N
N

N

HAL

open science

Size-segregated aerosol mass closure and chemical
composition in Monte Cimone (I) during MINATROC

J.-P. Putaud, R. van Dingenen, A. Dell’Acqua, F. Raes, E. Matta, S. Decesari,

M. C. Facchini, S. Fuzzi

» To cite this version:

J.-P. Putaud, R. van Dingenen, A. Dell’Acqua, F. Raes, E. Matta, et al.. Size-segregated aerosol mass
closure and chemical composition in Monte Cimone (I) during MINATROC. Atmospheric Chemistry

and Physics, 2004, 4 (4), pp.889-902. hal-00295450

HAL Id: hal-00295450
https://hal.science/hal-00295450
Submitted on 18 Jun 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00295450
https://hal.archives-ouvertes.fr

Atmos. Chem. Phys., 4, 889-902, 2004 y —* .
www.atmos-chem-phys.org/acp/4/889/ Atmospl‘]erlc
SRef-ID: 1680-7324/acp/2004-4-889 Chemlstry

and Physics

Size-segregated aerosol mass closure and chemical composition in
Monte Cimone (l) during MINATROC

J.-P. Putaud!, R. Van Dingenert, A. Dell'Acqual, F. Raeg, E.Matta?, S. Decesaf, M.C. Facchini?, and S. Fuzzf

1European Commission, Joint Research Centre, Institute for Environment and Sustainability, Ispra (Va), Italy
2Consiglio Nazionale delle Ricerche, Istituto delle Scienze dell’ Atmosfera e del Clima, Bologna, Italy

Received: 16 April 2003 — Published in Atmos. Chem. Phys. Discuss.: 29 July 2003
Revised: 13 February 2004 — Accepted: 21 May 2004 — Published: 21 June 2004

Abstract. Physical and chemical characterizations of the at-1 Introduction

mospheric aerosol were carried out at Mt. Cimone (ltaly)

during the 4 June—4 July 2000 period. Particle size distri-Due to the short atmospheric lifetime and complex chem-
butions in the size range 6 nm—én were measured with ical composition of atmospheric aerosols, their global dis-
a differential mobility analyzer (DMA) and an optical parti- tribution shows large regional differences and their radiative
cle counter (OPC). Size-segregated aerosol was sampled ugroperties are poorly known. As a consequence, the radiative
ing a 6-stage low pressure impactor. Aerosol samples wergorcing by aerosols is the most uncertain, the most heteroge-
submitted to gravimetric and chemical analyses. lonic, carneous, and susceptible to the fastest changes (IPCC, 2001).
bonaceous and refractory components of the aerosol wergery little is still known about the aerosol forcing related
quantified. We compared the sub- and syper-aerosol  to the effect of particles on the size and number of cloud
mass concentrations determined by gravimetric measuredroplets. Not even best estimates of the current forcing by
ments (nga), chemical analyses (f), and by convert-  mineral dust can be given (IPCC, 2001). The parameters
ing particle size distribution to aerosol mass concentrationgontrolling the aerosol direct and indirect radiative forcing
(mgp). Mean random uncertainties associated with the decan be calculated from the aerosol composition as a function
termination of gy, mc4, and nyp were assessed. The of the particle size. Ideally, single particle size, composi-
three estimates of the sybm aerosol mass concentration tion, (and shape) should be determined. Recently developed
agreed, which shows that within experimental uncertainty,instruments based on aerodynamic sizing and time of flight
the subxm aerosol was composed of the quantified com-mass spectroscopy are able to size and analyze on-line par-
ponents. The three estimates of the syper-aerosol mass ticles ranging in size from a few tens of nm to a feun
concentration did not agree, which indicates that random unf{e.g. Carson et al., 1997; Ge et al., 1998). However, obtain-
certainties and/or possible systematic errors in aerosol saning quantitative measurements is still challenging (Murphy
pling, sizing or analyses were not adequately accounted foret al., 1998). An alternative is to measure simultaneously but
Aerosol chemical composition in air masses from differentindependently the aerosol size distribution, chemical com-
origins showed differences, which were significant in regardposition and mixing state. The consistency of the various
to experimental uncertainties. During the Saharan dust adneeded complementary analytical techniques can be evalu-
vection period, coarse dust and fine anthropogenic particleated by closure experiments.

