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Abstract. This paper describes the optimization and valida-1 Introduction

tion of a new simple method for the quantitative determi-

nation of water in atmospheric particulate matter (PM). The . . ) ) .

analyses are performed by using a coulometric Karl-FisherThe interaction of water with atmospheric particulate matter
system equipped with a controlled heating device; different(PM) has been described in many research papers, mainly

water contributions are separated by the application of an opfocused on the study of the relationship between relative hu-
timized thermal ramp (three heating steps: 50120120~  Midity and water adsorbed on PM and on the effects the inter-

180°C, 180-250C). action with water may exert on the physico-chemical behav-

The analytical performance of the method was verifiegior of PM. Because of this interaction, the original physical
by using standard materials containing 5.55% and 1% byand chemical features of the atmospheric particles may un-
weight of water. The recovery was greater than 95 %; the dedergo significant variations, mainly in their size distribution
tection limit was about 20 pg. The method was then app"eo(SwietIicki et al.,1999), optical properties and residence time
to NIST Reference Materials (NIST1649a, urban particulateln the atmosphere (Sloane and Wolfe, 1985; Pilinis et al.,
matter) and to real Ph samples collected in different geo- 1995; Kreidenweis et al., 2001). Moreover, it is well known
graphical areas. In all cases the repeatability was satisfactorfiat high values of relative humidity (RH) favor the occur-
(10-15 %). rence of acid-base reactions leading to the formation of sec-

When analyzing the Reference Material, the separation oPndary inorganic salts (Baek et al., 2004; Squizzato et al.,
four different types of water was obtained. In real Rdam-  2012). Finally, from the point of view of PM sampling, the
ples the amount of water and its thermal profile differed as @@mount of adsorbed water affects the solid-vapour equilib-
function of the chemical composition of the dust. Mass per_ria of secondary ammonium salts collected on the filters, a
centages of 3-4 % of water were obtained in most samples'€chanism that is among the main responsible for sampling
but values up to about 15 % were reached in areas where trrtifacts (Vecchi et al., 2009). Although in most cases the ar-
chemical composition of PM is dominated by secondary in-tifact is negative (loss of NgNO3 due to release of N
organic ions and organic matter. High percentages of wate@nd HNQ) (Chow et al., 2005; Yuc et al., 2006; Pathak
were also observed in areas where PM is characterized b§t al., 2009), in the presence of very high RH values it
the presence of desert dust. ecomes positive, as the formation of particulatesNB3

A possible identification of the quality of water released from gaseous Nkland HNQ; is favored (Gysel et al., 2007;
from the samples was tried by applying the method to some<hlystov et al., 2009; Hu et al., 2011).
hygroscopic compounds that are likely contained in PM Of interest is also the contribution of water to the mass
(pure SiQ, Al,03, ammonium salts, carbohydrates and di- concentration of PM. The presence of considerable amounts

carboxylic acids) and by comparing the results with those®f water in PM samples, in fact, causes an increase of
obtained from field samples. PM mass concentration that might be responsible for ex-

ceedances of the regulatory limit values. It is worth noting
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1194 S. Canepari et al.: Determination of water in airborne particulate matter

