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Abstract. The determination of atmospheric concentrations1 Introduction
of levoglucosan and its two isomers, unambiguous tracers

of biomass burning emissions, became even more importark growing number of scientific studies have recently focused
with the development of wood as renewable energy for doyn 'the apportionment of biomass burning emissions in am-

mestic heating. Many researches demonstrated the increaggant aerosol (Zheng et al., 2002; Puxbaum et al., 2007

during recent years of atmospheric particulate matter loa‘baeggeler et al., 2008; Caseiro et al., 2009). This primary

due to domestic biomass combustion in developed coungq rce emits high amounts of organic aerosol (OA) and can

tries. Analysis of biomass burning tracers is traditionally Per-|argely contribute to the organic carbon (OC) mass of partic-

formed with Gas Chromatography-Mass Spectrometry (GC+,jate matter (PM) in winter. For example in Europe, biomass

MS) technique after derivatization and requires an organic ming contributions to OC in winter have been estimated to
splvgnt extraction. A simpler and faster _technlque USiNdpe around 30, 35, 35 and 41 % in Oslo (Norway) (Yttri et al.,
Liquid Chromatography — Electrospray Ionlsa.tlo.n - tandemzoog), Vienna (Austria) (Caseiro et al., 2009), Ghent (Bel-
Mass Spectrometry (LC-ESI-MS/MS) was optimized f(_)r the gium) (Zdhal et al., 2002) andi#ich (Switzerland) (Szidat
analysis of levoglucosan, mannosan and galactosan iSOmeg 5|, 2006) respectively and contributions to organic matter
after an aqueous extraction. This techmqge allows a goog, winter is 68 % in Grenoble (France) (Favez et al., 2010).
separation between the three compounds in a very reducegontriputions of this source to total PM mass in winter are
time (rulntlme~5m|n)i LOD and LOQ of this method are 5,0yt 209 in Paris (France) (Favez et al., 2009) and 42 %
30pg ™ and 100 ugt™ respectively, allowing the use of fil- i, Grenoble (France) (Favez et al., 2010). Better source ap-
ters from low-volume sampler (@s commonly used in routine y,rionment studies, especially addressing biomass burning

campaigns). A comparison of simultaneous levoglucosaryqniripytions, will be mandatory in the near future in order

measurements by GC-MS and LC-ESI-MS/MS for about 504, respect tougher European Union regulations of the aerosol

samples coming from different types of sampling sites andyy,55¢ (EU-Directive 2008/50/CE).

seasons was realized and shows very good agreement be-OA ted by bi burming i dcularly rich |

tween the two methods. Therefore LC-ESI-MS/MS method . emitted by |0dmass hurmnglls palf icu arytr_lch '3 car-

can be used as an alternative to GC-MS patrticularly for mea_glnogeg!c com}t) 0;8 O;' sug afs polycyc ;ﬁ aroma 'CA y roctart]r—

surement campaigns in routine where analysis time is impor- ons (Simoneit, and reterences ereln). mong the
tmyrlad of molecular compounds emitted by biomass burn-

tant and detection limit is reduced. This paper shows tha the three i . hvd | | 16
this method is also applicable to other environmental sampléng' e three isomeric anhydrous sugars levoglucosan (1,6-
: : anhydro-3-D-glucopyranose), mannosan, and galactosan,
types like soil. . . .
formed during pyrolysis of cellulose and hemicellulose (Ca-

seiro et al., 2009), are the predominant organic species
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142 C. Piot et al.: Quantification of levoglucosan and its isomers

(Simoneit et al., 1999). Levoglucosan is the most abundan005; Wan and Yu, 2006; Gambaro et al., 2008; Saarnio
anhydrous sugar among the monosaccharide anhydrides (St al., 2010). linuma et al. (2009) have developed an-
moneit et al., 1999). In addition, levoglucosan consideredother analytical method based on High Performance Anion-
to be reasonably stable in the atmosphere (Fraser and Lakexchange Chromatography (HPAEC) coupled with a PAD

shmanan, 2000) is used since the 1980s as a key markeletector. Although this method allows the determination

for the apportionment of biomass burning emissions (Hornigof several tracers of biomass burning, only levoglucosan is
et al., 1985; Locker, 1988) particularly used in CMB mod- quantified among the three isomeric anhydrous sugars. Lig-
elling (Fraser and Lakshmanan, 2000). Recently, Hoffmanuid Chromatography coupled with Electrospray lonisation-

et al. (2010) nevertheless pointed out the potential oxidatandem Mass Spectrometry (ESI-MS/MS) was also proposed
tion of levoglucosan by OH radicals in the aqueous phaseéy Palma et al. (2004). But also in this case their analytical
of aerosols. Moreover, Hennigan et al. (2010) estimatedconditions do not allow the quantification of levoglucosan

a loss of levoglucosan between 20 and 90 % during smokésomers.

