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Abstract. The aerosol chemical mass closure is revisited andvaries in the 1.4—-1.8 range. For Beijifgexhibits high val-

a simple and inexpensive methodology is proposed. Thigues of about 1.7 in winter and summer. Winter values suggest
methodology relies on data obtained for aerosol mass, anthat fresh coal aerosol might be responsible for such alkigh
concentration of the major ions and the two main carbonvalue, which was not taken into account in previous works.
components, the organic carbon (OC) and the black car-
bon (BC). Atmospheric particles are separated into coarse
(AD>2um) and fine (AD<2 um) fractions and are treated ;
separately. For the coarse fraction the carbonaceous com-

ponent is minor and assumption is made for the conversiomerosols are found in different size-classes which account
factork of OC-to-POM (Particulate Organic Matter) which for their various environmental effects, such as respiratory
is fixed to the value of 1.8 accounting for secondary speciesgiseases, visibility impairment, and radiative forcing (Don-
The coarse soluble calcium is shown to display a correlatiorg|dson et al., 2001; Zhang et al., 2003; Penner et al., 2004).
(regression coefficierft, y axis intercepb) with the missing  They also contribute to numerous atmospheric processes, and
mass. Conversely, the fine fraction is dominated by organianay also serve as nuclei on which clouds form (Kaufman et
species and assumption is made for dust which is assumegl. 2002). Of interest too are nucleation and heterogeneous
to have the same factor as the coarse mode dust. The fine chemical reaction sequences producing condensable particu-
mode mass obtained from chemical analyses is then adjustegte products from precursor gases such as sulphur dioxide,
to the actual weighed mass by tuning theonversion factor.  nitrogen oxides and organic vapours. Particles thus formed
Thek coefficient is kept different in the two modes due to the are defined as Secondary aerosols, and are present in the
expected different origins of the organic particles. Using the fyhole size spectrum both for number and mass distributions
and k coefficient obtained from the data set, the mass closurggeinfem and Pandis, 1998).

is reached for each individual Sample with an undetermined One of the major' Cha“enges in aerosol science is to ac-

fraction less than 10%. The procedure has been applied teount for aerosol sources and transformation processes at lo-
different urban and peri-urban environments in Europe ancca|, regional and global scales in order to better understand
in Beijing and its efficiency and uncertaintiesandk val-  their effects on the environment, and subsequently support
ues are discussed. Theandk coefficients are shown to of-  relevant environmental protection policies. This challenge
fer consistent geochemical indications on aerosol origin anc:a|is for a broad field of investigations, from the relatively
transformationsf allows to retrieve dust mass and its value Simp|e situations encountered in deve|oped countries to the
accounting for Ca abundance in dust at the site of investiintense multi-sources pattern observed in developing cities.
gation may serve as an indicator of dust origin and aerosopass closure attempts represent a unique tool to accept the
interactions with anthropogenic acids.values were found challenge.

to vary in the 0.08-0.12 range in European urban areas, and For this purpose, experimental Campaigns genera”y con-
a broader range in Beijing (0.01-0.16). As expectedp-  sist in allocated samplings on different filter types, running
pears to be a relevant proxy for particle origin and ageing andsimultaneously at a representative site. Such experiments al-
low an extensive aerosol characterisation at different possible
Correspondence tdd. Cachier timescales, from diurnal to inter-annual. Particle size segre-
(cachier@lsce.cnrs-gif.fr) gation is a critical parameter to identify the most important
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1658 B. Guinot et al.: New simple aerosol mass closure

contributors to the aerosol fine and coarse masses and to asff and the analysis reliability, sampling duration is adapted
sess their origin and behaviour — primary or secondary, natto obtain aerosol loadings<500u.g/filter. Aerosols are
ural or anthropogenic, and state of mixing (Ten Brick et al., weighed from these SFU samples prior to dissolution for lon
2004; Berner et al., 2004). Chromatography (IC). Bulk measurements of carbonaceous

An aerosol mass closure is achieved when the gravimetri@erosols are performed using Whatman QM-A quartz-fibre
measurement of filter samples matches the sum of the massé#ers. Insoluble species (other than BC) are assessed as dust
of the individually identified chemical species (the recon- material.
structed mass). Any attempt, however, includes hypotheses Chemical size distributions are achieved using DEKATI
to estimate dust material and organic matter, which possi<13-stage cascade impactors, mounted with either quartz-fibre
bly largely contribute to the aerosol mass. Previous worksor Zefluor filters for the analysis of carbonaceous matter and
present a diversity of approaches to constrain the uncertainsoluble species, respectively.
ties associated to these hypotheses (Andrews et al., 2000;

Putaud et al., 2004a; Rees et al., 2004). But no general patt2.2 Gravimetric measurements
way clearly emerges.

Here, we attempt to define a simple and inexpensive filter-All Nuclepore filters are weighed before and after sampling,
based protocol which may apply to urban and peri_urbanUSing a Mettler Microbalance UMT3 with [Ag sensitivity.
sites of various complexities. This methodology provides Filter weighing is achieved after 24-h equilibration at room
Cat/dust ) and OC/POM k) conversion factors and has temperature with atmospheric relative humidity (RH) main-
been validated on approximately 500 samplings from 11 fieldtained below 30%. For this RH, the ion water content has
campaigns conducted in different environments in Europebeen shown to be less than 10% and may be considered as
and in Beijing, China. This paper details the methodologynegligible (Sciare et al., 2005 and references herein). RH is
and furthermore shows that estimated coefficiefjsapd set to refer to a dry aerosol in order to minimize uncertain-
(k) may provide an interesting insight on particle origin and ties due to water adsorption-desorption by the filter media
transformations. and aerosol particles (MacMurry, 2000). Typical uncertainty

for our gravimetric measurementaifn) is of the order of
+5 g, which represents 1 to 2% of the total aerosol mass in