that the knowledge of this contribution may be of interest and NaCl. In the second paper, the water contained on quartz
for a correct evaluation of the health effects of PM: water filters conditioned at 60 % RH was extracted by using anhy-
is harmless in itself, but it may cause a relevant variation ofdrous methyl alcohol; in these conditions water resulted to
the aerodynamic diameter of the particles and thus of theibe the individual component at highest concentration (about
ability to penetrate into the respiratory tree. 30 % of the total PM mass). In spite of the different opera-
Moreover, in many papers attempting PM mass closuretive conditions employed in these two studies, these results
the unidentified mass (difference between gravimetric deterdemonstrate that the Karl Fisher technique is suitable for de-
mination and reconstruction from single chemical analyses}ermining water in PM samples; the described methods, how-
is generally attributed to the presence of water and/or to thesver, are not appropriate for a routine use in intensive moni-
difficulty in determining an adequate conversion factors totoring campaigns because of too high detection limits (Ohta
calculate organic matter (OM) from the measurement of or-et al., 1998) and/or method complexity (Tsai et al., 2005).
ganic carbon (OC) (Balasubramanian et al., 2003; Harrison The present work reports the optimization and validation
et al., 2003; Tsyro, 2005; Almeida et al., 2006; Sasaki andof a new method for the determination of water in atmo-
Sakamoto, 2006; Perrino et al., 2007; Perrino et al., 2009spheric PM samples, easily applicable to routine field cam-
Perrone et al., 2012). A quantitative determination of thepaigns. The method is based on the use of a thermal ramp
amount of water collected on the filter would make it pos- for the selective desorption of different water contributions,
sible to distinguish the weight of these two factors and toretained by the sample with different strength. The analy-
improve the definition of OC/OM conversion factors. sis is carried out by coulometric Karl Fisher (KF) technique.
Finally, the interaction with water seems to play a role This approach is based on the results of a previous work,
in the different performance exhibited by Teflon and quartzwhere three different water contributions, released at differ-
membrane filters in sampling PM (Perrino et al., 2012). ent temperatures, had been identified by analyzing the Cer-
In spite of the relevant role played by water in the study tified Material NIST 1649a by thermogravimetry (TG) (Per-
of atmospheric PM, a quantitative determination of adsorbedino et al., 2012). In that study, however, it was not possible
water was attempted only in a few papers. Water content waso carry out a quantitative determination of the three contri-
generally determined by indirect methods, consisting of thebutions because other volatile species were released in the
differential determination of particle dimension (Dick et al., same temperature ranges.
2000; Hu et al., 2001; Rees et al., 2004; Stanier et al., 2004; The proposed method has been applied to pure hygro-
Kitamori et al., 2009) or collected mass amount (Speer etscopic materials that are commonly contained in atmospheric
al., 1997; Speer et al., 2003) before and after the exposure tBM and to real PNy samples collected in various geograph-
controlled RH conditions. These studies showed that wateical areas, so as to highlight the relationship between the
may constitute up to 20—30 % of the total PM mass and in-chemical composition of PM and the thermal behavior of wa-
dicated a dependence of the water uptake on the dimensiorisr.
and chemical composition of the particles. Water adsorption
resulted to be relevant for fine particles, characterized by high .
surface area, and for particles containing water-soluble inor2 EXPerimental
ganic salts, mainly ammonium sulphate (Speer et al., 1997'2 1 Materials
Stanier et al., 2004; Kitamori et al., 2009), and hygroscopic™

organic species such as dicarboxylic acids (Ansari and Pang; the validation of the method we used two standard
dis, 2000; Dick et al., 2000; Decesari et al., 2001; Speer et al. . aterials: HYDRANAL Water Standard KF-Oven 220—
2003). In the paper of Rees et al. (2004), the addition of they3o (HYD: Fluka Analytical) and Water Standard Oven
water content, measured by Dry-Ambient Aerosol Size Spec- o (WSO; ACS Merck KGaA), containing 5.550.05 %
trometer (DAASS), to the amount of PM macro-components ;g | 0.+ 0.03 % water, respectively.

allowed a significant improvement of the mass closure. It SiOy, Aly03, NHgHSOs, NH4Cl, NH4NOs, (NH4)2SOs

is worth noting, however, that these differential techniquesgmcose, lactose, fructose, sucrose, levoglucosan, tartaric
evaluate only the amount of surface-adsorbed water and argeiq  citric acid, succinic acid, oxalic acid, phenylalanine
not able to give information about further contributions due \,qre analytical grade (ACS Merck KGaA).

to structurally-bound water. _ _ The other materials (Saharan dust, road dust, soot from
To our knowledge, only two papers reporting a direct an-yehicylar exhaust, skin, bacteria, moulds, pollens) were taken

alytical determination of water on PM filters by the Karl- i ectly from the environment and analyzed without any pre-
Fisher method have been published up to now (Ohta et alyoatment.