plume aging for typical summer conditions. These results |n this study, we present a new method based on
should be carefully considered for aged air masses and takegoupling anion-exchange chromatography and Electrospray
into account when using this tracer for biomass burning aponisation-tandem Mass Spectrometry (ESI-MS/MS), which
portionment. Another key parameter in biomass burningprovides an appropriate separation of the monosaccharide
apportionment are the ratios of levoglucosan-to-mannosa@nhydride isomers, a sensitive detection, and a fast analy-
and levoglucosan-to-galactosan that are somewhat specifigis. Tandem Mass Spectrometry allows a better selectivity
of wood types, allowing the differentiation between hard- of compounds by selecting daughter ion characteristics of
wood and softwood combustion (Schmidl et al., 2008). Forthe studied compounds (levoglucosan and its isomers). This
instance, levoglucosan-to-mannosan ratio is about 17 fofethod allows the analysis in the aqueous phase and is there-
American beech combustion and about 4 for White sprucefore applicable to a wide variety of environmental samples
combustion (Fine et al., 2004). So, the simultaneous analincluding atmospheric aerosol, soil and water (rain, snow,
ysis of the three monosaccharides is an important issugce) samples.
for biomas; bgrning study, noFany for the choice of wood  \ioreever, only few papers have compared the analyti-
burned profile in source apportionment models. . cal performance of different methods with the more widely
Very few studies deal with monosaccharide anhydridesseq gc-MS technique (Schkolnik et al., 2005; Engling et
in environmental compartments other than in the atmo-g 2006). In this study, atmospheric samples from dif-
sphere: Simoneit et al. (2004) and Otto et al. (2006) studieqerent sites and seasons were simultaneously analyzed with
soil samples, Schkolnik et al. (2005) looked at rainwater andyp| c-ES|-MS/MS method (called LC-MS) and with the
Fabbri et al. (2008) focused on lignites. However, these studyerivatization-GC-MS method in order to compare their an-
ies seem to indicate that monosaccharide anhydrides CO“'QIyticaI performances. The application of the HPLC-ESI-

be used as proxies for the detection of the impact of biomasg;s/\ms method to levoglucosan quantification in soil sample
burning events in many types of matrices. is also presented.

Analysis of molecular markers is traditionally performed
using Gas Chromatography-Mass Spectrometry (GC-MS)
technique after organic solvent extraction and derivatization
steps (Bergauff et al., 2008). Widely used for the chemi-2 Material and methods
cal characterization of atmospheric aerosol, this method is
also used for the analysis of soil samples (Simoneit et al.2.1 Reagents and materials
2004, Otto et al., 2006). Even though the reliability of this
approach is demonstrated in several studies, it requires inAuthentic standards used in this study include levoglu-
tensive sample preparation. In addition, the derivatizationcosan (1,6-anhydrg-D-glucopyranose) 99.0 % (CAS 498-
step usually based on a silylation reaction prevents the anaB7-7, Sigma-Aldrich, Steinheim, Germany), mannosan
ysis of aqueous samples. Recently, other analytical meth¢1,6-anhydro8-D-mannopyranose) (CAS 14168—-65-1, Car-
ods without derivatization step were developed for monosacbhosynth, Compton, UK) and galactosan (1,6-anhyghD-
charide anhydrides quantification using liquid chromatogra-galactopyranose) (CAS 644-76-8, TRC, Toronto, Canada).
phy. For example Schkolnik et al. (2005) used ion-exclusionStandard solutions, sample extraction, and mobile phase
chromatography coupled with a spectroscopic detection tesolutions were prepared with ultrapure water 18.2 mega
analyse directly rainwater. More recently High PerformanceOhm grade (Purelab Ultra system, Elga, High Wycombe,
Liquid Chromatography (HPLC) was coupled with various UK). Stock solutions at 10 gl were prepared by dissolving
detectors to detect sugar compounds, including pulsed amt.00 g of each compound in 100 ml of ultrapure water. These
perometric detection (PAD) (Engling et al., 2006; Caseirosolutions were stored in amber glass bottles (SCHOTT®
et al., 2007), aerosol charge detection (ACD) (Dixon andDuran®) at #C. Sodium hydroxide solutions for the mo-
Baltzell, 2006), Mass Spectrometry (MS) (Dye and Yttri, bile phase were prepared from a 50 % (w/w) NaOH solution
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J.T. Bake_r). U_Itrapure wa}er was degassed wit.h He beforerable 1. Instrumental conditions.
NaOH addition in order to limit carbonate formation.

