlet ||

Dry air supply

PR — | smPs heatless dryer (not shown in Fig. 1; Permapure HD-2000)
Sheath Alf Flow Pathe 2z with long with final polishing via an activated carbon capsule (What-
2 s DMA man), silica gel dryer and a HEPA filter. The Nafion mem-

qump brane selectively removes approximately 90% of the water
Extaust & UKL g vapor, while retaining the other compounds in the aerosol
) ) ) ) ~ stream. Our laboratory tests did not show a loss of organics
Fig. 1. Schematic of DAASS flow paths. Red is the dried sampling o pitrate from the aerosol sample due to the Nafion dryers.

mode, blue is the ambient sampling mode and green is the vent . .

mode. The internal SMPS pump for the sheath air recirculation is In the ambient mo‘?‘e the Nafion dryers were bypassed us-

not shown explicitly in the schematic. ing three-way solenoid valves (Alcon U33-42-21-12, ltasca,
IL, USA). This operation was akin to a traditional SMPS
measurement. After the ambient-mode scan ended the sys-

2.2 Instrumentation tem was prepared for dry sampling in what is termed the dry
preparation. This meant the automated valves entered the dry

The Finokalia Aerosol Measurement Experiment 2008configuration, but size distribution data were not being col-

(Pikridas et al., 2010) took place from the beginning of lected to allow for system stabilization.

May to beginning of June 2008 (FAME-08) and was part of  The third flow mode, a vent stage, rapidly prepared the
the European Integrated Project on Aerosol Cloud Climatesystem to switch from the dried sampling mode to the am-
and Air Quality Interactions (EUCAARI) intensive cam-  bjent sampling mode by operating in a once-through flow
paign occurring throughout Europe during May 2008 (Kul- configuration (Fig. 1) in which dried air was exhausted and
mala et al., 2009). Specifically, FAME-08 investigated the ambient air was drawn into the system. This air exchange
physical, chemical and optical properties of aged Europeaiwas aided by a pump to drive a greater amount of air through
aerosol. The field mission’s focus on a remote area comthe system without straining the SMPS blowers. One minute
plements other regional pollution measurements of the EUprior to the end of the vent mode the system was returned to
CAARI campaign. An overview of the FAME-08 field mis-  a recirculating flow for the SMPS blowers to stabilize.
sion with details on each of the measurements described be- Maintaining the ambient temperature throughout the sys-
low has been presented by Pikridas et al. (2010). The preseRtm as critical to sampling at ambient RH, so all of the in-
work focuses on measurements related to water uptake angrmentation was placed outdoors. The DAASS system was
our theoretical understanding of particulate water. shielded from sunlight by a large weatherproof canopy. In
order to increase air flow around the system a fan was placed
at the end of the canopy. Relative humidity and temperature
The DAASS consists of a scanning mobility particle sizer Were measured at three pomts_m the DAASS (ambient at the
. .entrance to DAASS, after the inlet dryer/bypass, and at the

(SMPS, TSI 3936L), automated valves, and a particle condi-~_. . . o
- e xit of the differential mobility analyzer column before the
tioning system that measures aerosol number distributions agondensation article counter (CPC, TSI 3772)). The RH
ambient RH and at low RH. A schematic is shown in Fig. 1. b . ! S

o . . diata were logged by the LabView software, which also con-
This is a reduced system based upon the design of Stanier €5 lled the valves (Fig. 1)

al. (2004). The SMPS is operated at a sheath to aerosol flow i i _
ratio of 5:1 Ipm for a mobility diameter size range of particle  AS atmospheric particles lose water they shrink. However,

measurements from approximately 10 to 500 nm. Particledn® maximum mobility diameter measured by the SMPS is
are equilibrated to a Boltzmann charge distribution with a constant and determined by the sheath air flow rate and max-

85Kr neutralizer (TSI, 10mCi 3077a). Each SMPS upscanimum voltage applied to the DMA column. As the aerosol
is 5 min in duration followed by a 5-minute downscan. The is dried in the DAASS, additional particles enter the measur-
DAASS has two sampling modes, dried and ambient, and Able sampling window. In order to determine the amount of
vent mode (Fig. 1). The difference between the ambient andvater taken up by the particles we must apply a small cor-

dry mode aerosol volume distributions is interpreted as thd€ction for this sampling bias to exclude the additional par-
particulate water concentration. ticles in the dry distribution. Using the method of Stanier et