2 Experimental all the datasets involved in this work.
Zefluor filters used for cascade impactors are weighed us-
2.1 Sampling protocol ing the same protocol. Averaged uncertainty on the mass

value presents significant differences between the stages,

Al field experiments have used the following protocol. Con- from Am=3-5% for the 10 first stages- {50 nm), whereas
sidering a complex multi-source aerosol phase, a distinctiorthe uncertainty is up to 20% for the 3 other stage$%0 nm).
between fine and coarse particles is relevant since they are
remarkably distinct in origin and nature. Each mode is in-2.3 Inorganic soluble species
deed closely related to a type of source, or to characteristic
physical and chemical generation processes. Coarse partAfter weighing, Nuclepore filters are analysed by IC for the
cles (larger than 1000 nm) are usually primary particles me-determination of the major anions and cations using the fol-
chanically generated from wind erosion of dust material orlowing protocol. Filter samples are extracted in 15ml of
sea surface. Interestingly, these particles provide a surfachlilli-Q water for 45 min in a sonic bath. Fifty microlitres of
of basic material on which volatile species, and especiallychloroform are then added to each sample to prevent bacteria
acidic ones, may attach. Primary particles from combus-activity. Samples are filtered just before the analysis using
tion, like fly ash, may also be found on this coarse mode.Acrodisc filters (Pall Gelmann) with a porosity of Qun.
Fine particles comprise the nucleation (less than 20 nm), thé\nalysis of cations (N&, NH,, K*, Mg®+, C&") takes
Aitken (ranging from 20 to 90 nm) and the accumulation place on a 4-mm CS12 column and Dionex IC (Model DX-
mode (90 nmxAED<1000nm). They are generated from 600) equipped with a reagent free system (automated eluent
both primary sources (combustion) and secondary processageneration and self-regenerating suppression). Analysis of
(conversion of gaseous precursors) (Whitby, 1978; Hoppethe major inorganic anions (C} NOg, S@[) takes place
and Frick, 1990; Covert et al., 1992). on an 4-mm diameter AS11 column and Dionex IC (Model

In our work, distinction between coarse and fine parti- DX-600) also equipped with a reagent free system. Blank
cles is operationally defined using stack filter units (SFU) filters were systematically taken in the field without showing
samplers working at 1#h~1 with two filters of different ~ any significant contamination during sampling, handling or
pore size used as follows: Nuclepore gifa filters col-  shipment.
lect particles with aerodynamic diameters higher tham? In our mass closure attempts it must be noted that organic
while downstream 0.4m filters collect particles smaller acids (which are identified on chromatograms and provide
than 2um (John et al., 1983). In order to maintain the cut- useful indication about sources, transformation processes

Atmos. Chem. Phys., 7, 1657-1670, 2007 www.atmos-chem-phys.net/7/1657/2007/
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Table 1. Carbon analysis: correlation between the 2-step thermal method and thermal optical method data (slope and correlation coefficients
().

Beijing Intercomp C  Beijing Pekl  Florence

n=14 n=35 n=42
TC Thermal/DR}, 1.005 (0.99) - 0.988 (0.98)
BC Thermal/DR}, 0.975 (0.82) 0.846 (0.81) 0.742(0.61)
BC Thermal/NIOSH  1.196 (0.91) - 1.233 (0.63)
OC Thermal/DR}, 1.079 (0.99) 1.233(0.89) 1.089 (0.95)
OCThermal/NIOSH 0.971 (0.99) - 1.039 (0.94)

n accounts for the number of samples

and state of mixing) are not included in the fraction here-reference method to two thermal protocols both implemented
after termed ions, as they are already included in estimatem the Sunset Inc. OCEC instrument working in transmis-
of the particulate organic matter. sion for the laser beam. The first of these two protocols uses

Averaged uncertainty on the major ions results is of the or-the temperature programme from the Desert Research Insti-
der of 10 ppb, which represents less than 2% of uncertaintyute method (DRI) developed by (Chow et al., 1993), and is
in atmospheric ion concentrations for most of our field cam-hereafter referred to as DRIThe second one is the NIOSH

paigns. method (Birch and Cary, 1996), which currently serves to
determine BC and OC in the NIOSH 5040 protocaol.
2.4 Carbonaceous fraction These three methods were applied to two sets of filters,

collected(i) 5km North from Beijing downtown, at the top

The total carbon fraction (TC) includes black carbon (BC) of the National Research Centre for Environmental Analysis
and organic carbon (OC). In our 2-step procedure (Cachier e pMeasurements, in January 2003 (Results refer to “Beijing
al., 1989), carbonate (Cfp) is systematically evolved prior IntercompC” campaign in Table 1), afig) at Florence, July
to analysis to avoid any interference with the other BC or 2002—june 2003. An additional comparison of our reference
OC components. This point is particularly important at siteSmethod with the DRJ method was performed during Pek,
highly impacted by dust aerosols (e.g. in Beijing). in January 2003 in Beijing downtown. All samples were pre-

Carbon determination encounters two major difficulties, viously treated to remove carbonate. Intercomparison data
one related to sampling, the other to analysis. By it-are presented in Table 1. TC results are found similar and
self, carbon particles sampling may create two contradic-highly correlated whatever the analytical method uséd (r
tory artefacts. The positive artefact enhances the carboRigher than 0.99) whereas BC and OC results show higher
content by the capture of volatile organic carbon (VOC) discrepancy. In previous intercomparison exercises (Schmid
which is favoured by the fibrous matrix of the quartz fil- et g1., 2001: Ten Brink et al., 2004), our laboratory simple
ter. To minimize the artefact which is assumed to be en-method was found to provide results situated in the middle
hanced by filter surface activation, our cleaning procedurepf the range of values. It is also the case for the intercom-
consists in pre-firing during 48 h the quartz filter at relatively parisons conducted in this work. OC uncertainty from our
lower temperature (40C) than what is generally performed reference method to the others ranges within 20-25%. Be-
(600 to 900C), still leading to satisfactory blank values of cause of the large abundance of OC especially in the fine
0.8+0.05,.gTCcnt 2 and 0.2@:0.10ugBCcnT2. On the  fraction of urban aerosols, the analytical split between BC
other hand, the negative artefact lowers the carbon conterynq oc may bring non-negligible bias in the chemical mass
by stripping the particle coating of the semi-volatile organic cjosure which relies on the OC-to-POM (Particulate Organic
matter (SVOM). We eventually get rid of both positive arte- pmatter) conversion achieved using an adequate coeffigient
facts by heating samples at®Dfor 15 min prior to analysis, (see Sect. 4.3). A 20% OC uncertainty may influence a typi-

as similarly reported by Malm et al. (2005). cal PMp 5 chemical mass by 10%, which implies up to 20%
The analytical determination of BC and OC is still open yariability in k values.