. . Spray voltage (kV) 6.44
2.2 Sample collection and LC-MS extraction
Spray currentA) 4.46
Atmospheric particulate matter of less than 10 pm and 2.5 um Shealth gas flow rate 40.84
diameter (PMo, and PMs, respectively) were collected Auxillary gas flow rate 21.32
Sweep gas flow rate 12.03

onto QM-A quartz fiber filters (Whatman, 150 mm diam-
eter) in a high-volume sampler (flow rate 38 ht1) with
collection times of 12 or 24 h. Samples were collected in two
urban background sites in France: “Le&Res” in Grenoble
and “Cing Avenues” in Marseille, during autumn to winter
2009 and summer 2008, respectively, during the FORMEsjike_in Caseiro et al. (2.007): Elution is aqhieved in iso-
program (Favez et al. 2010; El Haddad, 2011a, b). Aftercratic mode at 1.2mlmin" with 0.5mM sodium hydrox-
collection, samples were packed in aluminum foil, sealed inide solution.  Columns are flushed and equilibrated be-
polyethylene bags and stored-220°C. Blank filter samples ~ tween two samples with an elution gradient between 0.5 and
were performed in order to estimate the contamination. Con3 MM sodium hydroxide at a 1.2mimi flow rate (run
centrations of biomass burning tracers in blank filter sampledime: 9 min). During this step, the mobile phase is not in-
were always below the detection limits of the two analytical jécted into the MS. Columns are washed overnight (after ap-
methods used (see detection limits Sect. 3.1). proximately 20 sampiles) with an elution gradient between
Soil samples were collected in the top soil horizon (be-0-> @nd 200mM sodium hydroxide at a 0.5 ml minflow

tween two and five cm depth) located under a charcoal burnf@te (run time: 15h).

ing two days after the end of the combustion, in the karstic A micrometric split valve is used to reduce the flow in-

Vercors massif (French Alps). After collection, they were air jécted to the MS at 0.8 mimirt. The analytical detector

dried at room temperature and sieved at 2 mm. is an Electrospray lonization lon Trap MS (LCQ Fleet MS,
Appropriate atmospheric sample fractions (3 to 12xm Thermo Fisher Scientific). Detection is achieved in the neg-

and soil sample fractions of 5g were extracted with 15 m|ative ion mode like in Gambaro et al. (2008) withgz 161

and 5ml, respectively, of ultrapure water with a vortex agita- {rap isolation. Parameters are optimized for the best Col-

tion during 20 min. Longer agitation and ultrasonic agitation lision Induced Dissociation (CID) efficiency with selective

were also tested. In order to evaluate extraction recoverie§urrent inm/z 101 andm/z 113, characteristic of daughter

of the two extraction methods (ultrasonic or vortex agita- 10NS of levoglucosan and its two isomers. Instrumental con-

tion), blank Whatman QM-A filters were spiked in triplicate ditiqns are reported iq Table 1. Chromatogram integration is

with a standard solution containing the three monosacchat€@lized on the selective current;/z 101+ 0.5+ 113+ 0.5.

rides in aqueous solvent at low, medium and high concen- Calibration is performed twice, at the beginning of the

trations (100, 500, and 1000 ugt). They were air dried at ~ analysis sequence and at the end of the sequence, with stan-

room temperature in order to evaporate the aqueous solvenfliard solutions containing the three monosaccharides at 100,

The results are discussed in Sect. 3.1. 500, and 1000 ugt. Samples and standard solutions are
Just before the analysis, extracts were further filtered usinjected twice for each analysis.