In the dried sampling mode, the particles were passecf‘l' (2004) the total measured volumes of the ambient and dry

through a modified inlet including a single-tube Nafion dryer distributions are:
in a stainless steel casing (Permapure MD-110, Toms River,

0

2.2.1 Dry-Ambient Aerosol Size Spectrometer

NJ). The sheath air line in the SMPS was also dried in a . Dz
closed loop. Since the sheath line required a higher flow rate/ary = & / Dnary(D)d D 1)
a multi-tube Nafion dryer (Permapure PD-50T) was used. Da1
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T De2 s externally mixed aerosol modes of different hygroscopicities
Vambient= G / D*nambien{ D)d D (2)  showed that the growth factor calculated by Egs. (3) and (4)
Dai may be biased low under this circumstance. This error was

estimated to be small (a few percent at most) for the condi-
where Vambientis the total ambient particle volume concen- tions of FAME-08 where the deviations from the internally
tration, D is the particle mobility diamete)a; andDazare  mixed state (as indicated from the AMS size distributions)
the upper and lower integration limits, respectively, of the gre small and th@gy, diameter was close to the peak diame-
ambient distributions, anel(D) is the aerosol number distri-  ter of the accumulation mode (Hildebrandt et al., 2010).

bution. To obtainVyry, the upper integration limitDz, is The contribution of the sub-100 nm particles to the aerosol
adjusted so that the same number of particles are considerggy;,me and therefore the VGFE was less than 5% during the
in both the ambient and dry distributions. This means that thestudy and for the sub-50 nm it was much less than 1% (Pikri-

upper integration limit for the dry distribution will be lower a4 ot 1. 2010). As a result the role of the Kelvin effect in
than that of the ambient distribution. While the lower inte- the analysis of our measurements is negligible.

gration limits, Dg1 and Day, will be impacted by the same The effect of the water additivity assumption on the cal-

distribution shift we will neglect this for two reasons. First, culation of aerosol water concentration is easy to quantify
very few particles smaller than 15nm were present during s : . >y 10 g

. through Eq. (5). Any deviation from ideality will introduce
FAME-08 representing less than 196 of the total aerosol num'the same error in the water. For these aerosol systems where
ber concentration (Pikridas et al., 2010). Second, the small- ' y

est particles in the distribution contribute little volume (zero EZEt?etrr?:?u\ll\]{Z::rssl tii;eerrgtler\]/(iagti?r?;n;¥engthgcltféiléebgfz:vf;v
for all practical purposes during FAME-08) and therefore do y b

not introduce significant error if neglected. We define thepercent resulting in similar uncertainties. Finally, the maxi-
volume growth factor as: ' mum aerosol water at a RH of 10% is approximately 2% of

the sulfate concentration. The average sulfate concentration

Dap 5 during FAME-08 was 3 ug e, so the average effect of ne-
Ve J D nambien{ D)d D glecting the water concentration of the dried PM during the
VGF = ~ambient_ DalD A3) DAASS operation should be less than 0.06 pgfnmiThe un-
Vd d2 Tty i i ;
ry [ D3nary(D)dD certainty introduced by using a constant ammonium sulfate

density is related to the difference between the ammonium
sulfate and bisulfate densities (1.77 versus 1.78gbrso it
If we assume all the particles have the same growth factor bys always much less than 1%.

neglecting Kelvin effects and regarding the aged submicrom- - giapier et al. (2004) have quantified the uncertainty of the

Dq1

eter particle population as homogeneous then: DAASS water measurements and the factors affecting it. Par-
Dap\3 ticle losses for the size range examined here were determined
VGF= <D—a) 4) to be less than 5%. The same authors estimated an uncer-
d2

tainty of around 15% in VGF based on their measurements
Iteration is used to find the size boundaby,, which simul-  with model aerosols.