to discussion (Ten Brink et al., 2004). Regarding the split

between BC and OC, the main problems encountered ir?.,5 Dust material

the analysis are related to two contradictory artefacts: the

charring of OC, or the incomplete removal of organic com- Multi-element techniques such as XRF, INAA and PIXE are
pounds, which may lead to an overestimate of BC; and concommonly used for analysing mineral dust, but they still
versely the untimely departure of BC. To assess the qualityneed assumptions regarding the unaccounted presence of het-
of our 2-step approach for the BC-OC split, we compared oureroatoms (Andrews et al., 2000). Dust material is made

www.atmos-chem-phys.net/7/1657/2007/ Atmos. Chem. Phys., 7, 1657-1670, 2007
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70 MINOS campaign in Crete Island, Sciare et al. (2005) com-
<A TSP (Gravimetric measurement) parednssCat (nssCaé+=Cat—(0.038<Na') obtained di-
6= Pmi0 rectly from IC and indirectly from aluminium and iron con-
607 A centrations obtained by PIXE, using typical elemental ratios.
S A proportion of 10.96:1.0% ofnssCa in dust was found.
5 4 . Both above-cited works therefore suggest that th&tQa
g b dust ratio could serve as an indicator of dust origin. In this
; purpose, one key feature of our experimental protocol is the
systematic and total dissolution of calcium during the aerosol
extraction stage, which can thus be analysed by IC as soluble
calcium: this has been previously verified by comparison of
soluble C&*t data and total Ca obtained by PIXE (Sciare et
al., 2005). We therefore attempt to use soluble calcium anal-
20 ‘ : \ ysed by IC to obtain an indirect and simple estimate of dust
05-2002 09-2002 12-2002 03-2003 06-2003 mass concentration. In the calculations, for simplification,
“ Date 10 we do not distinguish soluble calcium (&3 from non sea-
Temperature +vrgre- Fine nitrate ' salt calciumnssC&* in any of our experiments. It may be
noted that in our work dust material always refers to insol-
uble species including CaGPand excluding the carbona-
ceous BC fraction. The soluble fraction termieds com-
prises neither calcium nor carbonate.

40

Aerosol mass, pyg.m>

30 4

25

20

3 Field campaigns: site description and dataset presen-
tation

Temperature, °C
E_ur!fuf ‘ajeyiu aul4

In the frame of various projects, the aerosol chemical compo-
sition was investigated from analysis of filters obtained in the
frame of eleven campaigns during variable time sampling du-
rations. However, similar instrumentation, analytical proto-
col and data processing were performed. Details on field ex-
periments are summarized in Table 2. This chapter presents
Fig. 1. Monthly averages at Florence (July 2002—June 200&). the different sites with their characteristics, and our attempts
PM-10 obtained with TEOM and TPM by filter gravimetric mea- for data quality and consistency.

surements(b) TPM nitrate concentrations as a function of ambient
temperature. 3.1 European experiments

0 T T T 0.0
05-2002 09-2002 12-2002 03-2003 06-2003

Date

In the frame of the European projects CARAMEL and SELF

CLEANING GLASS, atmospheric particles were sampled at

of elements, in various relative amounts, depending on theEuro ean urban sites on a weekly basis or twice a month
source location but many works rely on the “Bowen ratios” . P ) y basls .
p order to capture their seasonal variations. All sites are

.. .. |
characterizing a mean desert composition to account for dus

composition (Bowen, 1966). In regions where desert dustm'mar'l.y impacted by trafﬂc but hovyevgr might d|sp_lay
o . . . some differences concerning the relative influence of diesel-
mix with local resuspension, this may not fully picture the

o owered mobile sources. Some data from the intensive ex-
actual dust composition. pow . ; :
o P . ) ) periment ESCOMPTE are also presented. Site to site vari-
Calcium is a major component of dust, along with Si, Al gty also originates from meteorological conditions which
and Fe, where itis mainly found as calcium carbonate. It hagyrgely determine possible regional influence and the occur-

been recently suggested thatzc'iq:ould be used to estimate ence of secondary formation for inorganic and organic par-
the concentration of dust matter in the atmosphere. Putaud gjg|es.

al. (2004a) estimated the dust component at Monte Cimone

in Italy during two identified dust episodes. They found a3.1.1 Paris and peri-urban site Gonesse, France

fair regression between €afrom IC and mineral dust from

weighing. They also reported two different typical abun- Two sites were investigated using filter sampling in the

dances of C&" in dust material depending on dust origin: French capital city: Downtown, at the top of Saint-Eustache
5.6% for non-Saharan dust periods, and 15% for Saharachurch (40 m); and in a peri-urban environment, at Gonesse,
dust periods. Using a slightly different approach, during thel5km away in the northeast, close to the International

Atmos. Chem. Phys., 7, 1657-1670, 2007 www.atmos-chem-phys.net/7/1657/2007/
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Table 2. Field experiments conducted from 2001 to 2005.
numberof  Massgg/m®)
Field experiments  Type Date Sampling frequency samples Fine Coarse
Europe
PARIS urban June 2004—-July 2005  bi-monthly 28 12.3 15.8
GONESSE peri-urban  Sep 2004-July 2005  weekly 40 13.7 9.9
REALTOR peri-urban  June—July 2001 day/night 49 13.8 104
FLORENCE urban July 2002—-June 2003  weekly 52 19.2 228
China
BEIJING Pekl urban 10-31 Jan 2003 day/night 43 48.3 83.7
Pek1 North peri-urban idem day/night 47 456 64.2
Pekl South peri-urban idem day/night 41 31.8 717
BEIJING Pek2 urban 28 Aug—-19 Sep 2003 4 samples/day 85 55.5 75.3
BEIJING Pek3 urban 9-27 Aug 2004 3 samples/day 60 58.4 723
Pek3 North peri-urban idem day/night 36 374 340
Pek3 South peri-urban idem daily 18 52.3 52.6

Charles-de-Gaulle Airport. Paris Centre (Paris) experiment3.1.3 Marseilles and peri-urban site Realtor, South of
consisted in bi-monthly samples from June 2004 to July France

2005, for both the coarse and the fine aerosol fractions.