were externally mixed. No anthropogenic sulfate could be  Thjs work focuses on the size-segregated aerosol chemical
found in the supepsm dust particles. In contrast, nitrate was composition observed during the first MINATROC (MIN-
shifted towards the aerosol supem fraction in presence of  era| dust And TROpospheric Chemistry) field experiment
desert dust. at Mte Cimone, Italy (2165ma.s.l.). We investigate how
well the aerosol mass can be described as a mixture of the
measured organic and inorganic aerosol components in the
sub- and superm aerosol fractions. For this, we compare
the aerosol size-segregated mass concentration determined
from gravimetric measurements ) with the aerosol vol-
Correspondence tal.-P. Putaud ume calculated particle size distribution measurements, from
(jean.putaud@jrc.it) which we derive the aerosol mass estimatgmrlhe aerosol
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size-segregated mass concentration determined from chen®00 L/min) and for several days or night using a virtual im-

ical analyses (4) is compared to iy and myp. The pactor built at the Joint research Centre (JRC) based on Loo

uncertainties associated with each of the methods are quantand Cork’s (1988) design. At the flow rate of 20.0 L/min

fied, and the differences between these independent estimatesed during this experiment, the virtual impactor’s 50% cut-

compared to these uncertainties. off is 1.50+0.1 um aerodynamic diameter. The Hi-Vol sam-
This mass closure experiment allows us to determinepler was loaded with ashless cellulose filters (Whatman 41).

whether in various synoptic situations the aerosol chemicallhe virtual impactor sampled on pre-fired quartz fiber filters

composition changed significantly with regard to the uncer-(Schleicher & Schuell QF20).

tainties. In particular, we describe the changes in aerosol

anthropogenic components’ size distribution in a long-range2.2.2  Analyses

transported desert dust plume.
Low-pressure impactor stages 1-5 were analyzed. The half
foils of aluminum were used for gravimetric measurements

2 Experimental set-up of samples collected during the 17/06-04/07 period and
] for the analysis of organic carbon (OC) and black carbon
2.1 Site and meteorology (BC) in samples collected over the whole campaign period.

hey were weighed with a micro-balance (Sartorius, MC5)
RH=23t3% and T=24-1°C (Putaud et al., 2000). The
) . mass of carbon collected on the aluminum foils was de-
10042.'5’ ]?tlr?Smal[i.l.). AMTC s Iocatedd on the hlghlest termined using a thermal method (Evolved Gas Analysis,
summit ot Ihe ‘Northeérn Apennines, and experiences .OngEGA),where samples are exposed successively to 5 increas-
range transport of air masses from Europe, the Medlter-ing temperature plateaus up to 880in an oxygen-free car-

ranean basin, and Africa, with on average 5 major dust out-. . . .
. . h -rich
breaks per year (Bonasoni et al., 1996). Ancillary mea_rler gas, and then in an oxygen-rich carrier gas at 6502250

surements include meteorology, ©@nd Qs (Bonasoni et (Putaud et al., 2000). The carbon evolved at6bC°C in
) T = He is defined as OC but contains also carbonate, and the
al., 1996, 2000). During the experiment, hourly mean tem- : I o !

; ind d and relative humidit 4005 fraction evolved at 3650°C in the oxidizing carrier gas is
(przl;]agzri—vi/&) sgeg m zﬂ (:2?9';@ 1_‘;?;1'3{)”2;%987 4%‘ expected to be black carbon (BC). It appeared that the phe-

(range 1-100%), respectively. Numerous parameters sucEomenon of charring was particularly acute when analyzing

relative humidity, C@concentration and standard devi amples collected on aluminum foils. The amplitude of the
as refative hu y, Lgconcentration and stangard devia- charring effect was assessed over 20 samples collected with
tion, aerosol absorption coefficient (B) indicate that dur-

ing the Minatroc campaign, MTC was reached from aboutthe same Berner impactor at the same place at MTC in Au-
8:00 to 21:00 UTC by air masses coming from low altitude gust 2001. Each sample was divided into two half foils, one

and therefore possibly affected by local pollution. For in- of which was exposed at 340 for 2h in an oxidizing car-

. . rier gas (He:@ 80:20). This thermal treatment was shown to
stance, average Q@oncentrqtlon dropped vyh|le Q_C%tqn- . remove most of the OC susceptible to be charred (Cachier et
dard deviation increased during daytime (Fig. 1), indicating

. ) al., 1989). Both half foils were then analyzed using our rou-
that MTC was reached by air masses subjected to the veget%-ne method. BC was determined from the treated aliquot,

gogzgc(gztﬁgrr.n;rls': ddsu(?;ost_r:]e surt]srroergr}wlg dse\:ﬁ;ﬂgigt (())fr nd the difference in OC between the treated and not treated
u Wi using up-siop W P liquot was interpreted as charred OC. The regression be-