ing Acrodisc® filters (Pall, Gelman) with a porosity of

0.22 um previously rinsed with 40 ml of ultrapure water. Soil 2.4 GC-MS analysis

sample extracts were previously filtered using pleated filter

Capillary temperature’C)  310.07

cellulose paper. Standards and atmospheric samples are simultaneous ana-
lyzed by GC-MS as described in El Haddad et al. (2009).
2.3 LC-MS analysis Authentic standard solutions were prepared in acetone and

stored at £C. Briefly, sample fractions are extracted with a
Sample was analyzed using High Performance Liquid Chro-dichloromethane/acetone mix (1:1 v/v) using an Accelerated
matography — Electrospray lonisation — tandem Mass SpecSolvent Extractor (ASE 200, Dionex) and reduced to a vol-
trometry (HPLC-ESI-MS/MS) like presented by Piot et ume of 1 miL. A 100 pl extract fraction is trimethylsilylated
al. (2009). Liquid chromatography is performed with a with 100l of N,O-bis(trimethylsilyl)-trifluoroacetamide
Dionex pump (model DX500) mounted with Peek and vac- (BSTFA) containing 1% trimethylchlorosilane (TMCS) for
uum degasser. Sample is injected by a 449yl injectiontwo hours at 50C. This fraction is then analysis with a HP
loop. The separation is carried out at room temperature6890 Gas Chromatograph coupled with a HP 5973 Mass
(about 20°C) using a Carbopac PA-1 anion-exchange an-Selective detector (Agilent Technologies). Sample of 1 pl
alytical column (250 mnx 4 mm, Dionex) coupled with is injected in a splittess mode in an Optima 5 Accent col-
a Carbopac PA-1 guard column (50 nvd mm, Dionex) umn (Macherey-Nagel). Quantification is performed using
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144 C. Piot et al.: Quantification of levoglucosan and its isomers

Table 2. Analytical performances and linear regression parameterscIIChIoromemane and methanol (Simoneit, 2002). In the case

of levoglucosan (same performances for mannosan and galactosarf)f HPLC analysis, some studies used a water extraction as-
sisted by ultrasonic or short vortex agitation to extract sac-

LC-MS GC-MS charides because of their high solubility in water (Schkolnik
et al., 2005; Engling et al., 2006; Caseiro et al., 2007). In this

LOD¥(ug ™1 30 100 study, the efficiency of these two water extraction procedures

Masse LOD (ug) 0.06 01 \as tested. Blank filters were spiked in triplicate (100 pl or

LOQ (_“g' ) i ! 100 335 500 pl) with three standard aqueous solutions (more or less

gg‘gféﬁ:i;ﬁ”g::g;ﬁ?;igﬁgff (Hgh 20—ng 100_5'13 concentrated) containing the three monosaccharides at low,
() . . . .

RSD for low concentratidi{%6) 5 5 medium and high concentrations (representing 0.5, 2.5, and

R2 0.996 0.963 5pg of each compound respectively), in order to cover the
whole calibration range. After drying at room temperature,
a3x Standard deviation of the blank;10x standard deviation of the blank; those fl!tel’S were then extracted Wlt,h 5ml of aqueo_us ,SO|Vent'
¢ successively 5 injections of standard solution. Extraction was tested both by 20 min ultrasonic agitation and
by 20 min short vortex agitation. With the latter, the average
recoveries were 9 9 %, 88+ 28 %, and 99 9 % for lev-
selected ion current peak areas (204 for levoglucosan andglucosan, mannosan, and galactosan respectively. Average
mannosan and 217 for galactosan) and calibration curves angltrasonic agitation recovery was %3 % lower than for the
established with authentic standards and a deuterated lewshort vortex agitation method, for the three monosaccharides.
oglucosan internal standard. Calibration was checked everferformance is notimproved by longer short vortex agitation
10 samples and is performed with 8 levels of concentrationbut extraction time seems to be important for ultrasonic agi-
between 2 and 400 mgt. tation. Caseiro et al. (2007) showed the best reproducibility
(100+ 8 %) for an extraction time of 45 min. Therefore, all
further work was performed with short vortex agitation and