1998; Tsai et al., 2005). The first one was based on the ther-

mal desorption of water at 15C from Teflon filters sampled 2.2 Karl-Fisher analysis

for two weeks; the results showed that a percentage of the

total PMp g mass ranging from 0.4 % to 3.2% could be at- Karl-Fisher is a well-established analytical technique devel-
tributed to the crystallization water of (NjpSO4, NH4NO3 oped in the first half of the XX century (Fisher, 1935). It
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is based on the quantitative reaction between water and |  Furthermore, the instrument software calculates the
which is generally electrochemically generated inside a cellamount of desorbed water by subtracting the contribution due
containing a specific solution. In the coulometric version of to the baseline drift from the final water amount; the base-
the technique, the total amount of water inside the cell is dedine drift contribution is calculated by extrapolating its initial
termined by measuring the total electric charge needed twalue to the end of the analysis. In our case, the use of the
generate 4. lodine generation stops when the end point of thermal ramp caused the increase of the analytical time with
titration is reached. The end point is indicated voltammet-a consequent increase of the drift contribution to the final wa-
rically by the drastic lowering of the voltage difference be- ter amount, which becomes comparable with the amount of
tween the wires of a double Pt electrode. water in the PM samples. Also, the drift value is variable,

In this study we used a 831 KF Coulometer (Metrohm AG, and the influence of this variability on the repeatability of the
Herisau, CH) equipped with an oven (874 Oven Sample Proanalytical results also increases with the duration of the anal-
cessor; Metrohm). The samples are inserted into glass vialgsis. In our conditions, the intra-day and inter-day variations
(6 ml, Metrohm) and placed inside the oven; water releasedvere 0.05 pg mint and 0.9 pg min?, respectively (10 repli-
when heating the sample is transferred to the measuremeitate analyses of the operative blank). To reduce the effect
cell by a carrier gas and measured. This instrumental configef the drift variability as much as possible, the measurement
uration implies the presence of a signal drift, being unfeasibleof the operative blank was carried out every two samples,
to eliminate all the water contained in the system (mainly inand the KF curve of each sample (water vs. time) was ob-
the carrier gas). In these conditions, the detection of the endained by subtracting the blank value to each point of the
point takes into account also the value of the drift. graph (see Fig. 1). This process allows a direct reading of the

Karl Fisher reagent (Hydranal-Coulomat AG-Oven, water amount on the y-axes of the graph; also, this method
Sigma-Aldrich, 100 mL) was used in the titration cell. For allows a direct subtraction of the water contribution due to
transferring the sample from the oven to the measurementhe humidity of air inside the vial, the adsorption on the vial
cell we used ambient air at the flow rate of 20 mL mippre-  walls and the content of the plastic vial cap.
viously filtered and dried by using molecular sieves (0.3nm The limit of detection (LOD) and limit of quantification
pore size, Metrohm AG, Herisau, CH). To avoid clogging of (LOQ) were calculated as three times and ten times the
the carrier gas transfer line due to the condensation of speciestandard deviation of the blank (10 replicates). For a typi-
desorbed from PM (e.g.: ammonium salts) the line and thecal intra-day variability we obtained the following results:
needle entering the titration cell were accurately cleaned evLOD =7 ug; LOQ= 25 ug.
ery day.

Before each measurement the sample vials were kept i2.3 Real PMg samples
oven at 250C for 12 h, then placed in a desiccator and trans-
ferred inside an AtmosBag (Sigma-Aldrich) filled with Ar- Twenty pairs of equivalent real PM samples were collected
gon dried by using molecular sieves. Samples were weighteduring the period November-Dicember 2011 in three differ-
by using an analytical balance Gibertini E505 (sensitivity ent geographical areas. The location in Rome (Central Italy,
0.01 mg; Gibertini Elettronica, Novate Milanese, Milan, 1) 41°5403.69' N, 12°3044.93 E) was a traffic site, about 50
and put inside the AtmosBag, where they were inserted intaneter from the nearest road (8 pairs of samples); the loca-
the vials. tion in Ferrara (Po valley, Northern ltaly, 280'55.44' N,

