N

N

Online mass spectrometric aerosol measurements during
the MINOS campaign (Crete, August 2001)
Jodi Schneider, S. Borrmann, A. G. Wollny, M. Blasner, N. Mihalopoulos, K.
Oikonomou, J. Sciare, A. Teller, Z. Levin, D. R. Worsnop

» To cite this version:

Jodi Schneider, S. Borrmann, A. G. Wollny, M. Blédsner, N. Mihalopoulos, et al.. Online mass spec-
trometric aerosol measurements during the MINOS campaign (Crete, August 2001). Atmospheric
Chemistry and Physics, 2004, 4 (1), pp.65-80. 10.5194/acp-4-65-2004 . hal-00328358

HAL Id: hal-00328358
https://hal.science/hal-00328358
Submitted on 18 Jun 2008

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00328358
https://hal.archives-ouvertes.fr

Atmos. Chem. Phys., 4, 65-80, 2004 ~— —5& -
www.atmos-chem-phys.org/acp/4/65/ Atmospl‘]erlc
SRef-1D: 1680-7324/acp/2004-4-65 Chemlstry

and Physics

Online mass spectrometric aerosol measurements during the
MINOS campaign (Crete, August 2001)

J. Schneidet 2, S. Borrmann? 1, A. G. Wollny® 4, M. Blasner 3, N. Mihalopoulos®, K. Oikonomou®: 7, J. Sciare/,
A. Teller8, Z. Levin8, and D. R. Worsnop’

1Cloud Physics and Chemistry Dept., Max Planck Institute for Chemistry, Mainz, Germany

2|nstitute for Atmospheric Physics, Johannes Gutenberg University, Mainz, Germany

3|CG-1, Research Centeiilith, Germany

“now at: Aeronomy Laboratory, National Oceanic and Atmospheric Administration, Boulder, Colorado, USA
Snow at: Hochschule Niederrhein,dvichengladbach, Germany

SUniversity of Crete, Heraklion, Crete

’LSCE, Bat 709, CEA Orme des Merisiers, Gif/Yvette, France

8Department of Geophysics and Planetary Sciences, Tel Aviv University, Tel Aviv, Israel

9Aerodyne Research Inc., Billerica, MA, USA

Received: 10 June 2003 — Published in Atmos. Chem. Phys. Discuss.: 25 July 2003
Revised: 18 December 2003 — Accepted: 19 January 2004 — Published: 23 January 2004

Abstract. Mass spectrometric analysis of volatile and semi- the coarse particle mode. This mode consisted of sea salt
volatile (=non-refractory) aerosol particles have been perparticles and dust aerosol.

formed during a field study in the summer Eastern Mediter-
ranean. A size-resolved, quantitative mass spectrometric
technique (the Aerodyne Aerosol Mass Spectrometer, AMS)
has been used, and the results are compared to filter sam-

pling methods and particle sizing techniques. The differentrhe Mediterranean is a region with very high solar intensity
techniques agree_wnh the finding that thg fine particle mOdeduring the summer months, leading to high photochemical
(D<1.2um) consisted mostly of ammonium sulfate and of activity. Together with the influence of polluted air from Eu-
organic material. The aerosol sulfate ranged between 2 anghpe, this leads to high ozone concentrations over the eastern
12,g/m®. On most days, ammonium was closely corre- vegiterranean in summer (Lelieveld et al., 2002; Kouvrakis
lated with sulfate, suggesting ammonium sulfate as the majogt 1., 2000). Aerosol particles can play an important role in
aerosol component, but on days with high sulfate mass congjs context, since they can reduce the surface radiation by
centrations, the sulfate was not fully neutralized by ammo-gcattering the incoming solar radiation back to space. It has
nium. Trajectories indicate that the aerosol and/or its precuryeen proposed by Lelieveld et al. (2002), that these anthro-
sors originate from South-Eastern Europe. The source of thgogenic aerosols might have an effect on the sea surface tem-
ammonium sulfate aerosol is most likely fossil fuel burning, perature, followed by a decrease of precipitation in northern
whereas the organic aerosol may also originate from biomasgfrica.

burning. lon series analysis of the organics fraction in the  geyera) studies investigated origin and effect of aerosol in
mass spectrometer indicated that the major component of thg,e Mediterranean. For example, Markowicz et al. (2002)
organics were oxygenated organics which are a marker fofyng that the Mediterranean aerosol reduces the sunlight in-
aged, photochemically processed aerosol or biomass bum'”&nsity at the ground by 17.9WrA. Sciare et al. (2003a)
a(_erosol. The non-refractory aerosol compounds, measurefho performed a one-month study in summer 2000 on Crete,
with the Aerosol Mass Spectrometer, contributed between 3{yentified Central Europe as the major source for black car-
and 50% to the total aerosol mass in the fine mode. A secongy, (BC) and non-sea-salt sulfate (nsssB@ver the Eastern
mass spectrometer for single particle analysis by laser ablayegiterranean. Ganor et al. (2000), who investigated anoma-
tion has been used for the first time in the field during this 551y high sulfate levels in the Eastern Mediterranean, con-
study and yielded results, which agree with filter samples of.j,ded that sulfate production by DMS (Dimethylsulfide)
oxidation contributed to no more than 21% to the nss-
Correspondence tal. Schneider SOy. Similar results have been found by Mihalopoulos
(schneider@mpch-mainz.mpg.de) et al. (1997) and Kouvrakis and Mihalopoulos (2002) who