3 Results and discussion all results for levoglucosan were corrected using an average
extraction efficiency of 92 %. In addition, with this method,
3.1 Methods Performance the minimum solvent extraction volume is about 2 ml allow-

ing the filtration step and two successive LC-MS analyses of

The elution conditions used in the LC-MS method allow the the sample. In these conditions the maximum extracted fil-
detection of the three monosaccharides in less than 6 mifer fraction is 4.5 crhrepresenting 21 fof collected air for
with a very good separation (Fig. 1a). The levoglucosan re-a sampling at 30 fh~1 during 24 h onto a 150 mm quartz
tention time is about 2.3 min followed successively by man-fiper filters.
nosan, and galactosan. The chromatogram shows a high GC-MS analysis was optimized to quantify about twenty
resolution (Rs: peak resolution) between the three peakgompounds including monosaccharide anhydrides, acids,
(Rs=1.25 for levoglucosan and mannosan and Rs = 1.65 fomethoxyphenols and sterols (details in El Haddad et al.,
mannosan and galactosan) in a very reduced time (runtimg009). Levoglucosan retention time with GC-MS method
~5min). However, this method allows only the analysis of (17.98 min) is much longer than with the LC-MS method
levoglucosan and its two isomers. All analytical performance(Fig. 1b). In our chromatographic conditions, elution of three
and linear regression parameters for LC-MS calibration aremonosaccharides is in the following order: galactosan, man-
presented in Table 2. Limit of detection (LOD) of the ana- nosan, and levoglucosan (Fig. 1b). The analytical concen-
lytical method presented in this paper (3 times the standardration range is 100 ugt to 500 mgt?. Calibration curves
deviation of the blank) is 30 gt and the limit of quantifi-  for the three monosaccharides sh@#values above 0.963
cation (LOQ) (10 times the standard deviation of the blank) (Table 2). RSD range between 3% and 5% for high and
is 100pg i (Table 2). The analytical concentration range low concentrations analysis, respectively. LOD and LOQ
was 20 to 2000 pgt. of GC-MS analysis are 100 ugi and 333 ugt?, respec-

Calibration curves systematically shaRf-values above tively (Table 2). These concentrations correspond to a mass
0.996 for the three compounds. Analytical reproducibility, LOD of 100 ng for the extraction and analysis conditions
evaluated by the relative standard deviation (RSD) betweenlescribed in the experimental part. The GC-MS analytical
five successive injections of the same standard solution gberformances could be enhanced by increasing the precon-
concentrations of 500 and 1000 1gJ ranges between 5to centration of the sample. However, this lowering of the fi-
10 %. In conditions of extraction allowing two injections and nal volume would hamper the successive analyses of deriva-
the analysis of a sample, mass LOD is 60 ng. tized and non derivatized samples to be performed for a full

The analysis of levoglucosan by GC-MS is tradition- particulate organic matter characterization. In addition, a
ally conducted after an organic solvent extraction usinglow volume sample may lead to a loss of reproducibility
dichloromethane (Simoneit et al., 1999) or mixture of or performances.
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Fig. 1. LC-MS chromatogranfa) and GC-MS chromatogram on selectivéz(b).

In order to evaluate recoveries by the GC-MS analysisthe quantification of the lower levoglucosan concentrations.
method, filters are spiked in duplicate with 500 pl of lev- However, for larger concentrations, this method has a lower
oglucosan standard solutions in acetone at low, mediumreproducibility with a RSD value reaching 10 %.
and high concentrations. Those concentrations represent 1, Minimum solvent extraction volume for the GC-MS
10, and 250 ug of each compound by filter, respectively, af-method is about 60 ml of organic solvent mix that is thirty
ter solvent evaporation at room temperature. After ASEtimes more than LC-MS method (extraction with a minimum
extraction the samples were concentrated to 1 ml solutiorof 2 ml of aqueous solvent). In addition, LC-MS method uses
before the derivatization step and the analysis. In thesequeous solvent, thus minimizing the waste management of
conditions, the recovery for levoglucosan extraction with the analysis. Another advantage of the aqueous extraction is
dichloromethane/acetone mix solvent is#8 %. that the same water aliquot may be used for further com-

LOD and LOQ of both methods are in the same order ofpound analysis like that of ions or of other water soluble
magnitude (Table 2) but LC-MS LOD is lower than the GC- organic compounds.