The instrument used in this study was equipped with a11°3340.96' E) was an industrial site, about 5km from
temperature-programmable oven that allows the setting othe city center and 1km from the nearest industrial plant
tailor-made heating ramps. This instrumental feature wag10 pairs); the location in Tel Aviv (Israel, 328654.16' N,
necessary to obtain the selective desorption of different wa34°4816.74' E) was the roof of the Tel Aviv University (2
ter contributes. However, the use of heating ramps requiregairs).
to perform some modifications to the default settings of the Daily PM;g samples were collected on 47 mm diameter
instrument software. As previously outlined, the instrumentPTFE membranes, 1 um pore size (PALL Corporation, USA)
is equipped with an automatic system that identifies the endy means of dual-channel samplers (HYDRA Dual Sampler,
point of the titration according to the return of the baseline FAI Instruments, Fontenuova, Rome, 1) equipped with two
drift to its initial value. When using a thermal ramp, it is nec- independent Plyp sampling heads compliant with EN 12341
essary to exclude the end point identification, as each returii1998). In Rome and Tel Aviv the two channels were oper-
of the drift to the initial value indicates the separation of a dif- ated at the flow rate of 2.3%h~L. In Ferrara, which is char-
ferent water contribution. As a consequence, the minimumacterized by very high relative humidity, the sampling heads
value of the voltage difference between the indicator plat-were modified in order to reduce the flow rate to 1.83m!
inum electrodes was set at 30 mV, the limit value of the drift and to avoid clogging of the sampling membranes.
was set at 1 ug mint and the total duration of the analysis  An additional collection of six parallel samples was car-
(extraction time) was fixed at 3000 s. ried during the period 14-20 December 2011 at the Fer-

rara site, by using three HYDRA Dual Samplers placed

www.atmos-chem-phys.net/13/1193/2013/ Atmos. Chem. Phys., 13, 11282 2013



1196 S. Canepari et al.: Determination of water in airborne particulate matter

1400 800
Blank signal — a- Bl:
1200 ank signa 200 | NIST1649a - Blank
——NIST1649a
1000 600
Z 500 ¥ S0
= S 400 |
2 600 >
2 £ 300
400 200
200 100 |
0 ‘ 0
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
time [s] time [s]

Fig. 1. Karl-Fisher analysis of the reference material NIST1649a. Left panel: original sample signal and blank signal. Right panel: sample
signal after blank subtraction.

side-by-side. These samples were used to evaluate the effetported two well-defined weight losses in the rang&-80
of sample conservation. 120°C and 150-180°C, which were attributed to particle-

Teflon filters were allowed to equilibrate for two days at bound water, and one wider loss in the range 225310°C
20°C and 50% RH before weighting. After sampling, fil- that was due to the release of several organic and inorganic
ters were placed in Petri dishes and stored°&.Different  species, with a possible contribution of crystallization water.
procedures were used to evaluate the effect of storage corAlthough the results obtained by KF and TG are qualitatively
ditions. Before the analysis all samples were re-equilibratedsimilar, the separation of the water contributions by the KF
and re-weighted and the plastic rings of the filters were cutmethod is lower, probably because of a higher thermal inertia
off by using a steel scalpel. in the heat transfer to the sample.

The lower panels of Fig. 2 reports the optimized ther-
mal ramp, obtained by a trial and error procedure, that was
used to perform all subsequent analyses (5min tC50
from 50°C to 120°C at 14°C min~%, 5 min at 120°C,
from 120°C to 180°C at 12°C min~1, 2 min at 180°C, from

° ° - .
The proposed method was optimized by using the Referenc&80°C t0 250°C at 14°C min~=, 20 min at 250C). In these

Material NIST1649a (National Standard Institute of Tech- conditions, we obtained a significant improvement in the an-
nology — USA), consisting of urban atmospheric particu- alytical resolution, and a profile very similar to that obtained

late matter. Although its water content is not certified and by _TG (Perrino etal., 2012). The first peak in the .drif.t graP_h’
it show some differences with respect to real famples which had not been detected by the TG analysis, identifies