Introduction

© European Geosciences Union 2004



66 J. Schneider et al.: Online mass spectrometric aerosol measurements

found that the biogenic contribution to the nsszS@nges In a measurement container on a site 30 m below the mete-
between 1% and 23%, dependent on season. orological station with a horizontal distance of about 300 m,
Since the optical properties of aerosol particles are depenthe following instruments operated by the Cloud Physics
dent on their size and composition, a size-resolved chemicadnd Chemistry Deptartment of the Max Planck Institute for
analysis is necessary to understand the radiative influence d¢hemistry and by the Research Ceniélich were located:
aerosol particles further. Also, chemical composition of the Two optical particle counters (PCS 2000 and PCS 2010,
aerosol particles can give information about origin and for- Palas Inc.) to measure the size distribution of particles with
mation processes of the aerosol. Furthermore, the chemicaliameters larger than 270 nm (PCS 2010) and 330 nm (PCS
composition of the aerosol particles influences cloud forma-2000), a TSI 3025 particle counter to measure the num-
tion mechanisms. ber density of aerosol particles witb>3nm, as well as
Quantitative mass spectrometric measurement of variouéwo online mass spectrometers for the chemical analysis of
aerosol compounds can be achieved by separated evaporatithe aerosol ensemble and of single particles: The Aerodyne
and ionization with subsequent mass spectrometric analysiéerosol Mass Spectrometer (AMS) and the Single Particle
of the molecular ions (Jayne et al., 2000). Complementary td-aser Ablation Time-of-flight Mass Spectrometer (SPLAT),
this technique, single particle analysis is needed because tHgoth of which will be described below.
mixture state (internal/external) of the aerosol also influences The container, which was upwind of the hill during the
the optical properties (Noble and Prather, 2000). Howeverwhole measurement period, had two vertical particle inlets
the most frequently used single particle analysis method isnade out of stainless steel with a diameter of 63 mm each,
laser ablation, which is limited in the ability of quantitative 2m above the container roof. Ambient air was pumped
determination of the composition within individual ambient through these tubes with a flow of 1¢h for each inlet. The
aerosol particles (e.g. Gross et al., 2000). Furthermore, theample tubes for the aerosol instruments were designed to be
optical detection of the single particles limits the detection near-isokinetic. The tubings to the optical particle counters
range on the lower side at about 100 nm, dependent on thevere made without bends, while it was necessary to include
instrument type. one 90-bend before the particles were transmitted into the
Here we report on mass spectrometric aerosol measureSPLAT inlet system. The wall losses in a°3end can be
ments performed during the Mediterranean Intensive Oxi-estimated according to Hinds (1999) as the product of the
dant Study (MINOS) in August 2001 at Crete. This cam- particle Stokes number and the bend angté2] and are
paign was dedicated to investigate the anthropogenic contrismaller than 10% for particles with diameters up to.10
butions to the environmental conditions observed over theat the chosen air flow of 10¥h. The inlet flow to the AMS
summer Eastern Mediterranean (Lelieveld et al., 2002). Thisvas separated from the 63 mm tube through a stainless steel
paper focuses on the chemical composition of the aerosoiube with an inner diameter of 0.15cm and a length of 1 m.
particles inferred from two mass spectrometric techniques aJhe AMS measured sample rate was nominally 1.2/sm
well as from filter sampling methods. These measurementsorresponding to a residence time inside the 0.15 cm tube of
were accompanied by various other techniques to determiné.3s. Particle losses were calculated for diffusive, settling,
size and number density of the aerosol. and inertial losses using the formulas given by Hinds (1999).
These losses inside the 0.15 cm tube amount to 7% for 50 nm
particles and decrease to 0.6% for Arb particles, a size
2 Experimental that represents the upper limit of the AMS inlet transmission.

The measurements have been carried out during the MINOS.1  The aerosol mass spectrometer (AMS)

project at Finokalia, Crete, Greece. This meteorological sta-

tion of the University of Crete is located on a hilltop at 2.1.1 General description

35°24'N, 25°60 E, at 150 m above sea level, on the northern

coast of Crete (Mihalopoulos et al., 1997). The data collec-Online particle analysis has been carried out starting 16 Au-

tion period of the MINOS campaign lasted from 1 August gust with the Aerodyne Aerosol Mass Spectrometer (AMS).

2001 until 24 August 2001. The instrument has been described in detail previously
At the meteorological station, the size distribution of (Jayne at al., 2000; Allan et al., 2003a; Jimenez et al.,

aerosol particles with diameters below 200 nm was measure003a), so it will be only briefly reviewed here: Aerosol par-

with a TSI 3040 diffusion particle sizer, which includes a ticles with vacuum aerodynamic diameters between 50 and

TSI 3025 condensation particle counter. Chemical analysist500 nm are focused onto a narrow beam by means of an

of aerosol particles was performed using a MOUDI (micro aerodynamic lens and are separated from the gas by differen-

orifice uniform deposition impactor) and quartz filter sam- tial pumping. The lens transmission is approximately 100%

ples with subsequent ion chromatographic analysis. Detaildor particles with size diameters between 80 and 600 nm (see

of the MOUDI and filter samples can be found in Sciare etFig. 9). After a flight distance inside the vacuum cham-

al. (2003b). ber of 390 mm, the particles are flash-vaporized on a hot

Atmos. Chem. Phys., 4, 65-80, 2004 www.atmos-chem-phys.org/acp/4/65/
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surfape (approx.. 500__700)' This procedure evaporates the Table 1. Relative ionization efficiencies and collection efficiencies
volatile and semi-volatile compounds of the aerosol. The re-applied in the AMS data evaluation in this work.

maining, non-volatile fraction is usually called “refractory”,
so it has become common to refer to the vaporized part as