taneously satisfies Egs. (3) and (4). The corresponding VGF

then accounts for the differences between the ambient and.2.2  Aerosol Mass Spectrometer

dried distributions. Once the integration limit for the dry dis-

t_ribution has. been .dete.rmined the aerosol water co_ncentraA Quadrupole Aerosol Mass Spectrometer (Q-AMS, Aero-
tion (for particles with diameter smaller than approximately dyne Research, Inc.) continuously measured the chemi-
500 nm) can be found by: cal composition of submicrometer non-refractory aerosol in-
(5) cluding sulfate, organics, nitrate, and ammonium. The Q-
AMS operation alternated between sampling mass spectral
wherep,, is the density of water. information for mass to chargen('z) ratios between 1 and
The internal mixture assumption is used to determine the300 and sampling particle time of flight (pToF) aerodynamic
upper limit of integration in the dried aerosol distribution size information every 15s. The Q-AMS was located in
Dg2 (Egs. 1, 3 and 4). The sensitivity of the measuredan air-conditioned room and particles were sampled through
aerosol water concentration to this diameter has been exa PMyp sampling head positioned on the roof. The Q-
plored by Stanier et al. (2004) in their paper describing theAMS vaporizer was set at 60C to rapidly volatilize ammo-
DAASS development and data analysis. These authors comium sulfate and any other non-refractory compounds that
cluded that for an externally mixed population the growth would quickly vaporize below 60TC, as is typical for stan-
factor in Egs. (3) and (4) is approximately the volume- dard use of the instrument. Black carbon and other refrac-
weighted average growth factor of the various externallytory compounds cannot be measured by this type of AMS.
mixed aerosol subpopulations. Simulations with log-normalThe measurements were analyzed with a standard batch and

my = Py (Vambient— Vdry)

Atmos. Chem. Phys., 11, 91920 2011 www.atmos-chem-phys.net/11/911/2011/
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fragmentation table (Allan et al., 2004) with some minor 100 |

modifications as described in Hildebrandt et al. (2010). 90 7
In this campaign the aerosol was sampled directly without 38 | Ambiend

drying of the sample. It has been shown that some parti-z ¢, | M

cle water evaporates in the AMS aerodynamic lens (Murphy, 5 50 | 7 g

2007); consequently the AMS is not typically used for parti- 40 | :

cle water measurements. Our objective is to establish a reli-8 30 |

able protocol for using the AMS to measure particulate water. ig | Sheath .. ;y----:' Ambient 55 =" By

Determining the PM water with the Q-AMS requires care- o Sampling (Sampling pPrep |Sampling

ful adjustments to the standard Q-AMS fragmentation table 13:45 13:55 14:05 14:15

to account for changes in absolute humidity. The challenge Time

Zrt(;i;ig??;: /;hnggs-Ehaistigvgﬁ:’asiﬁrqglvr/r:tr;r T:nt(t))tsla\ﬁ%ig' 2. Example of RH time series in DAASS for the various instru-

. . . ment modes.

tributed to the particles. We make the assumption that the

gas-phase ratio of i(DJf/Nzr scales with absolute humidity.

In the pToF spectra of the AMS, gas-phase species appeag

well before the particle-phase species; this can be used tcz 7 srmed WA A, Sheath Smbient

separate the gas and particle-phase signals via integration cE | -

only the gas-phase signal. Due to inherent signal noise iné 401

the pToF distribution, the data was binned by absolute hu-£ 2o 1 e

midity and averaged before integration. For more details on“ o : sheath Drv

this procedure, see Hildebrandt et al. (2010). A default rela-  *#%A" 12:00PM 12:00AM

tive ionization efficiency (RIE) for water of 1 was used as it

is the default value for the AMS fragmentation table. Addi-

tionally, without further evidence to choose an alternate RIE,

unity provides a convenient value for readers to calculate es-

timates using varied RIEs. Better estimates of the RIE of pyring FAME-08 the sheath RH tracked the ambient RH
water are needed to fully constrain AMS measurements Ofajrly closely (Fig. 3). During the ambient sampling mode,
particulate water as there are indications that the RIE of wathe RH monitor located downstream of the inlet measured
ter is between 2 and 4. Mensah et al. (2010) have reportegH a few percent lower than ambient, potentially due to
an RIE for water of 2, but this value is likely dependent upon some heating from the solenoid valves. However, the par-
the specific instrument and operating conditions. ticles rapidly equilibrated at the RH of the sheath air and this
RH was used as the reference RH for the ambient measure-
ment (Stanier et al., 2004). The dry relative humidity was

Relative Humidity (%)

S |

100

Fig. 3. Example data from midnight on 8 May to midnight on 9
May. Ambient RH (red) and sheath dry/ambient (black dashed).