Gonesse experiment was conducted on a weekly basis fromihe international project ESCOMPTE (Cros et al., 2004)
September 2004 to July 2005. which took place in the Marseilles region offered the oppor-
tunity to investigate the aerosol composition in one of the
most polluted regions in France during time periods (June—
July 2001, and July 2005) of important photochemical activ-
ity. In the present work, Marseilles dataset is used for one
DEKATI 13-stage cascade impactor results obtained in July

, ) 2005, whereas filter data are from Realtor which is a peri-
Florence filter-based experiment was conducted on aweekl}ﬁrban background site, located 50 km north of Marseilles

basis from July 2000 to June 2003 (Cachier etal., 2004). Figeiy, Fijter samples were there collected on a day/night basis
ure 1la compares the TEOM Rliymass with that obtained by from 9 June to 6 July, 2001

gravimetric measurements. In autumn and winter, the gravi-

metric mass is systematically higher than the TEOM data.3.2 Beijing experiments

This disagreement appears correlated to nitrate concentra-

tions and atmospheric ambient temperatures (Fig. 1b), pointOver the years 2003-2004, an intensive filter-based exper-
ing out the general risk of volatilisation of a significant frac- iment was conducted in Beijing City and its region in the
tion of the aerosol in the TEOM sampling procedure. Theframe of the scientific cooperation between the Beijing Mu-
loss of ammonium nitrate is generally quoted to explain thenicipality and the lle-de-France Region. The experiment in-
TEOM missing mass. However, in our data ammonium ni- cluded one-month duration intensive studies in winter 2003
trate represents about 50% of the missing mass and it magPekl) and summers 2003 and 2004 (Pek2 and Pek3) and
be concluded that other species, most likely semi-volatile or+outine filter samplings in-between (for total mass, carbon
ganic matter (SVOM), are also lost when heated inlets areand inorganic ions determination). This approach partici-
used as in the recommended TEOM design. In Florence, thipated to solve a number of key questions on the particle
loss is estimated to represent 20% of the total aerosol masgmissions and gas-particle interactions in a complex multi-
and might be sensitive to an air temperature threshold beloveource atmosphere. Three sites were investigated: (1) Down-
which TEOM data may be biased. Furthermore in Florencetown, on Chegongzhuang Road, 4km West from Tianan-
the TEOM negative artefact during the cold months is likely men Square, between the Second and Third Ring Road.
to be enhanced by the presence of semi-volatile VOC's whichlSamplings were performed on the roof of Beijing Munic-
accompany emissions from the additional biomass burningpal Environmental Monitoring Centre (BMEMC), about
source for heating which has been identified to be significanB0 m above the ground. This site was investigated during
during this period of the year (Cachier et al., 2004). FromPekl, Pek2 and Pek3 experiments; (2) 40 km north of Bei-
this experiment, it may be argued that TEOM data are noting downtown, in a relatively clean background environ-
always adequate for chemical mass closure. ment, during Pek1 and Pek3; and (3) 50 km south of Beijing

3.1.2 Florence, Italy

www.atmos-chem-phys.net/7/1657/2007/ Atmos. Chem. Phys., 7, 1657-1670, 2007
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where:

mpgc mass of BC determined by the reference thermal
method;

mpom Mass of POM estimated from OC obtained from the
reference thermal method, using a conversion factor

Mions SUM of the masses of water-soluble inorganic species
determined by IC, except & and organic ions (respec-
tively accounted for in dust and POM)

Mgust Mass of total insoluble and soluble dust material es-
timated from soluble calcium using the conversion fadtor
and including calcium carbonate

m,; hot determined mass: difference between
Myeighed aerosoland the sum of @c, Mpom, Mions and

o & ‘ ‘

0 400 800

Mgust (See definition mysy-

1200 1600
4.1 Estimating the dust concentration from?€an the

anions, mole coarse mode

Fig. 2. lon balance for coarse (in grey) and fine (in black) particles The first step of this method consists in balancing the
in Pek3 aerosols. Carbonate can be estimated from the excess %eighed aerosol mass of the coarse mode with the chemi-
cations observed from the coarse mode slope. cally retrieved mass, which includes ions, BC, and POM. In
this first step, we deliberately fixed the OC-to-POM conver-
sion factork to 1.8. This relatively high conversion factor
may be considered as representative of oxygenated and/or
functionalised organic species (Geleeigs2004), as one
might expect at first approximation for secondary organic

(in addition with the other cations) are not balanced by an-Material condensed onto coarse particles. In our datasets,
ions which thus indicates that a large fraction of calcium is @ POM generally accounts for 5 to 20% of the total mass in

available for carbonate. Furthermore, it is not excluded that 47€ coarse mode, sensitivity tests show that conversion fac-

significant portion of C&tis present as CaS@r Ca(NQ)». tors variabili_ty ranging from 1.4 to 2.2 influences thf-:- coarse
mode chemical mass tb5% at most. Any error on this esti-

mation would therefore have little importance for the coarse
mode chemical balance.

The difference between the reconstructed coarse mass
All steps of the methodology are illustrated by the Pek3 ex-(sum of BC, POM and ions masses) and the weighed coarse
periment results (Fig. 3). The coarse mode and the fine modgnass provides a substantial missing mass. This missing mass
mass balances are worked out separately following a 2-stefhcludes species which are not analysed among which the
methodology where mass reconstruction relies on two hy-most common are oxides of aluminium, silicon and iron and
potheses applied separately to the main component of the fingalcium carbonates (CaGQ. It must be recalled that cal-
and coarse fractions (Fig. 3a): cium is assumed to be totally dissolved agCduring the
extraction phase and may be obtained by ion chromatogra-
phy (see Sect. 2.5).

In all cases, this missing mass is found to be highly corre-
lated to C&" obtained by IC (Fig. 3b).

downtown, in an environment influenced by local industries
and city plumes, during Pekland Pek3.

At all sites, fine aerosols are found neutral (Fig. 2). Inter-
estingly, in the coarse mode, more than two thirds of'Ca

4 Methodology: Reconstructing the mass

1. In thecoarsemode, the first hypothesis concerns the
mass of total dust material, which is estimated from sol-
uble C&" ion concentration using a conversion factor
termedf;

2. In thefine mode, the critical point is the OC-to-POM C& " =f. missing mass+ b (2
conversion factok, which accounts for unmeasured hy-
drogen, oxygen, and other hetero-atoms in organic ma
terials.

The slopef is related to the abundance of &ain mineral

dust (Eq. 3). As detailed later in the text (Sect. 5) it is shown
to be a sensitive indicator of the different dust mixtures.

For each mode, the mass closure attempt can be expressedAt all sites, the correlation between Haand missing

as: mass is sufficiently good {0.78) to support the consis-
tency of this simple approach for the evaluation of dust in the
coarse fraction of the aerosol. So it may be assessed that the
regression coefficiefitmay be used to calculate mineral dust

M aerosol weighed™ Maerosol retrieved—

X[mBc, mpoM, Mions, Mdust Mnd ] 1)

Atmos. Chem. Phys., 7, 1657-1670, 2007 www.atmos-chem-phys.net/7/1657/2007/
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Fig. 3. Mass closure for Pek3 experiment (August 2004), all samggEsMean chemical composition of the coarse (down) and fine (up)
modes.(b) Missing mass/C&" correlation in the coarse mod) Mass closure of the coarse mode: Consistency between the actual weighed
mass and the reconstructed mds$.Mass closure of the fine mode afteadjustment (k=1.65).
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amounts (including CaCp from soluble C&* (obtained by
IC) following:

mineral dust= C&"/ f 3)

Using this dust estimate, mass closure of coarse aerosols is
achieved with an efficiency ranging between 97% and 107% 2
(Fig. 3c).