(Canepari et al., 2006), this material makes it possible to perWater that can be desorbed at low temperature ¢30prob-

form the optimization phases on a rather representative ho2P!y due to moisture weakly adsorbed on the particles. The

mogeneous material. following three peaks (in the range 400-700s, 700-1100s,

The first optimization phase concerned the heating rampt100-23005) are in very good agreement with the results of
and was aimed to obtain a satisfactory separation of thdhe TG analysis and confirm the presence of different water
different water contributions to atmospheric PM. Figure 2 contributions, bound to atmospheric particles with different

shows some examples of thermal ramp (left panels) and oft"€ngth.
KF curves obtained when applying the ramp to NIST 1649a
(right panels). The total amount of water was 406 g kg,
irrespective of the selected ramp. Instead, the curve profile; 5 | Recovery
strongly depends on the thermal ramp, as shown by the drift

graph (grey lines in Fig. 2). When the heating temperatureTo calculate the exactness, we used two standard materials
is constant, the operational mode generally used in this typgHYD e WSO) containing different amounts and qualities of
of instruments, we obtain only one signal that is relative towater. Figure 3 reports the KF curves and the drift graphs of
the total water amount (Fig. 2, upper panels). The use ofthe two certified materials. HYD (upper graph) shows only
a linear thermal ramp allows the differentiation of several one water contribution, desorbing over 2@ that is due to
water contributions that are released from the sample at incrystaﬁzation water. WSO (|Ower graph) shows two different
creasing temperatures (Fig. 2, middle panels). In these condiontributions: the first one, weakly retained, is released at
tions, however, the contributions are insufficiently separatedthe beginning of the analytical run at about®) the second

It is worth noting that this linear ramp was used in previ- one is released in the range 500—-800s, at the temperature of
ous scientific works regarding the TG analysis of NIST 1648 ghout 120C.

(Matuschek et al., 2004; Perrino et al., 2012). These papers

3 Results and discussion

3.1 Method optimization

3.2 Method validation

Atmos. Chem. Phys., 13, 1193202 2013 www.atmos-chem-phys.net/13/1193/2013/
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Fig. 2. Different thermal ramps (left panels) and resulting Karl-Fisher curves (right panels) for the analysis of Reference Material NIST1649a.

Table 1. Recovery of water from standard materials HYDRANAL Table 2. Comparison of gravimetric and Karl Fisher determination

(HYD) and Water Standard Oven (WSQy.= 10. of the water contentv = 10.
Certified  Measured Recovery Water content g Kgl Recovery %
0,
K9 H9 % Gravimetry  Karl Fisher
HYD  Low (5mg) 278+3 272+15 98+ 6 SiOp 46+1 4543 98+9
High (50mg) 2775:25 281767 102+3 Molecular sieves 165 4 167+6 101+6
WSO Low (10 mg) 10@:3 101+8 101+11 Al,O3 50+ 2 48+ 2 96+ 8

High (50mg) 50015  497+28  99+09

is desorbed when heating in oven (P@for 24 hours). We

Table 1 shows the recovery of different amounts of thealso tested the molecular sieves used to dry the carrier gas
two standard materials. We did not consider amounts loweof the KF (silicate with inorganic binder), in order to verify
than 5mg in order to avoid the introduction of a high un- the influence of the material porosity on the profile of the KF
certainty contribution due to the gravimetric determination curve. The KF curves obtained for these materials are shown
and transfer of very small sample amounts. In all cases thén Fig. 4. All three materials show a contribution in the range
recovery was close to 100 %, while the repeatability was bet-0-500s, probably due to moisture weakly adsorbed on the
ter for HYD (high amounts: about 3 %; low amounts: about particles; the following part of the curves, instead, are quite
6 %) than for WSO (high amounts: about 9 %; low amounts: different. The curve of silica (upper graph) shows only a fur-
about 11 %), probably because of the lower stability of thether single contribution in the range 500-1000s. Molecular
water contained in WSO. sieves (middle graph) show a very similar behavior in the first