3 Results and discussion lower than 25% even for the highest ambient RH conditions.
The ambient RH during most of the study (approximately
3.1 Instrument performance 90% of the time) was less than 70%. During the short pe-

riods when the RH was high>(70%) there were significant

Figure 2 shows a typical time series of RH throughout the jifferences between the recorded RH values, so our analysis
DAASS flow configurations. The sheath RH is low dur- i focus on the data below 70% ambient RH.

ing the dry sampling period. As the dry period ends, the

valves switch to the vent mode where ambient air is rapidly3.2 DAASS water

drawn into the system causing a rapid increase in the RH. The

RH does not reach ambient conditions during the very rapidThe particles during FAME-08 showed no signs of efflores-
once-through vent flow, but quickly returns to near ambientcence (Fig. 4). The particles retained as much as 10% of
RH when the valves switch to recirculating flow and allow their total particulate volume in water at 20% RH. At 50%
the SMPS blowers and RH sensors to stabilize. After stabi-RH, where particulate matter mass is often measured in the
lization the ambient sample is measured for 5 min before theEuropean monitoring networks (Tsyro et al., 2005) the par-
system enters the dry configuration. Here a rapid decrease iticles still contained approximately 40% water by volume.
RH is observed. This is the “dry preparation” period during One potential explanation for the persistent liquid state of
which size distribution data are not collected, but the systenthe particles is the acidity of the particles. Water retention
equilibrates to the low RH in preparation for the dry sampling has also been observed for acidic aerosols in Pittsburgh and
period (which starts the repeating sequence). The instrumerBwitzerland (Khlystov et al., 2005; Fisseha et al., 2006). Fig-
cycles through these flow modes collecting both ambient andire 5 shows the acidity ratio for submicrometer particles as
dried particle distribution information. calculated from AMS concentrations for the time periods of

www.atmos-chem-phys.net/11/911/2011/ Atmos. Chem. Phys., 1199012011
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Fig. 4. Volume growth factor versus relative humidity for DAASS

measurements with one hour averaging during FAME-08. Fig. 5. Acidity ratio versus time as calculated from the molar ratio

of ammonium over nitrate and sulfate as measured by the Q-AMS
with one hour averaging.

DAASS measurement. The acidity ratio is calculated accord-

Ing to: period when both the Q-AMS and the DAASS were sam-
pling. The sampling lines leading to the Q-AMS were suffi-
(6) ciently long for the sample to come into equilibrium with the
2: mo'so?; +mOINO§ room temperature, altering the RH from ambient conditions.
The DAASS water measurements are at close to ambient RH
where moy;, molgz- and moj; are moles of ammo- yphjje the AMS measurements are at “indoor” RH which was
nium, sulfate, and nitrate, respectively. Other species suclbwer than the ambient during most of the study. 95% of the
as sodium chloride and dust were negligible in the size rangedAASS water measurements were below 5.5 g mnd the
of interest during FAME-08 (Pikridas et al., 2010). Acidity highest two data points for DAASS water represent only 3 h
is not the only potential explanation, as deliquescence an@ver the entire campaign. The trend line is a weighted linear
efflorescence behavior has been shown to be inhibited fofit to the data and given by:
model aerosols by a number of organic components (Mar-
colli and Krieger, 2006). (AMS Waten = 0.44(DAASS Watej +0.74 pg nr3 )
The reduced DAASS measurements discussed here fo-
cused on particles much smaller than one micrometer (am- The observed correlationR¢ = 0.90 for the water mea-
bient dry sizes of less than 500 nm) where the mass/voluméurements below 8 ugm) was mainly due to the aerosol
contribution of sea-salt particles was very small even if theitself; for example during high sulfate periods both the
measurement site was close to the coast. Our focus was 0RAASS and AMS measured high aerosol water concentra-

the effect of aged organic aerosol on the hygroscopic behavtions. Of course, some of the correlation is due to the fact
ior of the particles and we purposely tried to avoid the ther-that both measurements correspond to the same absolute wa-

modynamic complications caused by the sea-sal. ter vapor concentration. Other reasons contributing to the
The lack of efflorescence cannot be explained by meadiscrepancy include the slightly different size ranges mea-

surement artifacts (e.g., due to long sampling times). Everysured. by the two systems and the Q-AMS water measure-

20 min a data point of VGF was collected. Due to the relativeMent itself. .

stability of the air masses this is a short enough time period " an effort to compare the results of the two instruments

to see efflorescence if it was persistent. Using the same setug" the campaign we averaged the DAASS and AMS wa-

Khlystov et al. (2005) did not have a problem observing ef- ter measurements for the same RH conditions using five RH
florescence in different environments. bins. Even if these correspond to different time periods they

were very well correlatedR? = 0.95):