The intercept b accounts for &awhich is not associ-
ated to insoluble dust, most likely calcium nitrate and sul-
phate. Conversely, the intercept with the x axis may account
for non-calcium containing dust. These two influences may
compete, however at our sites of investigation, b was always
found positive or almost null underlining the presence of cal-
cium sulfate and/or nitrate in the coarse mode.

Our work relies on its “self-consistency” and additional
value would be given by comparison with more traditional
approaches using dust elemental data . Dust composition is
variable and site-dependent but a satisfactory approximation
of dust mass is classically obtained using multi-element data
and the following equation (Pettijohn, 1975):

Dust mass= 2.20[Al] + 2.49[Si] + 1.63[Ca)
+1.42[Fe] + 1.94[Ti]

We could find such data for Beijing aerosols from works of
He et al. (2001) and Sun et al. (2004) providing mass, major
ions and BC, OC components AND multi- elemental com-
position for fine and coarse particles. We thus calculated the
Caz2+/dust () ratios for the Beijing experiments illustrated

in these other works. There is a notable agreement between
all data sets f ratio in the narrow range 0.07-0.12). More-
over, Sun et al. (2004) work which provides data for fine and
coarse particles confirms our hypothesis of the same compo-
sition for fine and coarse dust particles. These results appear
to strongly support our simple method as a valuable and ro-
bust alternative to dust multi-elemental analysis for aerosol
mineral dust content assessments.

4.2 OC-to-POM conversion factor k in the fine mode

Because carbonaceous particles generally account for 50
to 70% of the fine aerosol mass, the OC-to-POM conver-
sion factork, is a crucial parameter in the adjustment of the
chemical mass to the gravimetric mass of this fine fraction.
k is generally taken in the range 1.2—1.6 for urban aerosols
(Putaud et al., 2000; Gelerrs 2004) with higher values
(1.6-2.1) for non urban aerosols (Turpin and Lim, 2001).
Up to now, knowledge on the OC chemical structure re-

B. Guinot et al.: New simple aerosol mass closure

close as possible below 100% (Hueglin et al., 2005, in
Switzerland; He et al., 2001, and Sun et al., 2004, for
Beijing particles). Noteworthy, 1.4 is often taken as a
common arbitrary conversion factor for urban aerosols
(Putaud et al., 2004b).

. An interesting consideration consists in looking at the

nature of the organic matter. WINSOC (Water insolu-
ble organic carbon) are generally fresh primary particles
containing organic compounds largely saturated with
only few oxygenated functional groups. For WINSOC,
a conversion factor of 1.2 may be relevant, following
Zappoli et al. (1999). Turpin and Lim (2001) argued
for high conversion factors of 148).2 for urban (Los
Angeles), and 240.2 for non urban. In the work on
Singapore aerosols by Balasubramanian et al. (2003), a
differentk value is attributed to the two distinct fractions
WSOC (Water soluble organic carbon) and WINSOC
(Water insoluble organic carbon). Their respective con-
tribution to the OC mass will determine thkevalue for

the total OC fraction. In their work, the adopted WSOC
to WSOM conversion factor is 1.8 which is justified by
the presence of oxygenated and multifunctional groups.
The abundance of WINSOC in the total OC fraction ex-
plains the total Ok value of 1.44. As aerosol ageing
results in an increase of WSOC abundance, the ageing
is also marked by an increaselofalue.

3. At last, several studies consider the origin of particles

(distinguishing between fresh and aged aerosols) and
determine the OC-to-POM conversion factor by anal-
ogy with similar environments previously described in
the literature (typically “urban” and “non urban”). Fol-
lowing this approach, “consensus” values claimed for
aerosols in Europe and in the U.S. has become as high
as 1.4-0.3 (Putaud et al., 2000; Rees et al., 2004; Kiss
etal., 2002).

Some crossing views emerge from the two latter approaches

relative to the origin and the age of the particles which are
eterminant for both the importance WSOC component in

the organic aerosols and tkdactor value. One may expect

k to increase under the influence of aged aerosols at remote

locations, or secondary organics at source sites.

The second step of the present method provkiesti-

mates for the aerosol fine mode using the following argu-

ments. Dust is a minor fraction, in the range 0 to 15% in

mass for our dataset. We hypothesize that in both size frac-

mains hardly workable to properly estimate the OC-to-POMtions (fine and coarse modes) dust particles display a similar

conversion factor. Excluding aerosol mass spectromete
(AMS)-based experiments which are able to directly provide
POM data, at least three types of approaches are found in thg
literature:

pverage composition, which is suggested by previous dust
characterizations achieved in Beijing (Cao et al., 2002; Sun
t al., 2004). So we calculated dust concentration from fine
Ca* using the samé coefficient (within the uncertainty

range, see Sect. 4.3) determined for the coarse mode. lons
1. The “best-guess” approach is operational and consistand black carbon masses are obtained straight from analyses
in determiningk in order to keep closure exercises as of the fine fraction. Finallyk is modulated in order to obtain
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a reconstructed mass as close as possible below the weigh&d Interpretation and limitation
mass (Fig. 3d) and a value of 1.65 is obtained.
5.1 Dust origin and reactions of neutralization

4.3 From sampling to data processing In our protocolf might be addressed as a proxy of mineral
dust origin and its variations interpreted as source signature.
Interactions with other species however may influence this
This chapter presents the different uncertainties, assumptiongajue. Interestingly, in a given regiof,exhibits seasonal,
and processing features associated to our protocol. temporal and spatial variability. We attempt in this part to as-
sess this approach consistency and its limitations by applying
o it primarily to our Beijing and Europe data sets. Additional
4.3.1 Uncertainties value given by the intercepts is also discussed.
For the Beijing experiment, at each sifeyalues reflect

