Atmos. Meas. Tech., 4, 2409419 2011

www.atmos-meas-tech.net/4/2409/2011/ GG\ Atm OSPhe ric

doi:10.5194/amt-4-2409-2011 Measurement
© Author(s) 2011. CC Attribution 3.0 License. Techniques

On the quantification of atmospheric carbonate carbon by
thermal/optical analysis protocols

A. Karanasiou®, E. Diapouli?, F. Cavalli®, K. Eleftheriadis?, M. Vianal, A. Alastuey!, X. Querol!, and C. Reché

Linstitute of Environmental Assessment and Water Research (IDAEA-CSIC), Barcelona, Spain

2nstitute of Nuclear Technology and Radiation Protection, Environmental Radioactivity Laboratory, National Centre of
Scientific Research “Demokritos”, 15310 Ag. Paraskevi, Attiki, Greece

SEuropean Commission, Joint Research Centre, Institute of Environment and Sustainability, via E. Fermi, 2749, 21027 Ispra,
Italy

Received: 22 July 2010 — Published in Atmos. Meas. Tech. Discuss.: 25 November 2010
Revised: 13 October 2011 — Accepted: 30 October 2011 — Published: 10 November 2011

Abstract. The objective of this work was to study the pos- where CC concentrations are expected to be significant e.g.
sibility of identifying and quantifying atmospheric carbon- Southern European countries. This case study suggests that
ate carbon (CC) by thermal-optical analysis. Three differ-users of the semi continuous Sunset analyzer can manually
ent temperature protocols, two modified NIOSH-like proto- integrate the sharp peak (if present) at the maximum temper-
cols (RT-QUARTZ-840 and RT-QUARTZ-700), and the EU- ature step of the He mode (between 128-130 and 160-165s
SAAR_2 protocol were tested on filter samples containing when using the RT-QUARTZ-840 protocol) and calculate the
known amounts of CC with the semi-continuous Sunset ana€C concentration though with a rather high error.

lyzer. Carbonate was quantified by the manual integration of
the sharp peak appeared at the maximum temperature step

of the inert mode. High recoveries of CC were achieved1 |ntroduction

by all the thermal protocols. Using the EUSAARther-

mal protocol, more than 95 % of CC evolved as OC during Carbonaceous particulate matter, usually classified into two
the maximum temperature step in inert atmosphere for CGategories, organic carbon (OC) and elemental carbon (EC),
amounts up to 56 ug. Using the RT-QUARTZ-840 protocol constitutes an important component of the atmospheric
specifically developed for on-line analyses, CC completelyaerosol forming typically 10 to 50 % of the total particulate
evolves as OC during the maximum temperature step in thenatter (PMo) mass concentration (Putaud et al., 2004, 2010;
inert node, regardless of the CC concentration. However, theyttri et al., 2007; Pio et al., 2001). OC can be of both pri-
quantification of CC by the RT-QUARTZ-840 protocol suit- mary and secondary origin, i.e. emitted directly into the at-
able for the semi-continuous analyzer implies a high levelmosphere or formed by the condensation of compounds pro-
of uncertainty (manual integration, residual contribution of duced in the atmosphere by photo-oxidation of volatile or-
organic carbon). Therefore, it is advisable to determine CCganic precursors (Fuzzi etal., 2006). In contrast, EC is exclu-
with an independent method (e.g. by acidic decomposition ofsively of primary origin (incomplete combustion of carbon-
CO%‘ and subsequent detection of ©@vhen other sample  containing fuels).

aliquots are available. The comparison of the peak integra- Thermal-optical analysis has been widely used for the de-
tion method with the direct determination of the CC sam- termination of OC and EC (Phuah et al., 2009) in atmo-
ple content by acidic C@release showed that the peak in- spheric aerosol samples. According to this method, the car-
tegration method provides always higher CC concentrationgonaceous species are thermally desorbed firstly in an inert
of about 33%. Nevertheless, the determination of CC withatmosphere (He) and then in an oxidizing atmosphere (mix-
the RT-QUARTZ-840 protocol may be considered in casesture of He and @). Ideally, OC desorbs in the inert atmo-
where on line monitoring instruments are used and for areagphere while EC combusts in the oxidizing atmosphere at
high temperature. However, some OC is pyrolytically con-
verted to EC (char) when heated up in inert atmosphere.