MS one’s. LC-MS shows better analytical performance for

www.atmos-meas-tech.net/5/141/2012/ Atmos. Meas. Tech., 5, 1448-2012



146 C. Piot et al.: Quantification of levoglucosan and its isomers

In addition, with these optimized extraction conditions 4000
(4.5cn? in 2ml of solvent) and for a 720fsampling
collected on QM-A quartz fiber filters (impacted sur-
face = 153.9 crf), LC-MS shows an atmospheric concentra-
tion LOD of 2ng nT3. For the same extraction surface area 3000
and sampling conditions, the GC-MS method has an atmo-
spheric concentration LOD of 5ngtA. LC-MS allows to
reach lower levels of atmospheric concentration for the samew

extracted surfaces of filter. 5 2000 -
|

3.2 Comparison of LC-MS and GC-MS analysis to
atmospheric applications

1000 - y = 0.99x
Parallel analyses were conducted by LC-MS and GC-MS RZ = 0.94
methods on the same fifty atmospheric samples (a different
fraction of each sample was analyzed with each method).
Samples were collected during different seasons betweer 0 : : .
summer 2008 and winter 2009 in two urban background sites 0 1000 2000 3000 4000

located in Marseille and Grenoble, the second and the six- GC-MS

teenth most populated city in France respectively. Sampling

of 360n? and 720 were collected with High-Volume  Fig. 2. Correlation between LC-MS results and GC-MS resullts for
samplers. Concentrations were corrected by extraction effilevoglucosan. (50 samples analysed). Concentrations are irigm
ciencies. Levoglucosan concentrations covered a wide rang® &i- Error bars represent the RSD.

from 4 to 3200 ngm?® and concentrations found are in the

same range as previous measurements reported in EUropg.3  Other environmental samples analysis

For instance, Caseiro et al. (2009) measured concentrations

ranging from 20 to 400 ngm? of levoglucosan in Aus-  Tpe se of aqueous solvent for levoglucosan extraction in the
trian Reg|03n_s and Puxbaum et al. (2007) measured 0.3 1@ c_\ms method allows to consider the analysis of monosac-
1651ngmr~ in CARBOSOL sites. charide anhydrides in many environmental matrices. Lev-
Comparison between the two methods was only made fogq,cosan and its two isomers were analyzed by the LC-MS
levoglucosan since concentrations of the other monosacchgsethod in soil samples collected under wood fire combus-
ride anhydride_s (mannosan and galactosan) were lower thag, | (2 to 5cm depth) two days after the end of a combus-
the detection limit for too many samples. Results show an;o herformed to produce charcoal. Extraction with Soxhlet
excellent agreement between the LC-MS and GC-MS methy, g gichloromethane, and analyses using GC-MS were per-

ods, with a slope of:{iemost unity, within the uncertainty of o meq but no monosaccharide anhydrides were observed in
the measurement, arRr-values of 0.94 (Fig. 2). This COM-  hege analytical conditions. Water extraction (5g of soil ex-
parison validates the LC-MS method versus the more tradiyact with 5.0 mi of water during 20 min of short vortex agi-

tional GC-MS method for the analysis of atmospheric |ev- 4tion) was undertaken and followed by LC-MS analysis. In

oglucosan. With a lower detection limit for atmospheric {age conditions, concentrations of 10.0, 1.5 and 0.6fig g

analysis and faster sample treatment, LC-MS method repyere measured for levoglucosan, mannosan and galactosan,
resents a very good alternative to the widely used GC-MSiggpeciively, highlighting a noteworthy impact of fire com-

method. With this method, quantification of levoglucosan p stion on soil. Otto et al. (2006) have analyzed charred

coul'd be achieyed in' low-volume sampling conditions and pine forest surface soil samples in Canada by GC-MS af-

for field campaigns with many samples. __ter organic solvent extraction and have measured levoglu-
Several such studies are in progress in our labs in dif-cosan mannosan and galactosan concentrations of 1.0, 0.6,

ferent environment type (rural, urban, alpine site_z,,. - )1 IN-and 0.3 pg g, respectively. Simoneit et al. (2004) measured
cluding collections with low volume samplers (Btm 1) for levoglucosan concentrations of less than 0.1gig soil

week-long sampling, and for a year-long survey of eight ur-, g4j qust weakly impacted by biomass burning. Thus,
ban background sites in the &fe-Alpes Region (Piot, 2011, y4t4 reported in the literature are much lower than concen-