MOl +
Acidity Ratio= 4

3.3 Comparison to AMS Water 3
(AMS Watep = 0.79(DAASS Watej — 0.39 pug nm (8)

Despite the potential loss of water from the particles in the )
aerodynamic lens of the AMS and the different RH values _Use of the same average RH not only Improves the corre-
for the measurements, a strong correlation between measuré?jt'on but also brought th? slope close to_ unity and dgcreased
DAASS water and measured AMS water was observed. Fig_the apsplute value of thg intercept. We will explore this rather
ure 6 shows the data binned by every 0.5 i§raccording surprising result reggrdmg .the water measured by the AMS
to the DAASS water. The Q-AMS was located inside a room ina subgequent section using thermodynqmlc theory and the
as opposed to the DAASS, which was located outside undepfA_MS mle_:t RH calculated from the ambient absolute hu-
ambient conditions. Ambient temperature averagedCl9 midity and indoor temperature.

while the indoor temperature was on averagé@®ver the

Atmos. Chem. Phys., 11, 91920 2011 www.atmos-chem-phys.net/11/911/2011/
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6 2
1.9 4

&5 1 Pt 18
S Jittaat . 17
24 : ,?‘; FY L8
b [} i/,. Q15+
2 3 A i /%—' 1.4
g ¢ 13 A

2 o~
(é) .“,"‘ 124 88 & it Organic Water
<1 . *” li iaid ~ . . . .

10 20 30 40 50 60 70
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ Relative Humidity (%)
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DAASS Water (ug m-3) Fig. 8. Predicted volume growth factor versus RH predicted from

the E-AIM model using only inorganics (black) and including water
Fig. 6. DAASS water versus AMS water averaged for every uptake from organics estimated from Koo et al. (2003) (green).
0.5ug 13 bin in the DAASS water. Error bars reflect one standard
deviation divided by the square root of the total number of samples
in that size bin minus one. The DAASS water was measured at amwhere m; and p; are the mass and density of the given
bient RH while the AMS water at the indoor RH (RH of the sample species. The organic aerosol density during FAME-08 was
at room temperature). determined to be approximately 1.35 pug¥rby comparing
the Q-AMS mass distribution to the SMPS size distribution
» measurements (Lee et al., 2010; Kostenidou et al., 2007). We
use the ammonium sulfate density for both ammonium bisul-
fate and sulfate and also take advantage of the fact that there
was very little nitrate during the study (Pikridas et al., 2010).
In order to compare the DAASS measurements to E-AIM
theoretical calculations, Model 1l was used to simulate the
. low RH conditions of the sheath air to estimate the amount
oo 212312008 212672008 of water remaining during the low RH conditions. This cor-
Time rection was minor (around 6%), but non-negligible. Particles
_ _ were assumed to have negligible water below 10% RH.
Fig. 7. Water versus time as calgulated from E-AIM and measured The time series of the predicted and the measured aerosol
by the_ DAASS at C'O?'e to ambu_ent RH. The water Up.take by thewater is shown in Fig. 7. The theory seems to reproduce the
organics is neglected in the predicted water concentration. . . .
measurement time series well even if the water content of the
organics is neglected in this calculation. Both the measure-
ments and the predictions correspond to the DAASS mea-
surement RH which differed by a few percent from the am-
bient RH (Fig. 2). If needed for other applications the model

The inorganic concentrations for sulfate, ammonium, and ni-c4 he used for a first order correction of the measurements
trate measured by the Q-AMS were used as inputs into thg, ihe ambient RH.

Extended Aerosol Inorganic Model 11 (E-AlMyttp:/www. The impact of organics on water uptake is still largely un-

aim.env.uea.ac.uk/aim/aim.ghparslaw et al., 1995; Clegg  known. We use corrected UNIFAC predictions of water up-

et al., 1998; Massucci et al., 1999) in conjunction with the {516 from Koo et al. (2003) fa-pinene oxidation products
DAASS sheath RH and the sheath temperature. The DAASSg 5 surrogate for our organic compounds. The concentra-