Correspondence toA. Karanasiou This process that darkens the filter, is used to correct for
BY (angeliki.karanasiou@idaea.csic.es)  charring, by continuously monitoring the transmittance (or

Published by Copernicus Publications on behalf of the European Geosciences Union.



http://creativecommons.org/licenses/by/3.0/

2410 A. Karanasiou et al.: On the quantification of atmospheric carbonate carbon

reflectance) of the filter during the analysis (Bae et al., 2004,0f a dust source region (Loess Plateau, China), the average
Birch and Cary, 1996). The most commonly employed ther-level of CC measured (by acidification) in BNl during five
mal protocols for the analysis of OC and EC in atmosphericdust storms in spring 2002 was 7.2 ug#{Cao et al., 2005).
aerosols are the IMPROVE (Chow et al., 1993), the NIOSH The decomposition temperature of carbonate may vary de-
(Birch and Cary, 1996), and the EUSAAR(Cavalli et al.,  pending on a nhumber of factors (Chow et al., 2001 and ref-
2010) protocols. Although these protocols show good agreeerences therein), including the mixture of calcium carbonate
ment for total carbon (TC) determination, they yield different with other materials, the chemical composition of the carbon-
OC and EC concentrations (Chow et al., 2001; Schmid et al.ate compound (e.g. CaG®s. CaMg(CQ)»), and the crystal
2001). Furthermore, they are not all well characterized withform of the carbonate compound (e.g. calcite vs. aragonite
respect to interferences by carbonate. vs. amorphous CaCGf). Carbonate thermal decomposition
Carbonate carbon (CC), another primary carbonaceouss also expected to depend on the material grain size (Chow
species present in natural ground and building/demolitionet al., 2001). Furthermore, as various protocols have differ-
dust, is generally not considered in many atmospheric chement temperature set points and plateau duration, CC can be
istry studies. The reason for this may be its low contribution detected at different temperatures. Indeed, CC was reported
to the atmospheric fine particle mass concentration in mosto evolve during the maximum temperature step in He, i.e.
studied areas (Sillaida et al., 2005), along with the lack of a between 700C and 850C (Miyazaki et al., 2007; Birch
robust and popular technique to determine CC concentratiomnd Cary, 1996) for a NIOSH-type protocol (i.e. reaching
in atmospheric aerosols (Jankowski et al., 2008). >700°C in the inert atmosphere mode during the last tem-
However, CC concentrations may be significant in cer-perature step only). In contrast, g@as observed to evolve
tain areas and/or under specific meteorological conditionsfrom laboratory-grade calcium carbonate at the B5Get
For instance, soil dust outbreaks may greatly increase th@oint with the IMPROVE protocol (Chow et al., 2001). How-
ambient PM air levels especially in Southern Europe andever, Cavalli et al. (2010) demonstrated recently that natural
across the Mediterranean basin. Sillampet al. (2005) calcite decomposes at 690 but not at 550C in the inert
measured carbonaceous aerosol in six European cities (i.enode of the analysis performed with a Sunset OCEC labo-
Duisburg, Prague, Amsterdam, Helsinki, Barcelona andratory analyzer. Actually, CC could well interfere with the
Athens) and detected carbonate carbon (by thermal-opticadetermination of OC or EC, depending on carbonate charac-
analysis) in the aerosol coarse fraction (BMPM,s) of teristics, and on the thermal protocol employed (SilkEnet
Athens and Barcelona. In that study, CC was mainlyal., 2005; Sciare et al., 2003; Schmid et al., 2001). If not ac-
present as CaCOwith an average coarse fraction con- counted for, the interference of CC with the OC or EC signal
centration of 15.9 ug m? (9.8-29.2 ugm?3) in Athens and  can lead to an overestimation of the OC or EC concentration.
2.6 ugnr3 (0.3-6.3 ug m3) in Barcelona (over 7weeks in  This overestimation might be negligible for fine mode OC
spring-summer 2003), accounting, for 55% and 11 % of theand EC concentrations, as the contribution of CC tpBM
coarse aerosol mass concentration in Athens and Barcelonggenerally very low (Querol et al., 2004). But it can be sig-
respectively. In Athens, a daily average RMoncentration  nificant for PMg or coarse OC or EC concentration. Indeed,
of 441 ug m3 was also reported during an intense dust eventkoulouri et al. (2008) showed that without the subtraction of
by the Greek Ministry of the Environment with an hourly CC, thermal-optical analysis of coarse aerosol samples from
PM;o mass concentration reaching at 2384 pjifAthanas-  Finokalia in Crete (Greece) would overestimate organic car-
siadou et al., 2006). In Eastern Mediterranean, severe dudion content by 20 % when using a NIOSH-like protocol.
events have been reported, where gMaily (24 h average) In previous works CC was determined by integrating the
concentrations exceeded 200 pgtin Crete (Gerasopoulos peak appeared during the transition to the maximum tem-
et al., 2006) and reached a maximum of 326 |1G ralong perature step of the inert mode of a NIOSH-like protocol
Mediterranean Tunisian coasts over year 2002—-2003 (KocakMiyazaki et al., 2007; Xu et al., 2004; Schauer et al., 2003;
et al., 2007). Recently, Querol et al. (2009) quantified theBirch and Cary, 1996). Alternative methods were described
African dust contribution to Plyp concentration at 21 re- by Jankowski et al. (2008) and Cavalli et al. (2010), which
gional background sites across the Mediterranean basin. Thequire a separate analysis for CC determination.
highest mean annual net African dust contribution to;5M The objective of this study is to determine how well atmo-
was observed in the Eastern part of the Mediterranean Basigpheric carbonate can be identified and quantified using only
and specifically, at Finokalia (Crete, over year 2004—2006) the thermal optical analysis. Three different temperature pro-
and at Ayia Marina (Cyprus, over year 2003—-2006) reach-tocols (namely EUSAAR2 and two modified versions of
ing values of 10 ug m® and 9 pg n3, respectively. Atthese the NIOSH protocol, RT-QUARTZ-840 and RT-QUARTZ-
sites during African dust outbreaks, daily PjMevels were  700) were tested against standard samples containing known
frequently above 100 pgni and the characterization of in- amounts of CC. The RT-QUARTZ-840 protocol was ap-
dividual particles revealed that Cag@rmed up 30-40% plied to ambient samples from sites characterised by fre-
of the PMp particle number. Dust storms are also frequentquent African dust intrusions: Barcelona (Spain) and Athens
in Eastern Asia. For example, at Xi'an located at the margin(Greece). Off-line thermal-optical measurements of CC in
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samples from Barcelona were confronted to other method®.2 Standard samples
(fumigation, acidification). The precision of on-line CC mea-