Piot et al., 2011) where measured levoglucosan Corjr%e”traﬁations measured in this study. This may be related to the
tions range between 4 ngh (in summer) and 1000 ng type of soil samples, or maybe due to a better efficiency of

(in winter). water extraction than organic solvent extraction for soil sam-
ples. Additional tests would be necessary to compare aque-
ous and organic solvent extraction methods but test samples
of soil with certified levoglucosan concentrations do not exist
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in order to quantify the extraction efficiency. However, the smoke in airborne particulate matter, Int. J. Environ. An. Ch., 88,
analysis of levoglucosan in soil, easily achievable with the 473-486, 2008.
LC-MS method with a low detection limit, is a promising Caseiro, A., Marr, 1. L., Claeys, M., Kasper-Giebl, A., Puxbaum,

way that can allow to evaluate the impact of forest fires in H., and Pio, C. A.: Determination of saccharides in atmo-
such environmental archives. spheric aerosol using anion-exchange high-performance liquid

chromatography and pulsed-amperometric detection, J. Chro-
matogr. A, 1171, 37-45, 2007.
4 Conclusions Caseiro, A., Bauer, H., Schmidl, C., Pio, C. A., and Puxbaum, H.:
Wood burning impact on Ph in three Austrian regions, Atmos.
Levoglucosan concentrations of atmospheric samples ob- Environ., 43, 2186-2195,2009. ,
tained with two independent methods (LC-MS and GC-MS) Dixon, R. W and Baltzell,_G.: [_)etermmatlon of Ie_voglucosan in at-
were compared and present extremely good correlation for mospherlc aerosols using hlgh. performance liquid chromatogra-
a wide range of concentrations. This shows the validity of phy with aerosol charge detection, J. Chromatogr. A, 1109, 214~

.. 221,2006.
our HPLC-ESI-MS/MS measurements for the fast quantlfl—Dye, C. and Ytti, K. E.. Determination of Monosaccha-

catipn of levoglucosan. Whereas the GC-MS allows the de- “ijje anhydrides in Atmospheric Aerosols by Use of High-
tection of allarge numbe'r of compounds and can handle large performance Liquid Chromatography Combined with High-
atmospheric concentration range, the LC-MS method allows Resolution Mass Spectrometry, Anal. Chem., 77, 1853-1858,
only to measure water-soluble compounds like levoglucosan. doi:10.1021/ac04946,12005.
Nevertheless, analytical performances are better for the LCEI Haddad, I., Marchand, N., Dron, J., Temime-Roussel, B., Quivet,
MS method (lower LOD, better recovery) than for the GC-  E., Wortham, H., Jaffrezo, J. L., Baduel, C., Voisin, D., Be-
MS method. Moreover one of the main advantages of the Sombes, J. L., and Gille, G.: Comprehensive primary particu-
LC-MS method is its rapidity, allowing the processing of late organic characterization of vehicular exhaust emissions in
large sets of samples in order to obtain data for this biomas]'sz_ France, Atmos. Environ., 43, 6190-6198, 2009.

. . . . | Haddad, 1., Marchand, N., Temime-Roussel, B., Wortham, H.,
burning marker in large field campaigns. In fact, LC-MS al-

| h vsis of harid hvdrides in | h Piot, C., Besombes, J.-L., Baduel, C., Voisin, D., Armengaud,
ows the analysis of monosaccharide anhydrides in less than A., and Jaffrezo, J.-L.: Insights into the secondary fraction of

five min with a shorter time of sample preparation using @ e organic aerosol in a Mediterranean urban area: Marseille,
cheaper and very simple extraction technique with less im-  Atmos. Chem. Phys., 11, 2059-20®j:10.5194/acp-11-2059-
pact on the environment. This extraction method can also 2011 2011a.

be applied to many environmental types, as for example soiEl Haddad, I., Marchand, N., Wortham, H., Piot, C., Besombes,
whose moisture does not allow organic solvent extraction. J.-L., Cozic, J., Chauvel, C., Armengaud, A., Robin, D., and
Finally this work has shown that anion-exchange chromatog- Jaffrezo, J.-L.: Primary sources of B organic aerosol in an
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tification of neutral species like anhydrous sugars. And in the_ 11, 2039-205810i:10.5194/acp-11-2039-2012011b.

future this method could be used to quickly characterize and"dling, G., Carrico, C. M., Kreidenweis, S. M., Collett Jr, J. L.,
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