Sampling brings the most important uncertainty because fOFo?petlngl |anIu§nctes t()jetwedelr)m long-range Fransl,pgrteg dusL
a given sample, at least three parallel lines are needed. varfin€ more focal dust produced by re-suspension. Indeed, eac

ous inter-comparison of parallel sampling for carbon or ionsOf these two types of dust presents different calcium con-

show that this split into different lines may bring uncertainty ;entts. Iaotng-rar:g_e '_[ransptorttmlneralts a;e Ilketly to db]? I((jjesert
up to 10% of individual concentrations. Uncertainties from ustandto containimportantamounts orquariz and felaspar,

analyses are brought by the gravimetric measurements an\ghereas local dust produced by abrasion processes due to lo-

the carbon measurements as both may influence the aeros%"fli mecga::)nlcalls.t ress.(\;]vmd., trafl'hcl,'kconsltrgtctlon()j ng ch'?r-
mass from 1% to 2%. IC analysis uncertainties are found ggcterised by caicium-rich minerais like caicite and dolomite

be one order of magnitude lower. On average, mass concer{—Sh_I et arl]., 205’3?tK“i'_‘? ethal., 2004)‘ (;I'hgs_m the_ Beumgd
tration uncertainty would reach 4% affecting thestimates region where dust particies have a mixed orgin, an increase

up to 30% in the coarse mode (if=+0.02), and thé es- influence of desert dust will mark tHfecoefficient towards

timates of 40% in the fine mode (i.&k=-+0.6). Results ap- smaller values whereas important local dust inputs will $hift

pear however much more consistent than would suggest thi%OWardS higher values. Table 3a shows quite sinitealues

addition of uncertainties for a single sample, which might be or Btet'“ng Sogth a}ndd Bteumtgt:] Nortjh _5|test.) Tr's feature (f[OUId
due to our procedure relying on an important set of aerosoP 0N 10 a regional dust pattern, driven by long-range trans-

: . t. Both sites display a similar seasonal change (respec-
data for the calculation of the two parameters.As underline or A .
in Sect. 2.4, the BC/OC split may itself be responsible for ant'\/(aly 0.062 and 0.055 in winter, and 0.069 and 0.068 in sum-

important uncertainty ok values which are assessed to be ”?er) which could be relf':\ted oa change of dust source re-
method dependent. gion (Zhang et al., 2003; Washington et al., 2003). Whereas

in Beijing Centre,f values are always higher indicating a
Finally, the small discrepancy remaining between the re-very active production of local dust probably by traffic and
constructed mass and the actual weighed mass may be parttynstruction works. Dust values for Beijing Centre are
explained by the amount of species not estimated in dust (bnarkedly higher in summer (Pek870.091), than in win-
intercept in Eq. 2). This fraction is referred toasgl. (not  ter (Pek1f=0.072) which again may be due to the predomi-
determined) in our datasets (see Eq. 1). nance of local dustin summer. In this respect, the remarkably
high values obtained for Pek2 (Pek20.125), are easily ex-
plained by the importance of construction works carried out
4.3.2 Data processing in the vicinity of the sampling site during the experiment.
Additionally, ourf results also suggest lower resuspension

. . . at night which might be in relation with a decrease of local
Regression data (slopes and intercepts) are obtained fro@ctivities

70% or more of the available samples, which leads to corre-

. . Y axis intercept values confirm the similarity of the peri-
lation coefficients &) mostly better than 0.80. Mass closure P y P

; . .~ urban Beijing South and Beijing North station dust. Interest-
regression slopes are forced to zero. Correlation coefﬁuentﬁqgly in Beijing center, a higher sampling frequency allows to

() are even b_etter |ff[he sampllng time perl_od IS f(_)__cussed Or‘boint to a significant formation of calcium nitrate and sulfate
a characteristic condition, as achieved during Beijing exper-

. . R . in the coarse mode during the day especially in the afternoon
iments _pamcularly, distinguishing between up to four differ- when photochemical reactions are very active.
ent periods per 24 h.

The Europe dataset appears consistent too, despite a differ-
We compared our regression data (slope and intercept) tent sampling procedure regarding frequency (continuous bi-
results estimated from an ordinary least squares regressiomonthly sampling) and experiment time-period (12 months).
and obtained a consistency higher than 95% for both the fin®ust f values are found higher at Paris Centre than at the
and coarse modes. peri-urban site of Gonesse (0.150 and 0.072, respectively).
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Table 3a. Results from C& to the missing mass regressions obtained from the different field campaignsf slogéntercept b. Coarse
mode mass closure efficiency usihg

f Interceptb r2  n  %Closure r2 n
Europe
PARIS 0.150 +0.39 0.67 20 99.7 0.78 20
GONESSE 0.072 +0.19 0.90 26 99.3 0.77 26
REALTOR 0.201 +0.84 054 34 97.0 0.72 40
FLORENCE 0.120 +0.33 0.56 44 99.6 0.73 46
Beijing
WINTER 2003
Pekl Day 0.082 +0.43 0.88 15 99.8 0.95 20
Pek1 Night 0.062 +0.63 094 14 979 0.96 20
Pek1 North 0.055 +1.07 090 29 975 0.90 29
Pek1 South 0.062 +1.07 0.78 27 989 0.85 28
SUMMER 2003
Pek2 08:00-12:00h 0.165 +0.99 0.79 15 99.6 0.66 15
Pek2 12:00-16:00h 0.159 +0.99 0.91 13 999 0.94 13
Pek2 16:00-20:00h 0.160 +1.79 0.92 14 99.7 0.86 14
Pek2 20:00-08:00h 0.090 +0.23 0.94 16 98.8 0.64 16
SUMMER 2004
Pek3 07:00-12:00h 0.085 +0.77 0.94 13 106.7 0.94 14
Pek3 12:00-22:00h 0.095 +0.90 0.98 12 1025 0.93 18
Pek3 22:00-07:00h 0.099 +0.42 0.92 10 1035 096 11
Pek3 North 0.068 +0.011 0.86 27 98.9 093 24
Pek3 South 0.069 +0.007 0.79 12 994 0.88 12

k coarse are fixed at 1.8

It may be recalled that Paris Centre site is situated at thé.2 OC-to-POM conversion factor k
top of a church where renovation works on calcareous stones

are regularly undergone which may influence the dust frac4n organic aerosols reflects the presence of functionalities

tion. Same Situation ma.y be quoted for Realtor Wh|Ch iS Sit'and iS thus Very Sensitive to the presence Of Secondary or-
uated close to the calcareous region of Rhone river-délta. ganic particles. Therefork displays a significant increase

is also influenced by gas-to-particle interactions as GaISO  wjth ageing from urban to receptor sites. It is also expected to
sensitive to acidic species which may create a loss of insolpe higher during time periods when photochemical processes
uble material through the formation of condensed calciumare effective and to display diurnal and seasonal trends at a
salts and subsequent volatilisation of £0This capture of  given site. These general considerations apply in simple situ-
gaseous acids by dust is clearly evidenced on cascade ingtions with a predominant single source, which is the case of

pactor data showing associations of€aNO;, and SG~  yrban areas in developed countries where traffic is the over-
in the coarse mode (Cachier et al., 2005). Therefore, thesghelming source.