A further validation phase concerned the recovery frompart of the curve; with respect to silica, however, molecular
silica and alumina, which are among the hydrophilic speciessieves release a relevant amount of water also in the second
contained in PM. These compounds are thermally stable angart of the analysis (1000-1500s), likely due to the release
available on the market at high purity level; it is thus possi- of water adsorbed inside pores. Alumina shows the same pro-
ble to carry out a gravimetric determination of the water thatfile in the range 500-1000 s (lower graph), but also two other

www.atmos-chem-phys.net/13/1193/2013/ Atmos. Chem. Phys., 13, 11282 2013
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Table 2 reports the recovery values for these materials.
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is worth noting that the results reported in Table 2 refer to

very variable sample amounts (5-100 mg) and to measure
water amounts in the range 0.3—7 mg. The shape of the curve

ig. 4. Karl-Fisher curves of Si@(upper panel), molecular sieves
middle panel) and AlO3 (lower panel).

and the recovery values do not depend on the sample weight,

indicating robustness and wide linearity range of the pro-

posed method.

3.2.2 Interferences

of these species is usually very low (a few tenths of ngm
for 6,10,14-trimethylpentadecan-2-one, the most abundant
species) and their possible interference is well below the
guantification limit of the method. Another possible analyti-

It is worth noting that the KF method suffers from the cal artifact might derive from the formation of water during
interference of some classes of compounds, both organithe heating of hydroxyl compounds (Pavlath and Gregorski,
and inorganic (EPA Method 9000, 2007), some of which 1985). Also in this case, the atmospheric concentration of
are likely found in PM samples (aldehydes, ketones, carthese species is generally too low to be responsible for an
bohydrates, Fe(lll) and Cu(ll) salts). Most of these speciesappreciable artifact (Moreira dos Santos et al., 2002).

are not able to interfere in analytical techniques based on The possible positive interference of iodine reduction reac-
heating due to their very low vapour pressure (levoglu-tion due to ammonia is also highlighted in the EPA Method
cosan, glucose, fructose, sucrose) (Chow et al., 2007). A9000 (2007). In the temperature range of the proposed KF
far as carbonyl compounds are concerned, the species thatethod, ammonia is released from secondary ammonium
reach high atmospheric concentration are mostly in the vasalts, which constitute a relevant fraction of atmospheric PM
por phase (Levart and Veber, 2001). Some Authors high{Perrino et al., 2012). To verify this hypothesis, the method
light the presence of some semi-volatile ketones (n-alcan-2was applied to pure NiENO3, (NH4)2SOs and NH;Cl salts.
ones and o-Hydrocarbons Polycyclic Aromatics) (Schnelle-Measured amounts of water were 8:9.07 % for chloride,
Kreis et al., 2005, 2007), but the atmospheric concentratiorl.6+ 0.1 % for nitrate and 8.% 0.4 % for sulphate, values

Atmos. Chem. Phys., 13, 1193202 2013
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that are consistent with the hygroscopicity of these salts. 20
As reported in Perrino et al. (2012), at the maximum oper- " 099% 4 015
ative temperature of the oven (250) the thermal release 096
of ammonia from NHCI and NH;NO3 is almost quantita- 16
tive, while it is about 20 % from (Nk)>SOy. To evaluate the
interference of ammonia we considered MH, that is the
species that yields the lowest signal. Considering that all the
ammonia content of the salt is transferred in the cell, we ob-
tain a maximum signal equivalent to a water amount of 0.9 %
of the salt weight.

Considering a total ammonium amount on the sampled fil- 6
ter as high as 500 ug (very high values, corresponding to an 4 |
ammonia concentration of about 10 pgfor 24-h sam-
plings at the flow rate of 2.3#h~1) even if the measured
signal were totally attributed to interfering ammonia (anhy- 0
drous salt) we would obtain a signal equivalent to only 14 ug
of water (0.9 % of 500 ug multiplied by the molecular weight sample B [ug m?]
of ammonium chloride and divided by the molecular weight
of ammonium). We can thus conclude that ammonia interfer-F,'g' 5. chtter plot Qf the water content of Rylsamples collected
ence, if present, would in any case be negligible. side-by-side (20 pairs).