low altitude air to MTC. tween the BC masg«g) found on the treated half foil vs. the
2.2 Aerosol mass concentration and chemical compositior}BC mass found 20n the non-treated half foil (Bc4=0.60
BCon—treated; R7=0.97, n=20) was used to correct the BC
2.2.1 Sampling data obtained from the non-treated samples collected during
the Minatroc campaign.
Aerosol was sampled from the terrace of the MTC station Tedlar half foils were extracted in 6 mL of ultra-pure wa-
situated about 3m above ground. Size-segregated aerostgr (Millipore Organex system) and analyzed by ion chro-
was collected at ambient relative humidity over 11-hour pe-matography (Dionex 500) for Na NH, K+, Mg?*, C&™,
riods (10:00-21:00, and 22:00-09:00 UTC) using a low- acetate, formate, methanesulfonate (MSA), pyruvate, Cl
pressure 6-stage Berner impactor (LPI 80/0.05) loaded wittNO, , NOj, 864‘, oxalate and for total water-soluble or-
half foils of aluminum and half foils of Tedlar™. At the ganic carbon (WSOC) with a Shimadzu TOC-5000A ana-
nominal flow rate of 80L/min, the 50% aerodynamic cut- lyzer.
off diameters of this impactor are 0.05, 0.14, 0.42, 1.20, Four quartz filters collected with the virtual impactor were
3.46 and 1Qum for stages 1 to 6, respectively. To accumu- extracted in 6 ml of ultrapure water. The extracts were
late more material, aerosol was also collected through PM1@oncentrated to dryness and recovered with 1 ml of deuter-
inlets on a 12 h basis with a high-volume sampler (Hi-Vol, ated water for HNMR analysis. Spectra were recorded at

The measurements were made between 4 June and 4 Ju
2000 at the CNR Monte Cimone station (MTC,°44’ N—

Atmos. Chem. Phys., 4, 889-902, 2004 www.atmos-chem-phys.org/acp/4/889/
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Fig. 1. Mean diurnal variations in C®concentrations at MTC during the 4 June—4 July 2002 period.

400 MHz in a 5 mm probe, with a Varian Mercury 400 spec-
trometer. A pre-saturation pulse sequence was adopted fol
suppression of the HDO signal (Decesari et al., 2000).

Cellulose filters collected with the Hi-Vol sampler were
used for mineral dust quantification. Aliquots of filters were —_ —
ashed at 600C for 8 h in quartz crucibles after extraction of
water soluble species in mQ™water. The residue, defined as
mineral dust, was weighed using a microbalance (Sartorius,
MC5). Amounts of mineral dust significantly higher than the
blank level (1.6:0.8.g/cn?) were observed in 90% of the
analyzed samples.
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2.2.3 Definition of the aerosol components. 1 R? = 031

Except for NI-I{, NOj; and BC concentrations, which were -

directly obtained from measurements, the main aerosol b —E

components were defined as a combination of the analyzec

species. The regressions betweeh, KMg2t, C&t and 0 rrr

SO;~ on one side and Naon the other side indicate a 0.0 05 . 1.0

common source for Naand Mg at MTC (sea spray) but Imp. nssCa™" (ug/m?)

not for Kt, C&* and SCﬁ‘. The sea salt fractions of K

c&t and S(j_ were calculated from the measured'Na Fig. 2. Correlation between ash (considered to be mineral dust) and

concentrations and a standard sea water composition. Thess C&" in samples collected with a PM10 Hi-Vol sampler and the

were added to the sum of NaMgz-F, CI~ to calculate the cas_cade impactor, respectivgly. Th_e regression observed out and

sea salt component. Clwas not calculated from Nato ~ 9uring the desert dust advection period are shown.

account for possible losses of Clvith respect to sea salt

due to the reaction with acidic species. The sea salt fractions

of K+, C&+ and Sci_ were subtracted to the measured mineral dUSF5.6XnSSCa2+, for non Saharan dust periods

concentrations of K, C&t and SCﬁi respectively, to get (1a)

the non-sea salt fraction of these species (HssesC&™

and nssS@ ). The dust component was obtained from the mineral dust15.0xnssCa?*, for the Saharan dust period

regressions between ns€Caand ash found in the Hi-Vol ~ (1b)

samples. Different correlations were observed betweerwere used to estimate the amount of mineral dust in each

nssC&" and mineral dust for periods with and without stage of the impactor for each period, based on the amounts

mineral dust (Fig. 2). The equations of the regressions: of nssC&". The regression between ns€€and mineral
dust was poorly significant out of the Saharan dust period,

www.atmos-chem-phys.org/acp/4/889/ Atmos. Chem. Phys., 4, 889-902, 2004
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which was taken into account through the large uncertaintywhere @f/dx;) represents the partial derivative ffwith re-

of the regression slope (see next section). Water soluble orspect to x and S(x) is the absolute uncertainty of parame-
ganic matter (WSOM) was derived from measured WSOCter x;. For correlated parameters, such as the various com-
using a mean molecular-to-carbon mass ratio equal to 1.9ponents of sea salt, absolute uncertainties were conserva-
corresponding to the raw molecular formulas for WSOM tively added. Uncertainties for the sybm aerosol range
derived by HNMR functional group analysis (Fuzzi et al., is also the sum of uncertainties for stages 1-3 of the im-
2001). Non-water soluble organic matter (NWSOM) was es-pactor, and uncertainties for the supan range the sum

timated as: of uncertainties for stages 4-5. The main source of uncer-
tainty for the gravimetric method (g,) was the variabil-
NWSOM =1.2(0C - WSOC) (2) ity of the blank masses. For most aerosol components, the

main source of random error is blank variability as well.