“non-refractory” aerosol fraction (Drewnick et al., 2003). Species Relative IE  collection
The molecules are ionized by electron impact at an energy efficiency
of 70eV and analyzed by a quadrupole mass spectrometer Nitrate 11 0.5
(Balzers QMA 410, rod length 30 cm, rod diameter: 16 mm). Ammonium 35 05
Since the evaporation and ionization processes are separated Sulfate 1.15 0.5

and linear, the instrument can be calibrated and used for Organics 0.711 1

quantitative detection of aerosol components like sulfate, ni-
trate, ammonium etc. The instrument can be operated in two
modes: (1) the mass spectrum mode: The particle beam is

constantly analyzed and the whole mass range of the SPeG,q fragmentsn /z=30 and 46 (which make up 90% of the

f[rometer is scanned W'th a repetltl_o_n rate of 3Hz. This rnOdetotal ions produced from nitrate), the relative ionization effi-
is used for total chemical composition measurement. (2) the

) . . . i infer the ni ionis 1.1.
time-of-flight mode: The particle beam is chopped at cq clency used to infer the nitrate mass concentration is

100 Hz by a rotating wheel with two slits, and the mass spec- N ] )

trometer is set onto specific masses, e.g. 30 {Nand 46 An additional correction has to be applied due to the de-
(NOJ) for nitrate. By triggering the MS with the opening creasing collection efficiency of non-spherical particles. It
of the chopper, the size selective mass loading of the indihas been found that crystalline particles are less well focused
vidual species can be measured. The chopper mechanism & SPherical PSL particles by the aerodynamic lens. We used
also used for complete blocking of the beam to determine thé collection efficiency of one for organics and 0.5 for the
gas-phase background. Both modes of operation were useffner species. This assumes that the liquid, spherical organic

during the MINOS campaign, alternating every 20s. aerosol is externally mixed with the internal mixture of am-
monium sulfate and ammonium nitrate aerosol. The reason
2.1.2 Derivation of mass concentrations for this assumption and possible errors induced by it will be

discussed in Sect. 3.4. The correction factors applied in this
In order to infer quantitatively the mass concentrations of thework are summed up in Table 1.
individual aerosol compounds, the AMS needs to be cali-

brated in the laboratory. For this purpose, ammonium nitrate ¢ jonization by electron impact leads to significant frag-
has shown to be well-suited. A test aerosol of known sizeoniation of the molecules. In order to infer the fragmenta-

and number concentration is produced by means of an atoMy,n patterns of the individual species, laboratory measure-
izer, an eleqtrgstatlc clas§|f|er and a particle counter. Th'sments have been carried out by various users of the AMS.
test aerosol is introduced into the AMS and the measured i0R-¢ fragmentation pattern of sulfate and nitrate are described
currgnt of the d.et(.acted particles is converted to the |c_)n|zat'|or]n Hogrefe et al. (2003). These patterns are applied to the
efﬁmgncy (IE) in ions %e,r molecule. This q,“a”“ty IS t.ypl- peaks of mass spectra measured during field studies to ac-
cally in the order of 10 ions/molecule fpr nitrate. HaV|ng count for the various interferences of different species. This
done so, one can convert the measured ion currentinto a Masg, cedure is described in detail by Allan et al. (2003b). As an
concentratiorCs by the following equation: example, a mass spectrum averaged over the whole MINOS

1 MWno, measurement period is shown in Fig. 1. We illustrate the con-
Cs = RSIENO NAO Doy, (1) cept using the peak at/z=18: It is composed of ionic sig-

3 nals from air, water, sulfate and organic molecules. The con-
where ) I is the sum of the ion current of the fragment tribution of air molecules is inferred from the isotopic ratio of
ions originating from the parent ior,Eno, iS the ioniza-  oxygen {80™), the sulfate contribution is inferred from the
tion efficiency of nitrate inferred from the calibration proce- laboratory fragmentation pattern (intensitiesnfz=48 and
dure, Q is the volumetric sample flow into the AMB Wno, m/z=64 multiplied by 0.67), and so is the organic contribu-
is the molecular weight of N§ N4 is Avogadro’s num-  tion (equal to the organic contribution t@/z=44, which in
ber and Ry is the inverse of the relative ionization effi- turn has to be separated from the gas phasg @@tribution
ciency per unit mass of the species compared to the measurdd that peak.) The rest of the intensitymafz=18 is attributed
I Enos/M Wno, (Allan et al., 2003a, b; Alfarra et al., 2003). to water. In the mass spectrum displayed in Fig. 1, the signals
If the mass concentrations of the individual species are calcutrom air molecules have been excluded for clarity. Similarly,
lated without the relative ionization efficiency correctiBg, the isotopic ratios of sulfur leads to the small sulfate peaks at
we refer to "nitrate equivalent” mass concentrations. Sincem/z=50 and 66 (4.62% of the sulfate contributiomgtz=48
the ionization efficiency of nitrate is determined only from and 64, respectively).

www.atmos-chem-phys.org/acp/4/65/ Atmos. Chem. Phys., 4, 65-80, 2004
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Fig. 1. Aerosol spectrum measured with the AMS, averaged over the whole sampling time span (17-23 August 2001). The contributions of
the individual compounds to the peak heights are denoted by the colors. The peaks are scaled to the nitrate equivalent concentration. Fo
details see text.