surements performed in Athens with the RT-QUARTZ-840 The studied CC concentration range covers extreme dust
protocol was also investigated. events reported in the literature, in particular by Kocak et

al. (2007), by Gerasopoulos et al. (2006) and by Silééngt
al. (2005). The chemical characterization of airborne African
dust plumes suggests that it is mainly composed of silicate
(i.e. of Al-felsic silicates and of Si-felsic silicates roughly in
) equal proportions) with CaC{xrepresenting at a very max-
2.1 Instrumentation imum 40% of the PMp aerosol particle number (Querol
et al., 2009; Kandler et al., 2007). This composition has

In this study two OCEC Sunset analyzers were used: a sembeen applied to estimate the maximum mass concentration
continuous OCEC field instrument (Sunset Laboratory Inc.)of CaCQ expected during the episodes mentioned above.
installed at the N.C.S.R. “Demokritos” Athens urban back- The corresponding CC concentrations (in pg CCénhave
ground site (GAW-DEMhttp://gaw.empa.ch/gawsis/reports. been calculated for three cases differing for sampling condi-
asp?StationID=20762027p&nd a laboratory OCEC ana- tions and analyzer configuration (Table 1). Case 1 represents
lyzer installed at Barcelona (IDAEAttp://www.idaea.csic.  a 24 h sampling with a flow rate of 1%h~1 on a 47 mm diam
es). This latter is primarily used for the analysis of Ryl filter; Case 2 corresponds to a 3 h sampling with a flow rate
PMzs and PM samples collected at a Barcelona urban site,0.48 n? h—1 on a 16 mmdiam filter and on-line analysis us-
belonging to the local air quality monitoring network and ing the semi-continuous OCEC analyzer (i.e. conditions em-
for samples collected at the EUSAAR regional backgroundployed in Athens field study, Sect. 3.3); and finally Case 3
site, Montseny (MSYhttp://www.eusaar.net/files/overview/ represents a 24 h sampling with a flow rate of Fm! on
infrastructures-descript.cfim For the determination of OC 3 150 mm dia filter (i.e. conditions adopted by the field study
and EC on a routine basis the EUSAARhermal protocol  in Barcelona, Sect. 3.3).
is used. Thirty-two standard samples of CC were prepared in the

The semi-continuous instrument is equipped with an in-laboratory by depositing known amounts of powdered cal-
line parallel carbon denuder, so that the sample is denudedium carbonate (Merck, CaG® on pre-weighted quartz
of volatile gases during sampling. A cyclone was usedfibre filter punches (PALLFLEX, Tissuquartz). Although
upstream of the instrument to pass particles smaller thartommercial precipitated CaGOmay differ from atmo-
2.5um. Aerosol particles are collected at a sampling flowspheric carbonate, was previously used to prepare carbon-
rate of 8 Imirm? on a round 16-mm quartz fibre filter which ate carbon standards (e.g. Jankowski et al., 2008; Chow et
is mounted inside the instrument. The quartz fibre filter isal., 2001). Weighing was conducted with a Sartorius mi-
always installed with a second backup filter, mostly to servecrobalance after 48h of equilibration in a room maintained at
as support for the front filter. After collection, the oven of the 20+ 1°C and 50+ 5% RH (according to EN12341, 1998).
instrument is purged with helium and the temperature is in-The filter punch (16 mm diam) loaded with Cag®as cov-
creased in multiple programmed steps based on the selecteed by a second blank filter punch to avoid any loss (in
thermal protocol. The evolved organic carbon flows throughthe semi-continuous instrument two filter punches are always
a manganese dioxide (Mn®oxidizing oven and all carbon used during the analysis). Standard samples containing 25—
is transformed into carbon dioxide (GD The CQ is then 220 pug CC/punch were prepared. This is much larger than
guantified by a non-dispersive infrared (NDIR) detector. Thethe CC amounts expected to be collected during dust events
oven is cooled prior to the second part of the analysis, wherdTable 1), but an accurate reference value for lower concen-
the oven is purged with a mixture of 2% oxygen in helium trations could not be obtained by gravimetric analysis. In
and the sample is again heated in steps. During this stage, adirder to better simulate “airborne CagQadditional three
remaining carbon on the filter, including elemental carbon,test samples were prepared by collecting commercial pre-
is oxidized, the oxidation products are carried through thecipitated CaC@ suspended in a clean chamber on quartz
MnO3 oven, and carbon is detected by the NDIR detector adibre filters. A TOPAS 210 polydisperse aerosol atomizer
CO,. For charring correction a He-Ne laser beam monitorswas used for this purpose while the Cags@ass deposited
the sample transmittance throughout the heating process. Ain the quartz fibre filter was calculated by weighing on a
the time where the laser signal returns to its initial value, the5 digit balance (Sartorius, BP211D). The CC concentration
split point between OC and EC is set (Birch and Cary, 1996).0on the filter samples prepared with this method was in the