reported for urban organic matter (Gray et al., 1986) and Cor_AnaIyticaI piecision is_the Iargest. source of random error
responds to large saturated hydrocarbons. For each sampl%nIy for NH., nssSCﬁ , and BC in the aerosol sybm

the “unknown” fraction was calculated as the difference be-Taction, and for NWSOM in both the super- and suim
tween the aerosol massgy or msp and the sum of the fraction. The large uncertainty in NWSOM dgrlves from
quantified aerosol components-m the fact that NWSOM was calculated as the difference be-

tween two quantities (2), which were for numerous samples
2.2.4 Uncertainties much larger than NWSOM itself. The overall random uncer-

tainty in the determination of the aerosol mass from chem-
The weighing precision was2 g and the standard varia- ical analysis (ra4) was dominated by uncertainties in OM
tion of the aluminum blank foilsc10ug (n=5). The preci- (OM=WSOM+NSOM) and nsssfp for the subgm frac-
sion of OC and BC determination was8%. The uncertainty tion, and by uncertainties in OM and dust for the supenr-
in the slope of the regression between the BC mass froniraction.
the non-treated aliquots and the BC mass from the treated In addition to random uncertainties, systematic errors can
aliquots wast0.03 (95% confidence level). Blank variability occur, related to inaccurate sampling or analytical tech-
for the OC and BC fraction weré1.7 and+0.3ug foil 1, nigues. Aerosol sampling with low-pressure impactors is
respectively (n=15). Uncertainties in ion chromatographysuspected to be affected by negative artifacts, due to the
and WSOC measurements were estimated:§86. The  volatilization of semi-volatile particulate species. During
precision of the water volume used to extract the sampledvinatroc, subum aerosol was collected and analyzed on-
was+0.04 mL. Blank variability for N&, NH;", K+, Mg?*, line at MTC using an artifact free sampler made of a wet
cat, clI-, NO;, 30‘21—, and WSOC were-48, +12, +17, annular denuder (WAD) combined with a steam jet aerosol
+3, +23, 430, £70, +28, and-+200.g L1, respectively collector (SJAC) built by ECN, Pett_en (Keuken et al., 1988;
(n=25). The random uncertainty of the molecular mass-Knlystov etal., 1995). The correlation between the guib-
to-carbon mass ratios were arbitrary set#6.1 for both ~ NOs concentrations calculated from the impactor samples

WSOM and NWSOM, because of the lack of data regardingnd the WAD-SJAC concentrations averaged over the im-
the variability of these ratios. The uncertainty in the slope Pactor sampling time show that the low-pressure impactor

of the regression between ash and n€Gaasses measured did not lead to systematically lower concentrations than the
from the Hi-Vol filters was+2.1 for the 4 June—2 July pe- artife_lct fret_a sampler. This suggests t_hat no significant Ios_s of
riod, and+1.73 for the 3—4 July period (95% confidence sem|—vglat|le compqunds occurred in the. Iow—pressure im-
level). Finally, based on measurements performed later witfPactor in the conditions encountered during this campaign.
an identical impactor, the uncertainty in the sampling flow P'OSSIb|e Io'sses of coarse dust particles into the impactor are
rate was estimated t610%. Tables 1 and 2 show how evolve discussed in Sect. 3.

the relative mean random uncertainties in each aerosol com- 1€ determination of OM concentrations is also affected
ponent and in the mass concentration estimates, Mg, by possibly large systematic errors due to the lack of accu-

and myp, when sources of errors such analyses, blank varifate datg regarding_ the molecular mass-to-carbon mass ratio
ability, conversion from species to aerosol components, an@f 0rganic aerosol in NWSOM, and to the uncertainties in-
air volume determination, are successively introduced. The/0lved by the assumptions needed to interpret HNMR data
law of propagation of errors (3) was used to combine absolC determine the mean raw formula of WSOM. Such system-
lute uncertainties associated with the determination of non&UC uncertainties are very difficult to estimate.
correlated parameters. According to the law of propagation
of errors, the random error S(y) of a variable y calculated as
a function of n non-correlated parametersy<f (x1,. .., %,

.., %), can be approximated by:

The 1.2 molecular-to-carbon mass ratio is the lower limit

S2(y) = ZOf/dxi (X1, .. Xis . X0)S(x0)? (3)

Atmos. Chem. Phys., 4, 889-902, 2004 www.atmos-chem-phys.org/acp/4/889/
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2.3 Aerosol physical properties

2.3.1 Measurements

All instruments sampled from the same PM10 inlet located
at 4 m above the terrace floor. Particle size distributions at
5+5% RH were measured with a 10-min time resolution in
the size range 6—600 nm using a Vienna type differential mo-
bility analyzer (DMA). Particle size distributions for aero-