14

12 -

10

sample A [pg m3]

3.3 Real samples very different locations: a traffic site in Rome, an industrial

L . site in Ferrara (Po Valley, (Northern Italy), a urban site in
Some preliminary tests addressed the analysis of the Moste| Aviy (1srael). The collected amount of dust was vari-

common sampling media (Teflon and quartz) and the effecty, o (range: 0.5-2.9mg): the wide differences in the emis-
of the sampled filters conservation procedure on the WateEion sources and meteo-climatic conditions at these three

content. _ _sites should also assure a variety in the chemical composi-
The profile of KF curves from the analysis of quartz fiber tion of the collected dust.

filters resembles the profile of molecular sieves, in agreement According to EN 14902 (2005), the repeatability was cal-
with the common siliceous composition. Blank values, as ex- '

> , culated as follows:
pectable, were quite high (about 1400 ug per filter). The pro-
file of Teflon membrane filters, instead, was indistinguish- N
able from the blank, both before and after conditioning at Y (mia —mip)?
50% RH, in agreement with their hydrophobic characteris-,q = — . 100 r= | =2 .
tics. Teflon filters were thus considered as suitable media for 2N
PM sampling aimed at water content determination. N

The influence of the sample conservation procedure was Y (mia+mip)
studied by analyzing six groups of six equivalent pdam- ¥ _ =1
ples sampled side-by-side. One filter of each group was re- 2N
moved from the sampler immediately after the end of thewherem;, andm;p are the water amount determined on
sampling, conditioned at 2@&€ and 50 % RH for 48 hours each component of the filter pair, aid is the total num-
and then analyzed. The other five filters were left inside theber of PMyy sample pairs §¥ = 20). The obtained value
unloader of the sampler until the end of the last sampling(rrel = 10.2 %) was satisfactory and consistent with the re-
period. A second element of each group was directly con{peatability values determined for NIST 1649a and for pure
ditioned and analyzed, while other three filters were placedmaterials.
inside Petri dishes, sealed with parafilm and kept for three Figure 5 shows the scatter plot of the results obtained from
months at ambient temperatureGor—18°C, respectively.  each filter pair. The regression parameters (slope: 0.98; inter-
The last element of each group was kept for six monthscept: 0.15 ugm?; Pearson’s coefficient: 0.96) confirm the
at 5°C, before being conditioned and analysed. No signif-good analytical performance of the method also when ap-
icant differences were observed among the six profiles ofplied to real samples.
each group of samples; the analytical repeatability was about It is worth noting that the water content of our samples was
10 %, indicating a good stability of the water retained by thevery variable and reached remarkably high values, especially
particles. Storage temperature was then sef@t 5 in Ferrara and Tel Aviv. In general, water constituted about

The validation of the method on real samples was com-3—4 % of the total PM mass of the samples collected in Rome,
pleted by analyzing 20 pairs of Pl samples collected at while in Ferrara and in Tel Aviv we obtained percentages

>l ~
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Fig. 6. Examples of the Karl-Fisher curves of Rlylpaired samples collected side-by-side at the three sites (left panels) and drift profiles of
some single hydrophilic components of PM (right panels).

over 10 %, with a contribution of more than 20 ugftothe ~ The profiles of soot (sampled inside the exhaust silencer of
environmental concentration of Riyl a diesel car) and of road dust (sampled at the kerbside of a
In the left panel of Fig. 6 we report examples of the KF high-density traffic road) were very similar to the profile of
curves obtained from pairs of samples collected at the thre®M;o sampled in Rome, in agreement with the relevance of
sites. The KF profiles of the two elements of each pair arelocal traffic sources in the composition of PM in this area
alike; the three examples, however, show very different pro-(Canepari et al., 2009; Perrino et al., 2009). Water contained
files. in secondary salts and in some hydrophilic species (carbohy-
The first water contribution, in the range 0-500s, is duedrates and dicarboxylic acids) is detected mainly in the range
to weakly adsorbed moisture and is contained in all sam-1000—2000s. It is likely that the curve obtained by analyzing
ples; the amounts are in the range 50-150 pg. From 500 the samples collected in Ferrara is due to water associated to
on, the profiles become characteristics of the sampling sitethese compounds. In the area of Ferrara, in fact, particularly
with small inter-day variations. The release of water from during the winter, the formation of organic and inorganic sec-
the samples collected in Rome occurs in many steps, durendary species is favored by the occurrence of frequent and
ing the whole analytical run. The samples collected in Fer-long-lasting atmospheric stability conditions (Matta et al.,
rara show a sharp signal at about 1500 s, superimposed to2003). Saharan dust (collected at Erfoud, Morocco) in agree-
broader signal in the interval 1000—2000 s. Tel Aviv samplesment with its composition, shows a profile close to those of
show, instead, two well-defined contributions, in the rangeSiO, and AbOs, with a sharp contribution between 700 and
700-1100s and after 1500s. 1100 s. This contribution is very similar to one of the con-
Since these differences are very probably due to a differtributions detected in the filters collected in Tel Aviv, where
ent chemical composition of PM at the three sites, we carthe dust intrusions from the nearby desert are very frequent
ried out some exploratory qualitative analyses of some hy{Ganor, 1994). It is worth noting that the last contribution in
drophilic components of PM (see the drift profiles of all the these filters resembles the road dust and soot profile, as ex-
analyzed materials in the Supplementary Material). The mospected for an urban site.
interesting results are reported in the right panels of Fig. 6.
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4 Conclusions Canepari, S., Pietrodangelo, A., Perrino, C., Astolfi, M. L., and
Marzo, M. L.: Enhancement of source traceability of atmo-