2.2 The single patrticle laser ablation time-of-flight masstrate equivalent mass”, as explained in section 2.1.2. The
spectrometer (SPLAT) contributions of the individual compounds to the peaks are
denoted by the color scheme. This average spectrum clearly
The SPLAT instrument was developed byBher (2002) and  shows that ammoniumi{/z=15, 16, 17) and sulfate signals
Wollny (2002) for aircraft-based bipolar analysis of single (m/z=32, 48, 64, 80, 81, 96) are dominating. Fragments of
particle composition of particles with diameters larger thansulfate ions also contribute #a/z=16, 17, and 18. Signals
200nm. The design follows the proposal of Marijnissen etfrom various organic fragments (e.@./z=27, 29, 43, 44)
al. (1988) and implements both aerodynamic sizing (Pratheare also present, but to a much lesser degree, while nitrate
et al., 1994) and simultaneous bipolar analysis of a singlgm/z=30, 46) is almost negligible. Water signals are de-
particle (Hinz et al., 1996). tected, too #:2/z=17, 18), but can not be quantified at the
The particles are transferred through a capillary (260  present state of AMS instrumental characterization.
inner diameter) and a differentially pumped system into the
vacuum chamber. The formed particle beam crosses tw@.1 Time series measurements
Nd:YAG laser beams both with wavelength 532nm. The
scattered light is detected by two photo multiplier tubes.Figure 2 shows the number density of aerosol particles with
The measured velocity depends on the aerodynamic diamdiameter larger than 3 nm for the whole MINOS time period
eter (continuum conditions inside the capillary) and is used(1 August 2001-23 August 2001). The plot includes two
to trigger a pulsed ArF excimer laser with a wavelength of data sets, both of which were obtained with a TSI conden-
193nm. The emitted UV-pulse hits the particle, ablates itsation particle counter model 3025, one sampled air at the
and ionizes the fragments in the ion source region of a bipo-container site of MPI/FZJ, the other was operated at the me-
lar linear time-of-flight mass spectrometer (TOF-MS). Neg- teorological station on the hilltop. Most of the time both data
ative and positive ions are separated and mass selected in tisets agree well, with the exception of an episode between 20
TOF-MS. and 22 August, when the hilltop CPC detected markedly less
particles than the container CPC. The reason for this discrep-
ancy is most likely instrumental (e.g. water contamination
3 Results and discussion of the working fluid of the CPC), since the comparison be-
tween AMS and MOUDI days yielded good agreement for
Figure 1 gives an average mass spectrum measured with thtbese days (see Fig. 11). Generally the good agreement be-
AMS, averaged over the whole sampling time span (17 Au-tween the two CPCs indicates that the horizontal and ver-
gust 2001-23 August 2001). The peaks are scaled to “nifical distance between the two statioms300 and~30m,

Atmos. Chem. Phys., 4, 65-80, 2004 www.atmos-chem-phys.org/acp/4/65/
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Fig. 2. Total particle number densityD(>3 nm) measured with two TSI 3025 condensation particle counters, one inside the MPI/FZJ
container, the other (as part of the diffusion particle sizer) at the station at the hilltop. The particle concentration levels range between 2000
and 6000 particles/cﬁ,]which is very high for a remote region.
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Fig. 3. Time series of the aerosol mass loading of sulfate, nitrate, ammonium, and organics, measured with the aerosol mass spectromete
(AMS). Note that the time axis has gaps during the nights, since the instrument was only operative during daytime.

respectively) were small enough to ensure that both stationsore, the high temperatures between 22 antC3do also
sample in the same air mass. prevent the formation of ammonium nitrate. The largest vari-
ations can be observed in the sulfate concentrations. The val-
The AMS was operational between 17 August and 23 Au-yes range between 2 and Ag/m®, with smallest values on
gust 2001. Figure 3 gives the time series of the mass concent7 August and 18 August 2001. These sulfate values repre-
trations of sulfate, nitrate, ammonium and the total “organ-sent non-sea-salt sulfate, since the AMS does not collect the
ics” fraction. Here the “organics” fraction is defined as all coarse mode particle&2,m) which contain by far most
signals that can not be attributed to the known inorganic subof the sea salt mass. The contribution of sea salt particles to

stances like sulfate, nitrate, water, ammonium, and chloridethe fine mode p <2,.m) was found to be only 1% (Lelieveld
The most abundant aerosol component is sulfate, followect al., 2002).

by ammonium and organics. The nitrate content is very low.

This finding is most likely due to the high acidification of = The correlation of sulfate and ammonium is investigated
the aerosol, which means that all ammonium is neutralizedmore closely in Fig. 5. The dashed line represents the ra-
by sulfate and no ammonium nitrate can be formed. Furthertio of ammonium and sulfate for pu®H4)2S0O4. On days

www.atmos-chem-phys.org/acp/4/65/ Atmos. Chem. Phys., 4, 65-80, 2004
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with low (NH4)2SO4 concentrations (17, 18, and 20 August), sured on 21 and 22 August is due to emissions from fossil
it appears that all sulfate can be neutralized by ammoniumfuel burning north of the Black Sea.
On days with higher sulfate concentrations, there is excess
sulfate (22 August, and to a lesser degree also 19, 21, an8.2 Size distributions
23 August) which means that the aerosol is acidified and, as
mentioned above, no ammonium nitrate can be formed. The aerosol size distributions on selected days, measured
Backward trajectories have been calculated with HYS-with various instruments, are shown in Fig. 7. During a fly-
PLIT4 (Draxler and Hess, 1997) using FNL data (Stunder,by of the Israeli research aircraft “King Air” on 9 August
1997). Figure 6 shows the 6-day backward trajectories for2001, a comparison of the ground based instruments (two
the time span of the AMS measurements (17-23 AugusiOPCs inside the MPI/FZJ container and the diffusion parti-
2001). The air masses sampled at Finokalia arrived fromcle sizer on the hilltop) and two aircraft-based instruments
the North and have travelled over the Aegean Sea for a tim¢one PCASP and one FSSP-100) was performed (top right
span ranging between 12h and 3 days, but have crossedpanel in Fig. 7). This comparison yielded good agreement
part of Greece and Turkey, and also the Black Sea. If thebetween the instruments. Apparently no major features in
aerosol originates from anthropogenic emissions it must havéhe size distribution structure between 200 and 270 nm were
spent a considerable time in the atmosphere and may havmissed by the gap between the DPS and OPC size ranges.
become processed by photochemistry. The vertical history oDuring the whole measurement period, the maximum of the
the air parcels (lower panel) indicates that the air masses omerosol number density (about“dn—23) was observed in
21 and 22 August originate from close to the ground, whilethe accumulation mode between 100 and 200nm. Only
on the other days, the arriving air masses have descendeéw particles €100 cnt3) were detected below 10 nm, from
from higher above. Most likely the high sulfate content mea-which we conclude that no nucleation took place. Only on