._§_|

Impactor (Dg<1um)

y = 1.01x + 0.02

dynamic diameters greater than Q3 were measured us- R*=0.83

ing a Grimm 1.108 optical particle counter (OPC). The op- N

tical diameters determined by the OPC are converted to ge-

ometric diameters assuming spherical particles. A tandem- 0 0 1 ) 5 “‘ 5 é ,

DMA was used to measure the aerosol growth factor from

0 to 90% RH at particle diameters of 10, 20, 50, 100 and

200 nm. Aerosol absorption coefficient was measured with

an Aethalometer™(Magee AE-1). Fig. 3. Correlation between supbm NO; concentrations obtained
from stages 1-3 of the low-pressure impactor and the artifact free
WAD-SJAC combination.

SJAC (Dg<1um)

2.3.2 Data processing
3 Results and discussion

Particle number size distributions measured with the DMA3 1 Mass closure
and the OPC agreed well in the overlapping 300—600 hm™*

range (Van Dingenen et al., in preparation, 2§040lume 54 ; Comparison between the aerosol mass concentrations

size distributions were calculated assuming that aerosol par- derived from gravimetric measurements and aerosol

ticles were spheres with a diameter equal to that measured by volume derived from particle size distributions.

the instruments. DMA rather than OPC data were considered

in the 300-600 nm range, but this choice had no significantsych a comparison requires first the conversion of the 50%

influence &1%) on the aerosol volume determination. Vol- aerodynamic cut-off diameters of the impactor operated at

ume size distributions in the size range 6 nmuh® were  ambient temperature to geometric diameters measured in dry

averaged over the impactor sampling periods. conditions in the particle sizing instruments. The aerody-

namic diameter of a particle at ambient relative humidity D

o and its geometric diameter at 0% relative humidity &re

2.3.3 Uncertainties linked by the relationship:

_ . iy Dy =1/GFu x [Da/(da)"*] x [Ce1/Ceal"? @
The possible error in DMA sizing due to the uncertainty in
the air flow rates£5%) are—7, +5% of the particle diam- Wwhere GE and ¢, are the particle growth factor and den-
eter. The comparison with a condensation particle countebity at ambient relative humidity, and €and Cg are the
(CPC) indicates that the uncertainty in DMA counting was Slip correction factors for spheres with diameters &nd
+2% (95% confidence level). According to the manufac- D, xd, Y 2, respectively. Variations in the slip correction
turer, the reproducibility of the Grimm 1.108 OPC in particle factors are significant for particle diameter®.2um only.
counting is+2%. We assumed random uncertainties in par-They were neglected in the conversion from aerodynamic to
ticle sizing to4+10% and+20% out and during the desert geometric cut-off diameters.
dust advection period, respectively. The overall random un- The aerosol density at ambient RH, {ccan be calculated
certainty in aerosol volume determination was controlled byby:
the precision in particle sizing. 3 3

dy = (do+ (GF? — 1)dy)/GF; (5)

where @ is the aerosol density at 0% relative humidity, id

lvan Dingenen, R., Putaud, J. P., and Raes, F.: Physical aeros§1€ density of water (=1.0) and GEhe aerosol growth factor
properties and their relation to air mass origin at Monte Cimoneat ambient relative humidity.
(italy) during the first MINATROC campaign, Atmos. Chem.  Aerosol growth factor at 90% RH (GF) were measured
Phys., in preparation, 2004. continuously at MTC during this campaign (Van Dingenen et

www.atmos-chem-phys.org/acp/4/889/ Atmos. Chem. Phys., 4, 889-902, 2004
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Fig. 4. Correlations between aerosol mass concentratiggob-  Fig 5. Correlation between aerosol mass concentratiogg,m
tained from the Iow-pressqre impactor and aero_sol volume obtalneqred) and g4 (green) obtained from the low-pressure impactor in
from the DMA and OPC in(a) the subum fraction and(b) the  (a) the subgm (b) the superm aerosol fractions out of the Saha-

superpm aerosol fraction out of the Saharan dust event. Data argan dust event. Error bars indicate random uncertainties associated
shown for 3 values of the dry aerosol density (1.0, 1.5, 2.0) consid-yith m; ,, and m- 4.

ered a priori to convert aerodynamic to geometric diameters. The
regression line corresponds to d=1.5. Error bars indicate random
uncertainties associated withgyy and aerosol volume determina-

i RH, and the GF of a mixture can be calculated according to
Ions.

the formula (Virkkula et al., 1999):
GFy=aGFdy, ., ..+ (1—a)GFg , . 6
al., in preparation, 2064. From the Glg values averaged 90 = @G F0scopic + (1= )G F g0 pnopic ©)
over the impactor sampling periods, the fractions of hygro- The coefficientr calculated from (6) was used to estimate
scopic &) and hydrophobic (1) aerosol components were the aerosol growth factor at ambient relative humidity, based

estimated assuming that (1) hygroscopic aerosol behave liken the above mentioned assumptions (1) and (2):
(NHg4)2SOy, and (2) hydrophobic aerosol do not grow at any