neutralisation processes are likely to increaséd tredues and
deciphering the respective roles of sources and processes

thef values appears difficult. As sulphate and nitric acid for- averages show an expectable value of 1.4 in Paris and 1.5
mations are sensitive to photochemistry, they are more abuq-n Florence, while the peri-urban sites, Gonesse and Realtor,

dant in summer than in winter, and during daytime than Aoy hibit a highek value (1.6). The small difference between

mgih:]tltme, V:;h'(?th iOUId alsobexpla:jn _the%tglmp;ral tren_((jjs ‘?f the urban Paris and Florence sites might be explained by the
tsrt”t) ate aqc_ mtra est_(as 0 sert\;e h": 3 et a)t_ccl)n5| $[:nﬁ’1fluence of 2-strokes engines and biomass burning in the
at a significant portion may attach o dust particles. eAzlorence traffic fleet (Cachier et al., 2004).

photochemical formation of secondary sulfate and nitrate an ion h h looks differeit

their attachment to the very active calcium-rich dust at Real- In Beljing region nowever, the pattern loo S arfferert.

tor may also explain the high intercept b at this site. values appear high (1.6-1.7) and do not exhibit conclusive
trends. This feature is here attributed to changes in the source
mix. Among the four major sources prevailing over the year

. At our European sites, results obtained are in accordance
With these expectations. As shown in Tablek3l2-month
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Table 3b. k results estimated from the different field experiments. ] ; o8
354 | - ggmonium f Lo7
k % Closure r2  n a0l POM los w
Europe P =- "
PARIS 1.40 99.1 0.89 25 4 ;
GONESSE 1.60 98.7 0.86 30 2 20 o 3
REALTOR 1.60 98.2 0.85 38 S sl los §
FLORENCE 150 97.9 0.85 41 : 8
1.0 q r0.2 &
Beijing
0.5 r0.1
WINTER 2003
Pekl Day 1.70 99.4 0.96 20 AN oo
Pek1 Night 155 99.6 0.85 19
Pek1 North 1.60 994 0.84 29 8
Pekl1 South 1.85 99.2 090 28
74 —+— Weighed mass
SUMMER 2003 Reconstructed mass
Pek2 08:00-12:00h 1.75 99.0 0.96 18 61
Pek2 12:00-16:00h 1.55 99.9 0.95 17 ”E’ 5 ‘
Pek2 16:00-20:00h 1.60 98.6 0.90 18 2 \
Pek2 20:00-08:00h 1.55 99.8 0.67 20 % 4+ / ,/\,\
SUMMER 2004 g ]
Pek3 07:00-12:00h 1.65 99.9 098 14 8 /
Pek3 12:00-22:00h 1.70 99.3 099 17 27
Pek3 22:00-07:00h 1.50 99.0 0.87 12
Pek3 North 1.55 99.8 092 27 "
Pek3 South 1.70 99.7 092 16 0 | |
0.01 1.00 10.00 100.00

f fine=f coarse AED, prm

Fig. 4. Size distribution in Marseilles (2 July 2005) Mass size
istribution of BC, POM, sulphate, nitrate, ammonium, calcium.
he association between €aand NG is particularly clear in the

in Beijing: industries, traffic, coal combustion, and biomass
burning, some of them display a pronounced seasonality. Iri
winter, d_urlng_ the he_atlng season, the major SOUrCE IS CO8L 5 56 modeb) Consistency between the actual weighed mass and
combustion either in industrial settings or for domestic pur-,« reconstructed mass over the whole distribution.
poses. Coal combustion emissions are expected to contain
large amounts of organic aerosols. In winter, coal is cer-
tainly the main contributor to the particulate OC fraction of stationk values remain similar to those obtained in Beijing
the aerosol and the observed higtalues may subsequently downtown. This could classify the south site as a “receptor”
characterize the coal combustion source. In summer, coalite with aged aerosols and indicate that general transport is
consumption lowers, and photochemistry and biomass burnmaintained southwards all year long in spite of different local
ing (Duan et al., 2004) progressively take over, which main-wind conditions (northerlies in winter, breezing southwest to
tains highk values. Of interest, while not investigated here, west winds in summer). The influence of an additional local
are the effects of meteorological parameters, and precipitacombustion source however may not be excluded, but up to
tions particularly, which are likely to significantly lowér now remains unidentified.
values by subtracting highly functionalized WSOC.

Noteworthy is that thé dataset points to different con- 5.3 Mass closure attempts from cascade impactor data
ditions at night especially during the last experiment (Pek3)
where sampling was matching closely the different sourcesWe tried to apply the methodology detailed in this pa-
From other measurements and tracers such as the BC/Cfer to the different aerosol mass-size fractions collected on
(black carbon to carbon monoxide) ratio (Guinot, 2006) it the stages of DEKATI cascade impactors. Tests were per-
has been hypothesized that a significant additional combusformed on four impactors sampled in Beijing, Paris and Mar-
tion source was prevailing at night in centre Beijing which seilles. The complete chemical characterization could be per-
is also reflected in the lower calculat&dvalue (1.5). Fi- formed for the thirteen stages which theoretically allows to
nally whatever the season, the Beijing South station exhibitsattempt the chemical closure. The mass distribution gener-
remarkably highk values (1.85) whereas the Beijing North ally presents two main modes. In Fig. 4 data are detailed for
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Table 4. Concentrations and mass closure achieved on selected stages from DEKATI cascade impactors sampled in Paris, Marseilles, anc
Beijing (Pekl and Pek?2).