The operating principle of the laboratory OCEC analyzer range 10-56 pg(C). All samples were subsequently analyzed
is similar to the semi-continuous analyzer with the difference0ff-line, using the semi-continuous OCEC field instrument
that the CQ produced is converted into GHind detected by ~ (Sunset Laboratory Inc.).
a Flame lonization Detector (FID), which improves the limit
of detection.

2 Methodology

www.atmos-meas-tech.net/4/2409/2011/ Atmos. Meas. Tech., 4, 24092011


http://gaw.empa.ch/gawsis/reports.asp?StationID=2076202728
http://gaw.empa.ch/gawsis/reports.asp?StationID=2076202728
http://www.idaea.csic.es/
http://www.idaea.csic.es/
http://www.eusaar.net/files/overview/infrastructures-descript.cfm
http://www.eusaar.net/files/overview/infrastructures-descript.cfm

2412 A. Karanasiou et al.: On the quantification of atmospheric carbonate carbon

Table 1. Expected atmospheric CC concentrations during dustral calqite sample with this protocol showeq that CC decom-
events based on previous published studies. poses in the inert mode around 6%D(Cavalli et al., 2010).

2.4  Fumigation with HCI

Gerasopoulos Kogak Sillaga . . . .
etal. (2006) etal. (2007) etal. (2005) FOr comparison with the determination of CC by the RT-

QUARTZ-840 protocol, two high-loaded urban aerosol sam-

=3

PMio (g T ) 200 326 les from Barcelona, as well as a standard carbonate sample,

Mineral dust (kg m) 130 222 P _ _ : . np

CaCQ; (ugnr3) 26 a4 29 were fumigated with HCI prior to thermal-qpncal analysis,
for the removal of their CC content (Cachier et al., 1989).

CCpgent?2 (CASE 1) 5 9 3 During the fumigation procedure, the filter punches were

CCpgent ; (CASE 2) 2 4 3 placed on a perforated tray and set above a glass beaker con-

CCugent~ (CASE 3) 13 22 15 taining concentrated hydrochloric acid (Merck, 37 %). They

were exposed to the acid vapors for about one hour and then
were placed in a clean hood for one hour again, in order to
allow the residual acid to volatilize. It must be noted however
2.3 Thermal protocols that this procedure has been known to cause damage in the
combustion oven of the OCEC analyzer due to the possible
In this work, three different thermal protocols were applied: incomplete volatilization of the residual acid (Cavalli et al.,
(1) RT-QUARTZ-840, a NIOSH-like protocol with a max- 2010).
imum temperature of 84 in the He-mode which is the ) o S
default thermal protocol in the Sunset semi-continuous an2-5 Direct determination of CC by acidification and
alyzer, (2) RT-QUARTZ-700, a modified NIOSH protocol subsequent CQ detection
with a maximum temperature of 70Q in the He-mode and
(3) EUSAAR 2 protocol with a maximum temperature o
650°C in the He-mode. A detailed description of each pro-
tocol is given in Table 2.

f Specific techniques for determining carbonate concentrations
in various matrices have been known for more than 15yr
(Pio et al., 1994 and references therein). The determina-
. . . tion of CC in atmospheric PM samples deposited on filters
Briefly, a NIOSH-like protocol (NIOSH, 1999) with a by acidification and determination of the g@volved as

maximum temperature in the He-mode around #ahas first described by Cadle et al. (1980) and validated by Pio et
been extensively used for urban aerosol samples. When

applying this protocol, Subramanian et al. (2006) haveal' (1994) is simple, accurate, and easily implementable by

X . . laboratories that already perform OC and EC analyses. In-
observed loss of light-absorbing carbon in the |_|e'mOde'deed,suitable glassware that contains the concentrated phos-

%horic acid (HPQy) is the only equipment needed if use is
made of the C@ detection chain of the OCEC instrument.
%he glass enclosure has to be fully flushed by a carrier gas

by oxygen supplied by mineral oxides in the particle mixture (He). The filter punch is dropped into the concentrated phos-

g . o . horic acid (HPQy), and CQ that evolves (Eq. 1), is carried
on the filter. Nevertheless, the increase in light transmittanc . ,
and reflectance observed at 88Din the He stage could be %)o the detector of a commercial OCEC analyzer by the carrier

also attributed to the evolution of light-absorbing OC prod- gas.
ucts or of pyrolytic ca_rbon (Yu et _al., 2002). Birch and O§’+2H+—> COy+H20 (1)
Cary (1996) found that in a NIOSH-like protocol CC evolves
during the maximum temperature step of the inert mode ofSPiking quartz fibre filter punches with known amounts of
the analysis between 700-88D. Thus, in a NIOSH-like CC contained in 10 pl of N8 O3 solutions, we checked that
protocol, this carbon peak, when present in ambient aerosdhe CC recovery of this technique is 99 % over the range 1.8—
samples, could be attributed to CC so its concentration is del2 ug CC.
termined by the manual integration of this peak.