Atmos. Chem. Phys., 4, 65-80, 2004 www.atmos-chem-phys.org/acp/4/65/
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20 August and 21 August 2001, the number density below [ [ [ Levvvnvns |
10 nm reaches higher values of about 10008mOn these
days, the air masses have spent more time over the Greek
continent than over the Aegean Sea. (The corresponding tra-
jectories to the measurement days in Fig. 7 are displayed in
Fig. 8.)

The coarse mode extends up to abouptd The upper 50
detection limit of the ground based OPCs wag®, and that
of the FSSP-100 is 16m.

Figure 9 gives the mass size distribution of sulfate, mea-
sured with the AMS, averaged over the whole measurement
period (17-23 August 2001). The calculated inlet transmis- 40
sion function is also given (Jayne et al., 2000). The sul-
fate size distribution has its peak at a modal diameter of ca.
550 nm, and the upper side of the distribution falls into a re-
gion where the transmission is below 100%. However, the
calculated transmission function is regarded to be too un- 4, .
certain to use it to correct the measured data. The sulfate prrTTTTT AR prorrrree prerTrree '

A
== 17 Aug 2001
—— 18 Aug 2001
=~ 19 Aug 2001
20 Aug 2001
21 Aug 2001
22 Aug 2001
—— 23 Aug 2001

Latitude (°N)
T T N S T T T A T T T T T T M S N T T S S T A S S A |

size distribution can be approximated with a lognormal fit 0 10 Longnﬁge CE) %0 40
(Do=526 nm,c=0.47) which is also shown. 6 — 7 g 2001
Figure 10 shows the comparison between volume size dis- — 18 Aug 2001
tributions measured with the DPS, the OPC and the totalg 71 — 2 ﬁﬂg 2001
mass size distribution measured with the AMS obtained on N g; 233 gggl

23 Aug 2001

essure

two days, 20 August 2001 (10:36-16:36 local time) and 21
August 2001 (11:45-17:45 local time). All 3 data sets have & -
only been measured simultaneously on these days. The dif- - | ——

fusion particle sizer measures the diffusive diameter, which L
. . . . . -144 -120 -96 72 -48 -24 0
is equal to the volume equivalent diameter if the particles are Hours before arrival

spherical. The optical particle counter is calibrated using the

refractive index of PSL parti_cles (_1.59). Since the refractive Fig. 6. 6-day backward trajectories for the time span between 17
index of the measured particles is not known and calcula-ang 23 August 2001, calculated with HYSPLIT using the FNL
tions of new size calibration functions for the geometry of the dataset. Ending point is Finokalia at 12:00. Upper panel: Hori-
PALAS OPC are under way but are not available yet, we didzontal history (crosses indicate 12 h traveling time), lower panel:
not apply a correction to the size distribution measured withvertical history.

the OPC. We fitted a three-modal lognormal distribution to

both the DPS and OPC data sets. These fits indicate an accu-

mulation mode with a modal diameter of about 100 nm and athe Cunningham slip correction. In the AMS inlet, the accel-
coarse mode with a modal diameter Of[m on 20 August eration of the particleS occurs in the free molecular regime.
and 65Lm on 21 August' respective'y_ The third mode be- Stokes’ |a.W, which is valid Only in the continuum I’egime,
tween the accumulation and coarse mode is smaller and pla§an be extended by the Cunningham correction into the free
only a minor role. On 20 August the volume concentration of Molecular regime (Allan and Raabe, 1982), whétgD)

the accumulation mode is larger almost by a factor of threePe@comes proportional to the inverse of the particle diame-
than on 21 August. ter D. Thus, the so-called “vacuum-aerodynamic diameter”

The size distributions measured by the AMS have beenPva Was introduced (Jimenez et al., 2003b):

recalculated to volume equivalent diameter. The relation be- pp 1
tween the volume equivalent diametBy, and the aerody- Dva=Dv%; ()
namic diameteD,, in the continuum regime is (McMurry et
al., 2002; Hinds, 1999): Defining an effective density
P
Peff = 2, 4)

1 Ce(Dy) X
D.=D Pp 2 Eclh) 2) L .
TN po x Co(Dy)’ which includes the dynamic shape factor, we can match the

AMS distribution to the accumulation mode measured with
wherep,, is the density of the particlgyp the density of wa-  the two other instruments. We applied an effective particle
ter (Lgcntd), x is the dynamic shape factor, add(D) is  density of 3.2gcm® on 20 August and 2.4gcni on 21
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Fig. 7. Number size distributions measured with the Diffusion Particle Sizer (DPS, TSI-3040) and the Optical Particle Counter (OPC,
PALAS PCS2010), during selected days of the campaign. On 9 August 2001, a comparison with two aircraft based instruments (PCASP,
FSSP) during a fly-by of the Israeli King Air research aircraft was performed (top right panel). LT: Local time