GF¢13 = aGFjscupic + (1_a)GFa3plwbic (7)
2\/an Dingenen, R., Putaud, J. P., and Raes, F.: Physical aerosol

properties and their relation to air mass origin at Monte Cimone FOr each impactor sample, the geometric diametgap

(Italy) during the first MINATROC campaign, Atmos. Chem. corresponding to the 50% cut-off diameter of stage 4 (I

Phys., in preparation, 2004. aerodynamic diameter) was calculated for the dry aerosol

Atmos. Chem. Phys., 4, 889-902, 2004 www.atmos-chem-phys.org/acp/4/889/
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Table 3. Magnitude of the relative differences and uncertainties in the relative difference betwegrand m;,,, in the sub- and supgrm
aerosol fractions at MTC.

Subum  Superum

Relative differencé (mc 4, mgum)
between g 4 and ny; s (%) 17 37

Relative uncertainty (A) of the difference
between g4 and ny; 7 (%) 25 33

density values 1.0, 1.5, 2.0 (this range of values largely cov{slope=0.65, R=0.58). To compare gy, and n4 with re-
ers the possible atmospheric dry aerosol density). This equivgard to the uncertainty of each method, the absolute differ-
alent geometric diameter Ji4) was found to be on aver- ence between two methods=|mc4-mgy| was compared
age 0.950.12um. The aerosol mass concentration mea-with the uncertainty in this difference &§, which can be
sured on stages 1-3 of the impactor was then compared testimated according to Eqg. (3) as:

the aerosol volume integrated up to the geometric diameter 5 )

D,(4) (Fig. 4a), and the aerosol mass concentration mead ()" = S(mca)”+ S(mgm) (8)
§ured onjt?ges 4 ar;]d 5ofthe "T‘pg‘?tor to th; aerolsool volume Mean relative uncertainties(A) in the differenceA and
|nt.egrate rom to the geometric diameteg(B) to 10um relative differences between the two methéfes,s, mca),
(Fig. 4b). For the sulrm aerosol range, a good correla- : : .

.2 . 4 respectively, defined by:

tion is observed between the gravimetrically measured mass

mgy and the aerosol volume, independently of the a pri-o(A) = S(A)/m 9)
ori assumed dry aerosol density. The slope of the regression
suggests that the density of the dry aerosol was in the rang&(mg s, mca) = (A)/m (20)

1.55+0.12 (95% confidence level) at MTC during the Mina-

troc campaign. For the periods when gravimetric measurewherem=average (g, Mca), are listed in Table 3. For
ments are not available, this regression together with the sizéhe subpm aerosol fraction§(mg, Mca)<o (A), which
distribution measurements performed on these days were uggeans that the difference betweep snand mr4 are not sta-

to estimate the supsm aerosol mass gp. The comparison tistically significant. This shows that the quantified aerosol
between gravimetrically measured mass and aerosol volumgomponents adequately describe the gab-aerosol mass.
was carried out for each of the 3 sulsa aerosol fractions In contrast, for the supgem fraction,s(Mga, Mca)>o (A),
resolved by the low-pressure impactor. A reasonable agreeNhiCh indicates that differences in the aerosol mass deter-
ment could be found by assuming that the 50% cut-off di- mined from chemical analyses ¢yy) compared to gravime-
ameter of stage 3 was 0.26 instead of the nominal @m2  try (mca) were larger than the estimated random errors. This
value. Regarding the aerosol supem range, no correlation ~suggests that systematic errors might not have been ade-
appears between the gravimetrically measured mass and tifgiately taken into account.

aerosol volume (Fig. 4b). The regression indicates that the ) o _ ) ]
discrepancies between supem aerosol mass and volume 3.2 Aerosol chem_lcal composition in various particle size
are not systematically due to losses of coarse particles into  classes and air masses

the impactor. It shows that coarse particle sampling with the_ . .
During the Minatroc campaign, MTC was reached from

low-pressure impactor and/or counting with the OPC were i ) : .
affected by random uncertainties (sampling artifacts into the?bOUtlt_?'%o to dziﬁoo fUTC by 'Eki)IIr mf?sstez (t:)on?lnglfrorln
impactor, error in particle sizing, etc.), which were not ade- IOW aititu eZaT lere ore possibly aflecte hy OC? poh-
quately accounted for. ution (see 2.1). Impactor measurements show also that

aerosol concentration was on average 30% higher during

3.1.2 Comparison between aerosol mass concentrations déay-time compared to night-time, mainly due to enhanced

rived from gravimetric measurements and chemicalMass concentrations in stages 2 (6<D4<0.42um) and
analysis 5 (3.46<D,<10um). However, the chemical composition