EUSAARZ_ has_ been re<_:ently developed for regionz_il 3 Results
background sites in order to improve the accuracy of the dis-
crimination between OC and EC. The use of lower temper-3.1  Detection and recovery of carbonate
ature steps and of longer residence times aims at the reduc-
tion of pyrolysis and at a more complete evolution of OC We firstly tested the recovery of CC by the three dif-
(by favouring its volatilization), while early evolution of light  ferent protocols, namely RT-QUARTZ-840, RT-QUARTZ-
absorbing carbon species is prevented by lowering the max700 (version for semi-continuous analyzer) and EUSAAR
imum temperature in the He-mode. The analysis of natu-Standard samples containing 25-220 ug CC/sample were

700°C, in order to limit premature evolution of EC. Chow et
al. (2001) also suggested that the fraction of carbon evolvin
at around 850C in inert-mode may be EC, which is oxidized
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Table 2. Thermal protocols used: Temperatut€j, Duration (s).

RT-QUARTZ-840 RT-QUARTZ-700 EUSAAR
Step Carbon peak Temperature, Temperature, Temperature,
Duration Duration Duration

Hel OC1 600, 95 600, 95 200, 120

He 2 OoC2 840, 90 700, 90 300, 150

He 3 OC3 0, 33 0,33 450, 180

He 4 OC4 550, 2 550, 2 650, 180

He 5 0, 33

He/O, 1 EC1 550, 30 550, 30 500, 120

He/O, 2 EC2 550, 25 550, 25 550, 120

He/O, 3 EC3 650, 45 650, 45 700, 70

He/lO, 4 EC4 870, 80 870, 80 850, 80
analysed. The three thermal protocols tested, provided a 025 o5or 000
rather accurate estimate of the CC content (Figs. 1, 2and 3) R?=0.99 -7
The regression slope was about 0.90, withR&value close £ ) ,//‘
to 1. The intercepts of the regressions in Figs. 1, 2, 3 were§ o1s "
negligible equal to-0.003,—0.002 and +0.004 and respec- é o0 e
tively. This recovery test demonstrates that CC decomposesg P
almost completely during thermal optical analysis regardless  oos «/’o’/; Z
of the protocol implemented. Since a recovery of 90 % was 00 k2”” |
found for these high CC content levels, it can be assumedtha 005 0.10 015 0.20 025
at least similar recovery rates can be obtained with lower CC CC added (mg)

amounts corresponding to atmospheric dust concentrations.
In order to better characterise the behaviour of CC in rela-

tion to each temperature protocol, we conducted further ex
periments using the test samples which were prepared fron?

precipitated CaC@suspended in a clean chamber and sam-
pled on a quartz fibre filter as aerosol particles. The CC con-
tent of the filter samples prepared with this method was in
the range 10-56 ug(CC). These filter samples were analyse:
using the RT-QUARTZ-840 and the EUSAARprotocols,

which are the most widely used at European monitoring sites
with both the semi-continuous and the laboratory OCEC an-

alyzers.

The thermograms obtained with the EUSAARprotocol

CC measured (mg)

from the analysis of 10, 15 and 56 pg of CC indicated that
100, 96 % and 95 % of CC respectively evolved in the OC4
step of the analysis at 65C, and the remaining in the EC3
step at 700C. In Figs. 4 and 5 the thermograms of the anal-
ysis of 10 and 56 ug CC by EUSAAR protocol are given.
The thermograms obtained with the RT-QUARTZ-840 proto- Fig. 2. Regression between CC quantities measured by the RT-
col showed one single sharp peak at the maximum tempe,—aQUARTZ-7OO thermal protocol and CC quantities initially added
ture step (846C) of the He mode regardless of the deposited O filter blanks.
amount of CC up to 56 ug (Fig. 6).
In general, for the amount of CC collected even during ex-
treme dust events as reported in Table 1, CC will completelywill therefore interfere only with the determination of OC.
evolve in the inert mode of the analysis with all three ther- The concentration of CC might be determined by integrat-

mal protocols (af” < 650, 700, and 84%C for EUSAAR 2,

¢ RT-QUARTZ-840

0.25

- = =1-1line

Linear (RT-QUARTZ-840)

Fig. 1. Regression between CC quantities measured by the RT-
UARTZ-840 thermal protocol and CC quantities initially added
on filter blanks.