Paris Marseilles Beijing Pekl Beijing Pek2

Date 20 Jan 2005 2 July 2005 16 Jan 2003 11 Sep 2003
daytime daytime daytime daytime

Dekati stage 10th 5th 10th  4th 11th 5th 10th 5th
AED (um) 2580 0.267 2.604 0.176 3.189 0.330 2.580 0.267
Weighed mass 16.13 7.81 3.89 1.94 29.10 20.69 18.19 13.51
Reconstructed mass 15.96 7.72 3.77 1.99 29.61 20.31 18.13 13.33
k 1.80 1.40 1.80 1.40 1.80 1.70 1.80 1.70
f 0.08 0.08 0.18 0.18 0.075 0.075 0.15 0.15
oC 0.66 2.78 0.38 0.31 3.66 3.68 1.32 2.15
BC 0.18 0.90 0.17 0.15 1.71 2.02 1.05 1.31
POM 1.19 3.89 0.69 0.44 6.60 6.25 2.38 3.66
SOE_ 1.29 0.76 0.18 0.81 0.96 4,54 0.55 5.50
NO§r 1.61 0.31 0.51 0.02 0.76 2.21 1.96 0.53
NH 0.19 0.29 0.01 0.30 0.18 2.86 0.02 1.83
Cl— 4.34 0.08 0.02 0.01 0.28 0.56 0.08 0.04
Nat 2.11 0.07 0.09 0.01 0.12 0.25 0.17 0.01
K+t 0.05 0.05 0.00 0.01 0.07 0.55 0.16 0.30
cat 0.38 0.11 0.37 0.04 1.31 0.08 1.74 0.02
Dust 4.73 1.34 2.07 0.23 17.47 1.05 11.61 0.13
Other ions 0.28 0.01 0.03 0.01 0.13 0.08 0.15 0.01

the Marseilles sample and it may be seen that both the recorarately for these two different modes (with little incidence on
structed mass and the actual mass display the same profileghe final result) and to retrieve the two parameters which are
It appears from our experience that the distribution modegnecessary for the mass closure. In the coarse fraction, which
may overlap so we preferentially worked out the chemicalis dominated by dust, the OC-to-POM conversion fadtor
mass closure at stages where a given mode (accumulation é8 fixed arbitrarily supposing OC mainly of secondary origin
super-micron modes) is overwhelming. The selection of rep{k=1.8) and the dust abundance is retrieved by calculdting
resentative stages appeared to be highly critical to properlghe Ca?*/missing mass correlation coefficient. Our results
estimate the conversion factcksandf from the mass clo- Wwere shown to compare satisfactorily with €&/dust ob-
sure of a given mode. The accumulation mode is well rep-tained in the literature from multi-elemental analyses. Con-
resented by the 4th or 5th stage (50% efficiency cut-off: 170versely, on the fine fraction, as the aim is to obtain the ac-
and 270 nm, respectively), and the coarse mode by the 10tkual conversion factok, the dust conversion paramefeis
or 11th stage (50% efficiency cut-off: 2.5 and 312). fixed assuming that dust particles have the same origin as the
Although calculated here from single samplesndf co- coarse particles. It must be recalled however thaalues
efficient values for the two modes are very similar to thosemay be significantly biased according to the OC/BC separa-
obtained from the corresponding fine/coarse aerosol data s&on method, and by the lack of carbonate removal.
(Table 4). This good agreement suggests that our methodol- In the contrasted environments where we applied this
ogy may consistently apply to aerosols sampled by differentmethodology, in Paris and in Beijing regions mainly, corre-
protocols. lations leading to thé andk coefficients were found very
satisfactory and the aerosol mass closure could be attained
for each individual sample whatever the sampling durations
6 Conclusion and frequencies.
Through the calcium-to-dust relationship ¢oefficient),
This new methodology for aerosol chemical closure gets ridour methodology provides simple but reliable tools to access
of heavy sampling and analysing means, as it relies on a limto some geochemical perspectives and dust may be clearly
ited number of allocated sampling lines, and the characteridistinguished as of local versus long-range transport origin.
sation of the carbonaceous components and the ion fraction&lthough of possible competing influence, evidence is also
only. As fine and coarse particles are dominated by strik-given for gas- particle interactions in the coarse mode, ac-
ingly different sources, the operational segregation betweerording to the abundance of secondary acidic species (ni-
fine and coarse particles allows to formulate hypotheses seprates, sulphates) in the atmosphere. This dust neutralisation
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calls for a better understanding of the anthropogenic influ-Birch, M. E. and Cary, R. A.: Elemental carbon-based method for

ence on dust particles. monitoring occupational exposures to particulate diesel exhaust,
In addition, this methodology allows an original approach  Aerosol Sci. Technol., 25(3), 221-241, 1996. _

and provides useful arguments for the debate on aktual Bowen, H. J. M.: Trace Elements in Biogeochemistry, Academic,

ues. As expecteld appears to be a relevant proxy for parti- Caiﬁ;?iﬁgoégggf:é”ia L%aeﬁd Buatbhard. P Determination
cle origin and ageing and varies in the 1.4-1.8 range in the of atmospheric soot carbon with a simple thermal method, Tellus

case of Europea_n ae_rosols dominated by t_raffic. Butin multi- Series B-Chemical and Physical Meteorology, 41(B), 379-390,
sources urban situationis reflects the dominant source and  19gq9.

may notably differ to what was previously assumed. Thiscachier, H., Sarda, R., Oikonomou, K., Sciare, J., Bonazza, A.,
is illustrated by the Beijing case, where fresh aerosols pro- sabbioni, C., Greco, M., Reyes, J., Hermosin, B., and Saiz-
duced by coal combustion could havieealue as highas 1.7. Jimenez, C.: Aerosol characterization and sources in different
This unexpected value suggests that at this location carbona- European urban atmospheres: Paris, Seville, Florence and Milan,
ceous particles could be still more important than assumed in: Air Pollution and Cultural Heritage, edited by: Saiz-Jimenez,
previously (as k adopted values are generally of the order of C., Balkema, 3-14, 2004.

1.4) In complex environments such as those encountered ifrachier, H., Aulagnier, F., Sarda, R., Gautier, F., Masclet, P., Be-

megacities, we may recommend a careful analysis of sources iomgesMJ' L. Mafh%nd’ N., '?f?'a;' S, C;og, DP" ?Aal(;etj MP"
for the choice of an adequaktevalue. &, 7. Varinoni, A, bevead, . A., Roget, J. L., Futaud, J. =,

Van Dingenen, R., Dell’Acqua, A., Viidanoja, J., Santos, S. M.
D., Liousse, C., Cousin, F., Rosset, R., Gardrat, E., and Galy-
Lacaux, C.: Aerosol studies during the ESCOMPTE experiment:
an overview, Atmos. Res., 74(1-4), 547-563, 2005.
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liminary study of airborne particulate matter in a Beijing sam-
pling station by instrumental neutron activation analysis, Atmos.
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