The described method, employing a coulometric Karl Fisher spheric PM by elemental chemical fractionation, Atmos. Envi-

systems, allows a direct determination of water in atmo- ron. 43, 4754-4765, 2009.

spheric particulate matter. It shows a good analytical perfor-Chow, J. C., Watson, J. G., and Lowenthal, D. H.: Loss obBM

cable to routine field studies. Manage. Assoc., 55, 1158-1168, 2005.

The method was applied to a series of fgdamples col- Chow, J. C., Yu, J. Z., Watson, J, G'j Hang Ho, S. S., Bohannan,
. . T. L., Hays, M. D., and Fung, K. K.: The application of thermal
lected in different geographical areas. The results of these - ) o
field di h h h f | methods for determining chemical composition of carbonaceous
.|e §tu ies show that the water content of PM samples aerosols: A review, J. Environ. Sci. Health., Part A, 42, 1521—
is variable and can reach values over 20 pg*nuch an 1541 2007.
amount of water constitute a relevant fraction of the total pecesari, S., Facchini, M. C., Matta, E., Lettini, F., Mircea, M.,
mass of PM and may seriously affect the exceedance of the Fuzzi, S., Tagliavini, E., and Putaud, J. P.: Chemical features
regulatory concentration limit values. and seasonal variation of fine aerosol water-soluble organic com-
The use of a thermal ramp for the desorption of water al- pounds in the Po Valley, Italy, Atmos. Environ., 35, 3691-3699,
lows the separation of different water contributions that are  2001. o
bound to atmospheric particles with different strength. ThePick,W. D., Saxena, P., and McMurry, P. H.: Estimation of water
profile of the curve resulted to be characteristic of the sam- gpt{ake Ey grgaﬂ'c compounds Iln S‘ébm'%r_(l’_” aergso'; geasﬁred
pling site; the amount and variety of water is then probably uring the Southeastern aerosol and visibility study, J. Geophys.

. . 2 Res., 105, 1471-1479, 2000.
linked 1o the chemical characteristics of the dust. EN12341: Air Quality. Determination of the PM10 fraction of sus-

pended particulate matter — Reference method and field test pro-

| ial related hi icle i cedure to demonstrate reference equivalence of measurement
Supplementary material related to this article is methods, Brussels, 1998.

available online at: http://www.atmos-chem-phys.net/13/  gn 14902: 2005 Ambient air quality — standard method for the mea-

1193/2013/acp-13-1193-2013-supplement.pdf surement of Pb, Cd, As and Ni in the PM10 fraction of suspended
particulate matter, 2005.

EPA Method 9000: Determination of water in waste materials by
Karl Fischer titration, 2007.

Fisher, K.: Neues Verfahren zur maBanalytischen Bestimmung des
wassergehaltes von ilsigkeiten und festendfpern, Angew.
Chem., 48, 394-396,1935.

Ganor, E.: The frequency of Saharan dust episodes over TelAviv,
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