RH and temperature were gveraged over the sampling intekion of organics was supplied from the Q-AMS. The esti-
val of the Q-AMS. Production of all solids by the E-AIM 4464 contribution of aerosol water associated with organics
model was suppressed and organic particulate related watgg ma)| especially compared with the contribution of water
was neglected. Similar calculations were conducted with E-;sgqciated with inorganics at the same RH. The organic as-
AIM Model I1l, which allows for additional inorganic com-  gyciated water has a small impact on the predicted VGF, a
ponents but restricts the temperature calculation to 298.15 Kgoy, average increase with the addition of water uptake by the
The resultant changes to aqueous water were negligible, sgrganics, shown in Fig. 8. Therefore, the measured DAASS
all calculations presented here employ Model Il. The pre-yaier is consistent with a relatively small water uptake of or-

-
o

o Predicted

Measured

Water (pug m-3)

o N A O ®

5/8/2008 5/13/2008

3.4 Comparison to thermodynamic theory

dicted VGF is calculated according to: ganics. The effect of organics on water uptake by aerosols
in sub-saturated and super-saturated conditions can be quite
Mg M MY morg | ™03 Mhy0ng different. The role of organics in the CCN concentrations in
VGFpredicted= P(NH)2S0y fog _Mos P20 (g9)  the same area is non-negligible (Bougiatioti et al., 2009).

me o +Myg++m + m,
50421 H NH, rT\urg_}_ NO3 MiowRH, HyOaq

P(NH4)2S0y Porg PNO3 PH0

www.atmos-chem-phys.net/11/911/2011/ Atmos. Chem. Phys., 1199012011


http://www.aim.env.uea.ac.uk/aim/aim.php
http://www.aim.env.uea.ac.uk/aim/aim.php

918 G. J. Engelhart et al.: Water content of aged aerosol

then our results suggest that approximately half of the water
evaporated in our AMS and that this fraction was relatively
constant during the measurement period. While the abso-
lute aerosol concentration was quite variable during FAME-
08 (Hildebrandt et al., 2010; Pikridas et al., 2010) the shape
of the volume/mass aerosol distribution was relatively stable
0 : : ‘ : : (Pikridas et al., 2010). This stability of the aerosol volume
5/8/2008  5/13/2008  5/18/2008  5/23/2008  5/28/2008  6/2/2008 distribution probably contributed to the surprising agreement
pate of the AMS water measurement with the E-AIM predictions.

IS

w

.wmeasured predicted

Water (pug m3)
N

-
[ ISR I NI ORT RN T}
L

[=]
wn

Fig. 9. Particulate water as measured by the AMS (blue points)
versus predicted water (black line). The RH used for the model is
the indoor RH (RH of the aerosol sample at room temperature) at

which the AMS measurements were performed. The aged aerosols sampled during the FAME-08 field mis-
sion on Crete were wet throughout the entire sampling pe-

We can use the same thermodynamic theory to determinQOd' This lack of efflorescence may be aided by the acidity

the amount of water predicted under Q-AMS measuremenf)Tc the particles that was common throughout the study. Ad-

. ; itionally, our understanding of inorganic water uptake and
conditions. Measurements of ambient temperature and R :
S rganic water uptake reproduce the measurement data well.
are used to calculate the absolute humidity of the sample

the Q-AMS inlet. An indoor temperature measurement is he E-AIM model for inorganics predictions is consistent

then used to calculate the RH corresponding to the absolut\é\/Ith the DAASS measurements. Even when they are very

humidity of the ambient sample. E-AIM is used to predict aged, organics absorb a relatively small amount of particu-

the particulate water content at these RH conditions using thgjlte water, increasing total particulate water in this sulphur

. . ! . : fich environment by only a few percent.
same inorganic chemical composition information as before. . - .
Interestingly, predictions of the particle water content for

The prgdictions are pompared to the Q-AMS measurement%ne measurement conditions of the Q-AMS agree with Q-
of particulate water in Fig. 9. The agreement is very good. MS measurements quite well. This is a promising result

The predictions and measurements do not agree well on 2 S . . .
or rapidly increasing our understanding of water in atmo-

May, which was an unusual day due to high concentrations . . . )
Y y 9 spheric particulate matter and should be considered in exper-

of dust in the outflow from Africa. We disregard this day of . : o L
measurements to find a correlation of: imental design for future flgld missions. 'Comblnatlon of the
DAASS and AMS systems in future studies in other environ-
(AMS Watep = 0.77 (Predicted Water+0.43 pg i3 (10) ments may provide valuable information about our ability to
monitor ambient particulate water. Clearly a lot of additional

This correlation has aR? value of 0.73. If we assume a Work is needed before the AMS can be used to measure par-

zero intercept the correlation becomes: ticulate water routinely.

Conclusions
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