y = 0.89x - 0.00
R?=0.99 _-
0.20 —
-
- '/‘
0.15 —=
- - g

-

0.10 —
- < *
B
0.05 ‘/’
~
-
_-
0.00
0.00 0.05 0.10 0.15 0.20 0.25
CC added (mg)

¢ RT-QUARTZ-700

- = =1-1line

RT-QUARTZ-700 and RT-QUARTZ-840, respectively), and decomposition of CC.
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Linear (RT-QUARTZ-700)

ing the CQ peak that could be specifically attributed to the
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Fig. 3. Regression between CC quantities measured by the EUFiIG- 5. EUSAAR 2 thermogram for a blank and a CC-loaded

SAAR_2 thermal protocol and CC quantities initially added on filter filter (56 ug) (He-mode: 1-230s, Hejanode: 231-410s and
Calibration-mode: 410-510s). The vertical lines represents the

blanks.
splint point between OC and EC. The response of the NDIR de-
<000 1200 tector is givenin relative units.
. He-mode _ | He/O;mode Calibration
" "1 1000
2 - 12000 __ 1000
E 4000 500 % . He-mode R He/0;made - CallbratlonL 500
3 g , 10000 800
= 3000 600 & E ¥
£ 3 5 s000 700 g
2 200 E [ 600 2
O 2000 - = B000 [ 500 3
v L 200 =) <—E Fao0 g
= 4000 Fso0 &
(=]
1000 0 L
< 2000 e 200
0 200 400 500 800 1000 — 100
Analysis time (s) a o

Temperature 1 51 101 151 201 251 301 351 401 451 501
Analysis time (s)
b | IE 1314 ——CC=56pg

e a0k ——CC=10pg

Temperature

Fig. 4. EUSAAR.2 thermogram for a blank and a CC-loaded

filter (10 ug) (He-mode: 1-230s, Hefnode: 231-410s and .
Calibration-mode: 410-510s). The vertical line represents theFig- 6. RT -QUARTZ-840 thermogram for a blank and a CC-loaded

splint point between OC and EC. The response of the NDIR de-filter (56 pg) (He-mode: 1-673s, Hej@node: 674-1063s and
tector is given in relative units. Calibration-mode: 1064-1163s). The vertical line represents the

splint point between OC and EC. The response of the NDIR detec-
tor is given in relative units.

3.2 CC peak integration and comparison with

fumigation by HCI
This methodology was tested versus the HCI fumigation

In this study we applied the RT-QUARTZ-840 protocol to procedure for the removal of CC (NIOSH, 1999). One stan-
determine CC in real atmospheric samples by manually intedard CC filter sample, as well as two urban aerosol filters col-
grating the sharp “OC2” peak occurring during the transition lected in Barcelona site (with high CC content), were fumi-
to the maximum temperature plateau in the inert mode of thegated with HCI, prior to being analyzed by the RT-QUARTZ-
analysis. It should be noted that CC is not automatically de-840 protocol. The fumigation treatment almost entirely re-
termined by the OCEC Sunset analyzers: the analyst has tooved CC (by approximately 99 % according to the initial
calculate the CC amount (if detected) by using the manual inquantity added) from the standard CC sample. The thermo-
tegration option available in the calculation program. Basedgrams obtained from one of the urban aerosol samples, prior
on the feature of the CC peak observed on CC standard thegnd after HCI fumigation, are presented in Fig. 7. Fumiga-
mograms, CC was estimated by integrating the OC2 peak ofion led to a large decrease of the peak attributed to carbon-
the RT-QUARTZ-840 protocol between 128-130 and 160-ate carbon (by approximately 86 %, in both of the ambient
165s. The uncertainty of the manual integration due to thefilter samples). However, we noticed changes in the organic
definition of the time integral of the CC peak was calculated.carbon volatility properties after the fumigation. The area
The definition of the time integral influences the CC concen-of OC1 peak was larger after the fumigation. This indicates
tration by 3—12 % with the highest uncertainty associated tothat a fraction of OC, which was evolving as OC2 (840)
the lowest concentrations. from the untreated sample, evolves at lower temperature (i.e.
600°C) after the treatment with HCI. Moreover, fumigation
with HCI has been shown to cause loss of volatile organic
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5000 1200 determined on-line from 3 hr - integrated samples by the
so00 LT _efOmode _Calloration | 00 semi-continuous Sunset instrument during November 2009—
—\ February 2010. A PMs cut-off cyclone was employed along
890 with the semi-continuous OCEC analyzer.

500 OC, EC and CC concentrations recorded at the sampling
\ 200 sites in Athens and Barcelona are presented in Table 3.
_,)/ - CC was not detected in PMambient samples collected in
1000 _/ 200 Barcelona. The lowest CC concentration that could be de-
0 B I R tected in PMgand PM s was 0.04 pg m3. As expected, CC
0 50 100 150 200 250 300 350 400 450 500 concentrations in PMy and PM 5 were generally low with

Analysis time (s) respect to OC but CC concentration in RMeached half of
Treated with HCl Temperature the EC ambient concentration at Barcelona on 19 June 2008.
This fact points out the importance to ensure that CC evolves
together with OC rather than with EC during the thermal-

mode: 231-410s and Calibration-mode: 410-510s). The verticaPptlcal analysis. On average, the concentration of CC in

3 . B
lines represent the splint point between OC and EC. The responsg'\/I10 was 0.59 ugm* at the Barcelona S't_e’ accounting for
of the NDIR detector is given in relative units. about 10 % of the total carbon concentration.