August. This effective density refers to the whole aerosolmay be due to a density distribution of the aerosol ensem-
particle, including the refractive and non-refractive material ble. The difference in the volume concentration of the accu-
and can therefore be larger than the density of non-refractivenulation mode between the two days suggest that different
aerosol compounds analyzed by the AMS. The broader shapair masses and aerosol types were sampled on the two days.
of the mass distribution compared to the volume distributionAlso, the relative humidity on 20 August was 68% while it
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Hours before arrival 66 nm at standard conditioni#?OOC aqd p=1013 hPa).
The result for the aerodynamic diamefgy is:

Fig. 8. 6-day backward trajectories corresponding to the measure- 50
ments displayed in Fig. 7. D,= |—x Dy, K (6)
p
with
was only 32% on 21 August. Since the mass of sulfate and
ammonium that are found in the accumulation mode is al- o1 G202 + 21 Dyy
most the same on the two days, the remaining particles of = _ﬂ + |1+ - yp2 @
20 August must have been composed of other material, e.g. V oy X P ppva

organic or refractory material. Defining the effective density as above Eq. (4), we can
Figure 11 shows the comparison of the chemically speci-match the size distributions by using values for; of 1.2
ated size distributions of the AMS with the results obtainedsg, the time period 17-20 August and 1.6 for the time period
with the MOUDI. The averaging time of the AMS data have 2023 August. This is contradictory to the comparison of the
been chosen to match the MOUDI time resolution (17-20aMs size distributions with the DPS and the OPC (Fig. 9).
August, 20-23 August). Note that the MOUDI measured a reason for this finding can not given at the present state
continuously and the AMS only during daytime. A bimodal of knowledge. The influence of the refractive index on the
lognormal fit was applied to the MOUDI results in order to gjze gistributions measured with the OPC is not expected to
facilitate the comparison of the accumulation mode with theo large enough to have significant influence on the size dis-
AMS data. The size distribution measured by the AMS hasiputions in Figs. 7 and 9. Between 17 and 20 August, the
been transformed to aerodynamic diameter (as measured y|fate measured by the AMS amounts to 83% of the sulfate
the MOUDI) using Egs. (2) and (3) with the approximation measured by the MOUDI, and the AMS ammonium amounts
for the Cunningham slip correction for the transition regime 15 9194 of the MOUDI ammonium, while between 20 and
as given by Jimenez et al. (2003b): 23 August, these ratios were 80% (sulfate) and 71% (am-
monium). These values refer to particles with aerodynamic
2 diameters smaller than 1.6n. This underestimation by the
C.=1+ ¢E’ (5) AMS may be explained by the decreasing transmission for

www.atmos-chem-phys.org/acp/4/65/ Atmos. Chem. Phys., 4, 65-80, 2004



74 J. Schneider et al.: Online mass spectrometric aerosol measurements

i L Lol L L Lol 30 1 L I R L L Lol L L Lol 30
140 ] 20 August 2001, 10:36-16:36 LT|[ 140 ] 21 August 2001, 11:45-17:45 LT | [
] o DPS [ ] o DPS [
4 + PCS2010 [ B + PCS2010 [
120 3-modal lognormal fit r2s 120 1 3-modal lognormal fit r2
1 = AMS Sulfate + Ammonium || 1 — AMS Sulfate + Ammonium
= 100 4 & % 100 ] Loo &
5 E 5 - E
1 o
] 3
§ - 2 § e — S
= ] o = r15 0O
[a)] ] =) [a)] r =]
8 60 2§ w0l 3
§ 60 ] § § 60 ] L s
r 10
= T 3 7 a

N
o
1

N
o o
} L
o
n
o o
T T Bt
ﬁ%\

0.1 1 10 0.1 1 10
Volume equivalent diameter [um] Volume equivalent diameter (um)

Fig. 10. Comparison between volume size distributions measured with the DPS, the OPC, and the sum of the sulfate and ammonium mass
size distributions measured with the AMS. Left panel: 20 August 2001, right panel: 21 August 2001. Only for these days all 3 data sets have
been measured simultaneously. The volume distributions measured by the DPS and the OPC can be reproduced by a 3-modal lognormal fi
To match the AMS distribution with the other data, an effective density of 3.2 and 2.4, respectively has been applied.