in each size fraction did not vary much between night and
Sub- and superm aerosol mass concentrations derived day (Fig. 6). Particles with P<0.14um (stage 1) were
from gravimetric measurements &) and chemical anal- mainly made of carbonaceous species. The contribution of
yses (mr4) are compared in Fig. 5a and b, respectively. A carbonaceous components decreased for stages 2 and 3, and
good correlation appears for the sum aerosol fraction increased again for stages 4 and 5. This was mainly due
(slope=0.89, R=0.82), but not for the supgrm fraction to variations in the NSWOM contribution, since the one of

www.atmos-chem-phys.org/acp/4/889/ Atmos. Chem. Phys., 4, 889-902, 2004
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Fig. 6. Mean size-segregated aerosol chemical composition d(ajrdaytime andb) nighttime at MTC during the Minatroc campaign, out
of the Saharan dust advection period.

WSOM was quite similar in each size fraction 22%). ble 4). The average contribution of NOto the subsxm
NssSCﬁ‘ and NI—Q were mainly found into sulem parti- aerosol mass concentration wa20% for 3 among 5 sam-
cles, whereas ND was more equally distributed over the ples collected in air masses from NW-Europe origin, which
5 size fractions. Sea-salt and dust were almost exclusivelys much higher than what was observed in any other type
present in the supegrm aerosol fraction. The air masses Of air mass. In contrast, sylom aerosol in air masses from
reaching MTC over the impactor nighttime sampling pe- E-Europe origin was for more than 50% made of carbona-
riods (21:00-9:00 UTC) were classified into 5 categoriesceous matter, due to specially high contribution of NWSOM
(W-Europe, NW-Europe, E-Europe, Mediterranean) basecand BC. The molar ratio NIH/(NO +2><I’ISSS@ ) also sug-

on 3-D back trajectories calculated by Balkanski et al. (2003)gests that sulkm was acidic in air masses from E-Europe
and observation of supgsm particle number (indicating the and Mediterranean origin only. In air masses from Mediter-
Saharan dust outbreak). The sub- and syparaerosol ranean origin, nssSif) was on average the main single com-
chemical compositions determined from nighttime impactorponent, and could make up to 50% of the aerosol mass in
samples corresponding to air masses of clearly identified orisome samples. Despite a large uncertainty, it appears that
gins are indicated in Tables 4 and 5 and presented in Fig. 7mineral dust was a major component of the guh-aerosol

It should be noted that the variability in the composition during the Saharan dust outbreak. However, nétCaas

of both size fractions is high, even in air masses from theobserved in the sujpim aerosol collected with the SJAC.
same origin. However, some peculiarities in gui-aerosol ~ The occurrence of mineral dust in the subr aerosol frac-
composition can be noticed, which are significant with re-tion might therefore result form the bouncing of non-sticky
spect to uncertainties in each component quantification (Taparticles into the impactor. The supem aerosol chemical

Atmos. Chem. Phys., 4, 889-902, 2004 www.atmos-chem-phys.org/acp/4/889/
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Fig. 7. Mean (a) subum and(b) superum aerosol component concentrations in air masses from various origins during the Minatroc
campaign.

composition is presented is Table 5. It should be kept inof excess-SﬁT were still present in the supm fraction. It
mind that chemical closure was not reached for the superean therefore be stated that coarse particles from Saharan and
um fraction, which indicates that overall uncertainties werefine particles from anthropogenic origin were certainly ex-
larger than estimated. The supem aerosol was character- ternally mixed during the Saharan dust outbreak, and that no
ized by a rather constant contribution of sea-salt with re-significant oxidation of S@onto mineral dust particles oc-
gard to uncertainties. The large contribution of N©@b- curred in the Saharan dust plume. On the other hand; NO
served for air masses with NW-European origin£8%)  was predominantly in the coarse fraction (coarsgkotal

and Mediterranean origin (15%) were not significantly differ- NO;=88+1%). This value is not significantly higher than
ent from others with reSpeCt to uncertainties. The Contribu-the value observed in air masses from Mediterranean and
tion of mineral dust to the supesm aerosol mass concentra- E-Europe origin, in which a large contribution of dust to
tion was the hlghest during the Saharan dust outbreak. Durthe supempm aerosol mass was also Observed, but S|gn|f|-
ing this event, the nss§0/nssC&" ratio observed at MTC  cantly higher that in air masses from W-and NW-Europe ori-
in the super:m aerosol averaged G=0.1. Alpine glacier  gin (coarseN@/total NGy =47+23%). This suggests that in
ice-cores (Schwikowski et al., 1999) and IC analyses of Sapresence of coarse dust particles, N6hifts to the aerosol
haran sand fine grain samples suggest that this 12¢* superum fraction due to the adsorption of HN®nto dust

mass ratio should be about 0.4—-0.6 in pure Saharan dust. Thi?articles, leading to the displacement to the right of the equi-
shows that supewm nssS@* was probably of pure Saharan iprium:

origin during the dust outbreak. In contrast, large amounts
NH4NO3 <> HNO3 + NH3 (11)

www.atmos-chem-phys.org/acp/4/889/ Atmos. Chem. Phys., 4, 889-902, 2004
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4 Conclusions The impact of African dust across the Mediterranean, Envir. Sci.
Technol Lib., Kluwer, 11, 313—-322, 1996.
For the Minatroc campaign at MTC, the mean random un-Bonasoni, P., Stohl, A., Cristofanelli, P., Calzolari, F., Colombo, T.,
certainties in the determination of sub- and super-aerosol and Evangelisti, F.: Background ozone variations at Mt. Cimone,
mass concentrations from gravimetric measuremergs(m Atmos. Environ., 34, 5183-5189, 2000. o
chemical analyses (), and particle size distribution mea- Cachier, H., Bremond, M. P., and Buatéiard, P.: Determination
surements () ranged betweest 14 and29%. The main of atmospheric soot carbon with a simple thermal method, Tellus
sources of random uncertainties were blank variability for c 418, 379-390, 1989. . , i
. .. . arson, P. G., Johnston, M. V., and Wexler, A. S.: Real time moni-
MG m and nt 4, _and particle sizing fo!' [p. Additional pos- toring of the surface and total composition of atmospheric parti-
sible systematic error affecting mainly the conversion fac- cles, Aeros. Sci. Technol., 26, 291300, 1997.
tors used to determine WSOM and NWSOM concentrationspecesari, S., Facchini, M. C., Fuzzi, S., and Tagliavini, E.: Char-

cannot be estimated. The comparison af sTwith mg y acterization of water-soluble organic compounds in atmospheric
and myp shows that average differences were within exper- aerosol: A new approach, J. Geophys. Res., 105, 14811489,
imental uncertainties for the sybm aerosol fraction. This 2000.

indicates that within experimental uncertainties, the gub-  Fuzzi, S., Decesari, S., Facchini, M. C., Matta, E., Mircea, M.,
aerosol was made of the ionic, carbonaceous and refractory and Tagliavini, E.: A simplified model of the water soluble or-
components we quantified. In contrast, mass closure was not 9anic component of atmospheric aerosol, Geophys. Res. Lett.,
obtained for the aerosol supgm fraction. This shows that 20, 4079-4082, 2001.

. . e, Z., Wexler, A. S., and Johnston, M. V.. Laser desorp-
the sources of random and/or systematic errors associated,, . .~ . ; )
tion/ionization of single ultrafine multicomponent aerosols, Env-

with the determination of @i, Mg and myp for the super- iron. Sci. and Technol., 32, 32183223, 1998.
nm aerosol fraction were not fully understood. Taking into ray H. A, Cass, R. G., Huntzicker, J. J., Heyrdahl, E. K., and
account analytlcal Uncertalntles, we found S|gn|f|cant dlf'fel’- Rau’ J. A.: Characteristics of atmospheric Organic and elemen-
ences in the sulpm aerosol composition in air masses from  tal carbon particle concentrations in Los Angeles, Environ. Sci.
different origins. The largest contribution of NOvas ob- Technol., 20, 580-589, 1986.
served in air masses from NW-Europe origin, whereas mordPCC, Climate Change 2001: The scientific basis. Contribution of
than 50% of the sulpem aerosol mass was made of carbona- Working Group | to the third assessment report of the Intergov-
ceous components in air masses from E-Europe origin. The ernmental Panel on Climate Change, edited by Houghton, J. T.,
difference in sub- and supem chemical composition dur- Ding, Y., Griggs, D. J., Noguer, M., van der Linden, P. J., Dai,
ing the Saharan dust outbreak suggests that Saharan dust and’” Maske“’ K, _and Jc_)hnson, C.A., Cambridge University Press,
. . . . Cambridge, United Kingdom and New York, NY, USA, 881 pp,
anthropogenic particles were externally mixed. No interac-

. 2001.
tion between S@and dust could be detected from our mea- Keuken, M. P., Schoonebeeek, C. A. M., van Wensveen-Louter, A.,

surements. In contrast, the displacement of;NOwards and Slanina, J.: Simultaneous sampling of §\##NOs, HCI,
the aerosol supgem fraction in presence of dust coarse par-  so,, and H,0, in ambient air by wet annular denuder system,
ticles indicates a significant interaction of Hy@ith dust Atmos. Environ., 22, 2541-2548, 1988.

particles. This suggests that the interaction of secondarkhlystov, A., Wyers G. P., and Slanina, J.: The steam jet aerosol
aerosol precursors with pre-existing primary particles should collector, Atmos. Environ., 29, 2229-2234, 1995.

be taken into account in secondary aerosol formation modelL00, B. W. and Cork, C. P.: Development of a high efficiency virtual
ing. impactor, Aerosol Sci. Technol., 9, 167-176, 1988.
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