For the maximum concentrations of CC observed at

both Athens and Barcelona sites, back-trajectories analysis
compounds. Salts of volatile organic acids, if present, will (Draxler and Rolph, 2010) revealed African dust intrusions
react with HCI and will be correspondingly missing from the (Fig. 8). For the Athens site, these events were detected on
OC fraction if fumigation is used (Chow et al., 1993). Con- 18-19 November 2009 and 18-20 February 2010 while for
sequently the decrease of OC2 peak area cannot be solefjarcelona occurred on 25-26 June 2008.
attributed to CC loss. Furthermore, a small wide peak (about For the 24 h samples collected in Barcelona, a complete
14 % of the OC2 peak area) remains after the treatment wittthemical characterisation was available. The measured CC
HCI, suggesting the presence of organic compounds that coconcentrations were compared to the maximum CC concen-
evolve with CC in the OC2 peak during the highest temper-trations calculated as 0.3 (12/40) times the corresponding
ature step in the He mode. The estimation of CC shouldtotal calcium concentration determined by Inductively cou-
therefore be based on the loss of TC in the sample aliquopled plasma atomic emission spectroscopy, ICP-AES (as if
after fumigation. However, the CC concentration in the sam-all C&" were in the form of CaCg@). The results of C&,
ple prior to the fumigation (as determined by the integrationmaximum expected CC and measured CC concentrations are
of the OC2 peak in the untreated sample) corresponds to theresented in Table 4. Almost for all samples (except for the
TC loss after fumigation in one of the two ambient samplessamples on 27 August 2008 and 21 July 2008) the measured
only: in the second sample, the TC loss after the fumigationCC concentration was lower than the upper limit indicating
was twice as high as the CC concentration determined by théhat CC was not overestimated by integrating the OC2 peak
integration of the OC2 peak in the untreated sample. Thisofthe RT-QUARTZ-840 protocol. Generally, Ca and CC cor-
suggests that fumigation is able not only to eliminate CC,related well ®%=0.85), and measured CC concentration was
but also to cause losses of organic compounds like organi®5=+ 11 % (99 % confidence level) of the maximum CC cal-
acids. In conclusion, it was not possible to validate the deterculated from C&"™ measurements.
mination of CC in ambient samples by integration ofthe OC2  Furthermore, for a set of samples, i.e. 14, from
peak through a comparison with the fumigation method. ~ Barcelona urban site and EUSAAR regional background

site, Montseny, Spain (MSYhttp://www.eusaar.net/files/
3.3 Urban aerosol measurements overview/infrastructures-descript.cfmthe CC concentra-

tions measured by peak integration were compared to those
CC was determined by integrating the sharp peak at thealirectly measured by acidification and subsequent G&
maximum temperature step of the He mode of the RT-tection. CC determined by the two different methods corre-
QUARTZ-840 protocol (see Sect. 3.2) for two sets of am- lated well (R?=0.98) and the CC concentration determined
bient samples representative of Mediterranean urban/urbahy peak integration was 1.380.06) times plus 0.19%0.12)
background aerosols collected in Barcelona and Athens durmg mi—2 the concentration determined by acidification, Fig. 9.
ing different periods. At the urban monitoring site in For the studied sites the slope of the relationship indicates
Barcelona (IDAEA-CSIC), CC was determined off-line in systematic differences between the two methods. It seems
PMi0, PM25 and PM in 24 h — integrated samples collected that the peak integration method gives constantly higher CC
during February—August 2008 using a MCV high volume concentrations than the acidification method, probably due
sampler set at 30%h~1 (MCV S.A, www.mcvsa.com At to the contribution of some OC fraction. The presence of
the urban background site in Athens (GAW-DEM), CC was an intercept indicates that the peak integration can provide
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Fig. 7. RT-QUARTZ-840 thermogram for an ambient aerosol sam-
ple filter treated with HCl and untreated (He-mode: 1-230's, be/O

www.atmos-meas-tech.net/4/2409/2011/ Atmos. Meas. Tech., 4, 2409-2011


www.mcvsa.com
http://www.eusaar.net/files/overview/infrastructures-descript.cfm
http://www.eusaar.net/files/overview/infrastructures-descript.cfm

2416

Source % at 38.00N 23.82E

A. Karanasiou et al.: On the quantification of atmospheric carbonate carbon

NOAA HYSPLIT MODEL
Backward trajectories ending at 1000 UTC 20 Feb 10
CDC1 Meteorological Data

NOAA HYSPLIT MODEL
Backward trajectories ending at 1000 UTC 20 Feb 10
CDC1 Meteorological Data

Source * at 38.00 N 2382 E

Meters AGL
|
n
o
8
Meters AGL
|

06 00 18 12 06 00 18 12 06 00 18 12 06 00 18 12 06 00 18 12 06 00 18 12
02/20 02/19 02/18 02/20 02/19 02/18

Fig. 8. HYSPLIT back-trajectory analysis at different vertical levels (red: 500 m, blue: 1000 m, green: 1500 m) ending over Barcelona
(26 June 2008) and Athens (20 February 2010) showing dust episodes.