particle with diameters larger than 6Qén (see Fig. 9). How-  ously be identified as signatures of certain types of organic
ever, as mentioned above, since the transmission function iparticles, e.g.A=0, 2: traffic related aerosolrA=3: oxy-
only calculated and not quantitatively measured yet, we dogenated aerosolh = —3... — 7: aromatics (Drewnick et
not intend to correct the data with this transmission function.al., 2003). The present data have been analyzed by this tech-
The accuracy of the filters used by the MOUDI is not high nique in a day-by-day basis. The results are given in Fig. 12,
enough to detect nitrate in these small amounts, as indicatedhere the relative contribution of eagh-group to the total
by the error bars. The AMS can not detect the nitrate con-organic fraction for each day is displayed. It can be clearly
tained in particles with diameters larger than abougihba  be seen that the-group 3 is the largest, but th&-groups
fact that makes both methods complementary to each othefl and 2 play a significant role as well. Oxygenated organic
The single mass spectrometer SPLAT, which is able to detecaerosol compounds are thought to be formed either by photo-
particles larger than Am, is not quantitative and will also chemically processed precursor gases or directly by biomass
benefit from an additional size selective, quantitative methodburning. Sciare et al. (2003b) conclude that 2/3 of the or-
ganic carbon in the aerosol originates from biomass burning.
3.3 lon series analysis of the organic compounds On the other hand, it can not be ruled out that a large fraction
of the aerosol precursor gases originates from South-East
Although the “organics” fraction of the AMS can not be re- Europe and has been photochemically processed during the
solved into specific components, it is possible to retrieve in-travel over the Mediterranean Sea. It is very likely that both
formation about certain groups of organic species, by meansources (pollution from Eastern Europe and biomass burn-
of the so-called ion series analysis, sranalysis (McLaf-  ing) contribute to the high aerosol number density measured
ferty and Turecek, 1993). For this technique it is assumecdduring the campaign. The fact that thegroups 0 and 2 are
that the organic molecules consist of a functional group Ralso present suggests that these groups are not only an indi-
with CH; chains attached. Fragmentation is assumed to leadator for traffic, but also for industrial emissions in general.
only to the strip-off of CH units. Hence, the mass peaks at
which the fragments appear are a function of the functional The ratio of A-group 3 toA-group 2 is high on 18, 20,
group, and fragments separatedmyz=14 can be classified 21 and 23 August 2001, while it is lower on 17, 19, and
into oneA-group. 22 August 2001. The backward trajectories (Fig. 6) reveal
The A values are defined as=peak mass—14n+1, with that the air masses that arrived at Finokalia on 17, 19, and
n being the maximum possible number of Carbon atoms re23 August descended from higher altitudes, but this does not
maining on the functional group. The applicability of this correspond completely to the days with a I&v@ to A2 ra-
technique to aerosol mass spectrometer data has been showo. Another finding is that the air masses that arrived at Fi-
by Drewnick et al. (2003). Certain-groups could previ- nokalia on 20 and 21 August 2001 have travelled a longer
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Fig. 11. Comparison between size distributions of individual chemical components of the aerosol particles between AMS and MOUDI. Left:
Average 17-20 August 2001; right: average 20 August—23 August 2001. To match the AMS distribution with the MOUDI data, an effective
density of 1.2 and 1.6, respectively, had to be applied.

distance over the Greek continent than over the Aegean Seanalyzed days (1.310.12). If this finding is somehow re-
As already mentioned in Sect. 3.2, these differences in thdated to the air mass history and the higher number density
geographical origin is reflected by the size distribution of of small aerosol particles, can not be answered definitely. For
these two days (Fig. 7): The number concentration on thecomparison of the\-analysis results with previous measure-
lower end of the distribution is higher on 20 and 21 August ments, Drewnick et al. (2003) found a ratio betweegroup
2001 (between 100 and 1000 ch) while on the other days, 3 and 2 of about 0.7 during a field study in New York City
there are only below 10-100 crh in this size range. The where it is not surprising that traffic related organics aerosol
ratio betweemA-group 3 and 2 is larger (1.68.15) on av-  is dominating.

erage on 20 and 21 August than the average on the other
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Fig. 12. lon series analysis of the organics fraction measured with the AMS. The dominretingup isA=3 for all days, supporting the
conclusion that the aerosol particles contained oxygenated organics which are an indicator for biomass burning or aged aerosol.

3.4 Comparison of mass concentrations Fig. 9) decreases from 100% at about 600 nm down to about
10% at 1.2um, which means that the AMS measures only

Average mass concentrations of the individual componentéheﬁ”e mode aerosol, but will underestimate slightly the fine
measured with the AMS, the MOUDI, and the IC analyses 0fmode mass. For the first sample time interval, the values for
the quartz filter samples are given in Table 2. For details ofSUIfate qnd ammonium agree vyithin their error Iimits. For the
the MOUDI and filter analyses see Sciare et al. (2003b). Thesecond interval, the MQUDI yuézlds markgdly higher values
AMS and filter data have been averaged over the MOUDIfor sulfate and ammonium (33% and 32% compared to the

sampling intervals: 17 August 2001, 16:45-20 August 2001,AMS’ respectively). Howgver, it .has to t?e considered that
9:30, and 20 August 2001, 11:15-23 August 2001, 13:15_the AMS was only operative during daytime and therefore

Only fine mode dataly<1.2,:m) were considered for the the AMS data do not represent exactly the same averaging
MOUDI and filter data. The AMS inlet transmission (see intervals as the MOUDI and filter data. The IC results from
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Table 2. Comparison of fine mode<(1.2um) mass concentrations measured with different techniques: mass spectrometer, MOUDI and
filter with GC analysis. The AMS data and the filter data have been averaged to match the MOUDI sample periods. Note that the MOUDI
and filter analyses included more compounds than sulfate, nitrate, and ammonium, which are not shown in this table. For details of the
MOUDI and filter results see Sciare et al. (2003b).

Mass concentratiom(g/rr?) AMS MOUDI Filters
17-20 August 2001

Sulfate 3.7%1.23 3.61#0.11  6.331.90
Ammonium 1.120.25 0.990.11  2.1@0.65
Nitrate 0.16£0.004 0.00&0.11  0.08:0.03
Organics (sum) 1.320.16 - 5.640.58
Total 6.241.27 12.4%0.11 16.6%3.19
20-23 August 2001

Sulfate 462057 6.180.09  7.952.83
Ammonium 1.230.07 1.620.09 2.41%#0.65
Nitrate 0.08:0.01 0.00%0.09 0.09:0.06
Organics (sum) 1.050.09 - 5.320.26
Total 6.99£0.58 16.360.09 18.8%3.72

the filters samples yield a markedly higher content of ammo-MINOS campaign). Very good agreement for black and to-
nium sulfate for both sampling intervals compared to bothtal carbon concentrations was obtained between the quartz
the AMS and the MOUDI. All three methods agree that the bulk filters and the DEKATI cascade impactor samples which
nitrate content was about Qub/m?. The sum of organics have been collected throughout the campaign (Sciare et al.,
measured by the AMS and obtained from the filters differs2003c). The slope close to 1 found between the two sampling
markedly: The AMS yields only 20-25% of the filter results. techniques — with all data points lying within a 10% errors in
We assumed that the organic aerosol was externally mixeanass concentrations — suggests that sampling artifacts, which
with the sulfate aerosol and therefore used a collection efare not corrected by the pre-treatment ét®0did not affect
ficiency of 1 (see Sect. 2.1.2 and Table 1). If the organicsignificantly the whole organic carbon mass concentration of
aerosol would also be sampled with an efficiency of 0.5, thethe samples. Such conclusion reinforces the ability of the
calculated organic mass concentrations have to be multipliedneasurements to be used for the mass closure experiments
with a factor of 2. However, if the organic aerosol and the of sub micron aerosols as performed by Sciare et al. (2003c)
ammonium sulfate aerosol were internally mixed, the collec-during the MINOS campaign.

tion efficiency would probably be higher than 0.5 since the

particles will be less irregular shaped than pure ammonium

sulfate crystals. Furthermore, it is conceivable that the ion-
ization efficiency of individual organics in the AMS is not
known well enough. As described in Allan et al. (2003a), the
relative ionization efficiency of organic substances varies for
different types of organics in a range of 0.5t0 0.7.

Comparison of the total mass concentrations of the non-
refractory aerosol detected by the AMS and the total aerosol
mass measured by the MOUDI and the filters yields ratios
o ) ] between 0.37 and 0.5. This ratio of non-refractory mass and

Summarizing, the organic mass concentration measuregha| aerosol mass lower than that observed by Drewnick et
by the AMS might have to be corrected by an unknown fac-5 (2003) who measured a fraction of about 64% detected
tor between 1 and 2. St|!|, a fact_or of 2 would lead only to \ith the AMS during a campaign in New York City. This
an measured AMS organics fraction of 40-50% compared tq,ngetected mass does most likely consist of refractory mate-
the filter results (Table 2). rial, e.g. mineral dust or black carbon, which does not evapo-

It might be conceivable that the filters sample some frac-rate at the heater temperature. However, Sciare et al. (2003b)
tion of the gas phase organic as well as particulate orfound that black carbon contributed only 22% to the total car-
ganic. Such artifacts due to the absorption of gas-phase obon (12—23 August 2001), while it would require about 68%
ganic compounds on the sample substrate were minimizetb close the mass balance in Table 2. Other refractory mate-
by heating filters for 20min at 6C prior to the 2-step rial, like mineral dust and fly ash, contributed only to about
thermal/thermo-optical analysis. However, such artifacts do10% of the fine aerosol mass (Lelieveld et al., 2002). Thus,
not impact significantly the determination of the light absorb- the large difference between the mass measured and the filter
ing material of the aerosol (one of the major concerns of thesampled remains unresolved.
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Fig. 13. Two mass spectra obtained with the SPLAT instrument on 13 August 2001. Upper panel: sea salt particled(Nas&R.9um;
lower panel: mineral dust particl®eo=2.1um.

3.5 Single particle analyses of the large particle fraction of Na,Cl™-cluster in mass spectra of laser ablation of NaCl-
particles. The remaining mass spectra could not be clearly
identified. Possible components include ammonium sulfate

The single particle mass spectrometer (SPLAT) was operyy soot. The SPLAT measurements indicate that during the

ated during the MINOS campaign in a preliminary state of oheration time most of the analyzed particles in the coarse

development. A detailed discussion of the instrumental chary,ode were mineral aerosols. This conclusion agrees with
acteristics, data extraction and first results is carried out inpe results from the MOUDI and the IC analysis of the fil-

Wollny (2002). During almost 10 h operation time on several tor samples, which yielded 46% dust and 25% sea salt/nitrate

days 1062 single particles were detected. A small fraction Of(MOUDI), and 42% dust and 36% sea salt/nitrate (filters).

these particles (size range between 1 apdr§ was hit by These dust particles have been found to be not of local but
the ionization laser. Mass spectra of positive ions have beepainly regional origin (Sciare et al., 2003c).

obtained for 57 single particles. The detector for the negative

ions could not be operated successfully due to a high voltage

power supply failure. Most of the particles (51) contained 4 Summary and conclusions

elemental ions from mineral aerosol in the mass spectra, like

Ca', AT, Fer, NiT, Co™, and partly also Na and MgF. A We have measured microphysical and chemical aerosol prop-
typical mass spectrum from this “mineral aerosol” group is erties with various analytical methods: mass spectrometers,
displayed in the upper panel of Fig. 13. Only two particles filter samples, optical particle counters, nucleation particle

have led to spectra that could be interpreted as sea salt pacounters, and a diffusion sizer during a field study in the East-
ticles. One of them is shown in the lower panel of Fig. 13. ern Mediterranean. The Aerosol Mass Spectrometer (AMS)

Kievit (1995) has shown in laboratory studies the presencdound the non-refractory fine mode aerosol (with diameters
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smaller than about Am) to be composed of 77-84% ammo- and quantitative methods that rely on filter samples. It is en-

nium sulfate and between 15 and 21% organic material. The&eouraged to use a combination of instruments as it was used

nitrate content was below 2%. The non-refractory aerosolduring MINOS for future aerosol studies.

components made up to between 37 and 50% of the total
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