Table 3. OC, EC and CC mean daily concentrations [ugih
measured at Barcelona site during February—August 2008 and a g
Athens site during October 2009—February 2010 (semi-continuousE

y=133x+019
R*=098

5.00

measurements 3 h). < 400
=]
=
pg 3 PM; ¢ Barcelona, PM 5 Barcelona, PM 5 Athens, g 300
(6/2008-11/2008)  (6/2008-11/2008)  (11/2009-2/2010) §
N =10days N =8days N =72days S 200
Mean Min.—Max. Mean Min.-Max. Mean Min.—Max. . /
1.00
EC 1.74 1.01-3.10 1.08 0.27-2.64 0.61 0.22-1.61 /
ocC 4.01 3.00-4.92 3.12 1.42-4.88 2.10 0.86-6.40
cc* 059 0.04-127 022 0.04-0.51 0.07  0.00-0.40 0.00 T T T T T

0.00 1.00 200 3.00 4.00 5.00 6.00

*CC determined by integrating the OC2 peak of the RT-QUARTZ-840 protocol CCug/cme? acidification by phosphoric acid

) . Fig. 9. Regression between CC concentrations determined by the
a non-zero CC concentration also for samples not containrT.QUARTZ-840 thermal protocol using the manual integration

ing any CC. During the temperature step that carbonateind by direct determination by acidification with phosphoric acid.
decomposes other organic compounds (like organic acids)

might also decompose resulting in an artificial CC concen-
tration. CC concentrations determined by acidification re-exceedances of daily and annual RMmit values (Escudero
sulted 46+ 2 % (R2=0.98) of the maximum CC concentra- et al., 2007). In these cases, it is essential that CC is quan-
tions calculated from G4 concentrations. In the studied tified along with the other carbonaceous constituents since,
areas, roughly half of the calcium appears to be associated not considered, it would interfere with the OC (or even
to carbonate. The remaining calcium can be present in otheEC) signal, leading to artifacts in OC, EC determination. Es-
forms such as CaO, Cag@nd C&" from sea salt (i.e. the pecially under certain meteorological conditions, it can be
portion which is not balanced by GO75 % in mass) (Kan- demonstrated that high CC result from long range transport
dler et al., 2007; Hoornaert et al., 1996). of natural Saharan desert dust.

The analysis of aerosol samples from Barcelona urban site,
EUSAAR regional background site (MSY) and Athens urban
background site evidences that in Southern European coun-
tries CC may constitute a significant fraction of the atmo-
spheric carbonaceous matter, and therefore contribute to the
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Table 4. Comparison of the maximum CC concentrations (deter- term|nat.|on of ,CC with the RT'QUARTZ'BL}O protpcol may
mined as 0.3times the calcium concentration) with the measured?@ considered in cases where on line monitoring instruments

CC concentrations for P and PN 5 samples are used and for areas where CC concentrations are expected

to be significant e.g. Southern European countries. The re-

Date Ca measured by ICP-AES maximum CC measured cC ~ SUlts of this case study suggest that users of the semi con-

3 3 3 tinuous analyzers could manually integrate the sharp OC2

PMi1go Hg Hg pgm ; ;

1610612008 6.1 156 130 peak (if present) at the maximum temperature step of the He

19/06/2008 733 520 127 mode (between 128-130 and 160-165s when using the RT-

26/06/2008  7.42 2.23 1.09 QUARTZ-840 protocol) and thus calculate the CC concen-

%%gggg f-gg (1)-2929 (l)}lé tration though with a rather high error.

20/07/2008 1.37 041 0.40 _ The RT—QUART_Z-840 protocol was used to determine CC

26/08/2008 1.22 0.37 0.32 in real atmospheric samples. Over a set of samples, CC rep-

27/08/2008  1.25 0.37 0.41 resented 2.5% of TC in Pp% in Athens, and 5.0 and 9.3%

22/10/2008  0.13 0.04 0.04 : ;

23/10/2008  0.20 0.06 0.05 of PM, 5 and PMo., respeptlvely, in Barcglona. The amount
of CC measured in the filters collected in Barcelona corre-

PMg25 g3 g3 g3

lated quite well with the amounts of €aas determined by
18/06/2008  2.30 0.69 0.33 ICP-AES, and suggest that about half of the calcium atoms

26/06/2008  4.44 1.33 0.62 : h .
01/07/2008 3.27 0.98 0.05 were associated with carbonate at Barcelona urban site.
15/07/2008  0.38 0.12 0.10 : :
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