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Abstract. Biogenic VOCs are important in the growth and together with sulfate and other inorganic species in a sin-
possibly also in the early stages of formation of atmospheriagle aerosol particle (Murphy et al., 1998). However, the
aerosol particles. In this work, we present 10 min-time reso-chemical composition of particles at an early stage of their
lution measurements of organic trace gases at HigytFin-  formation (nano-particles) is still an open question, as the
land during March 2002. The measurements were part oherosol mass available for analysis is not sufficient. We know
the project QUEST (Quantification of Aerosol Nucleation in now that “atmospheric oxidation of biogenic hydrocarbons,
the European Boundary Layer) and took place during a two-such as monoterpenes, is estimated to be a significant source
week period when nucleation events occurred with variousof global aerosol” (Yu et al., 1999), as established by sev-
intensities nearly every day. Using a ground-based Chemeral laboratory studies (Hoffmann et al., 1997; Griffin et al.,
ical lonization Mass Spectrometer (CIMS) instrument, the 1999; Koch et al., 2000; Gao et al., 2001) and field studies
following trace gases were detected: acetone, TMA, DMA, (Leaitch et al., 1999; Kavouras et al., 1999). The important
mass 68 amu (candidate=isoprene), monoterpenes, methguestion related to the ability of organic gases to form sec-
vinyl ketone (MVK) and methacrolein (MaCR) and monoter- ondary aerosol particles, i.e. when and how they are incorpo-
pene oxidation products (MTOP). For all of them exceptrated into the particulate phase, can be alternatively studied
for the amines, we present daily variations during differentfrom the gaseous point of view.

classes of nucleation events, and non-event days. BVOC ox- Smog chamber experiments showed that very low organic-
idation products (MVK, MaCR and MTOP) show a higher ozone reactant levels as precursor for the formation of new
ratio to the CS on event days compared to non-event days, insubum aerosols were needed (Gao et al., 2001). In the bo-
dicating that their abundance relative to the surface of aerosaleal forest, frequent formation of new particles has been ob-
available is higher on nucleation days. Moreover, BVOC ox- served (Kulmala et al., 2001a), and VOCs (Volatile Organic
idation products are found to show significant correlationsCompounds) have been studied in relation to this new par-
with the condensational sink (CS) on nucleation event daysticle formation in different manners. Seasonal and diurnal
which indicates that they are representative of less volatileyariation of terpenes have been measured, using Tenax tubes
organic compounds that contribute to the growth of the nu-(Hakola et al., 2000), emission fluxes of monoterpenes have
cleated particles and generally secondary organic aerosol folseen studied using Tenax tubes as well with a two hours reso-
mation. Behaviors of BVOC on event and non event days ardution (Janson et al., 2001), and vertical profiles of monoter-
compared to the behavior of CO. penes have been measured using tethered balloons and ad-
sorbent cartridges (Spirig et al., 2004). However, high time
resolution measurements of terpenes and particularly of their
oxidation products, which are candidates for condensation,
are missing to address the possibility of organic-induced nu-

Organic molecules have been found to be important con-CIeat'on'

stituents of atmospheric aerosols in many air masses (No- YOCS are released from a wide variety of sources, and

vakov et al., 1997; Sellegri et al., 2003), and are often present€ir mixing ratios measured at one point can be either dom-
inated by a remote source or, in our case, by the local bio-

Correspondence tK. Sellegri genic source or even a local pollution source. Most VOCs
(K.Sellegri@opgc.univ-bpclemront.fr) react with hydroxyl radicals (OH); some can be photolyzed,

1 Introduction
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react with ozone, or at night with nitrate radicals (3§OIn actant ions HO*(H,0), (produced by an external high fre-
this work, we present measurements of organic gases with guency glow-discharge ion source) via:

high time resolution on the Hyyla SMEAR || station site,

using a ground-based CIMS instrument developed by MPI-H30" (H20), + X — HXT(H20), + H20 1)

K Heidelberg. Both the fast time response and the extended The residence time in the flow tube reactor is 3.2 s. allow-
periods of measurements allow the study of the variabilitying some fraction of X to react during traveling iﬁ thé flow
of mix_ing ratios, h.ence givipg indicati_ons on the proximity tube reactor. The X-concentration is determined. by mea-
of their s_ou.rces/smks.. This Paper aims tp prese”? the at'suring the abundance ratio of product and reactant ions. The
mospheric time evolution of volatile organic gases in rela- scanning time for the mass range 1 to 200 amu is 40 ms
tion_to nucleation events. Dimethyl_amine (DMA), trimethy- Because the detection of organic gases with the C.IMS
lamine (TMA)’ the sum of Methyl Vinyl Ket_one (MVK) ‘"%‘”d technique used here allows only to determine the mass
methacrolein (MaCR) and MTOP are studied as organic can- mber of X. the exact chemical identification of X re-
didates, or representative of organic candidates for nUCIanains some\;vhat ambiguous (i.e. several different com-
ation and/or growth of the newly formed particles. Mass ounds might have the same .m.ass) mixing ratios pre-
68 amu (candidate=isoprene) and the sum of monoterpen Santed in this work namely acetone, DMA. TMA. iso-
are also reported as precursors of condensing species, an<§ene MVK+MaCR' monoterpenes a’nd MTbP aré only
CO. and acetone are reported as indicators of organic degr he m’ost likely canéiidates. In fact, at mass 68 amu-+its
dation products as a whole. hydrates, isoprene is detected together with another com-
pound, which, from its daily variation, is probably from
biogenic origin. Holzinger et al. (2005) have recently ob-
served with the PTRMS technique some unidentified bio-
genic compound above a pine forest at masses 105amu,
which could contribute to our isoprene mixing ratios when
hydrated. Hence, Mass 68amu and hydrates will be re-
ferred to as isoprene+compound X. Detailed analytical pro-
The SMEAR Il experimental station (Station for Mea- cedures, assumptions, calibrations and measurement prob-
suring Forest Ecosystem-Atmosphere Relations) located ifems are discussed in Sellegri et al. (2005)

Hyytiala, southern Finland (651° N, 24°17E, 181 mabove  The routine measurements performed with commercial in-
sea level) is representative of the boreal coniferous forestsyruments at the SMEAR |l station such as the meteoro-
Meteorological parameters including wind speed and direcipgical data and CO concentrations are reported, as well
tion, temperature, pressure, relative humidity, and global razs the measurements relevant to aerosol nucleation events
diation are measured at different levels above the ground, USperformed as part of the QUEST campaign, such as total
ing a 72-m-high mast on a permanent basis (Kulmala et al. nymber concentrations, and Condensational Sink (CS, calcu-

2001a). Gas measurements using the CIMS instrument praated from the surface of particles available for condensation)
sented in this work have been performed from a container loykuimala et al., 2001b).

cated in the vicinity of the SMEAR Il station, i.e. 50 m south-

west, at 2.5m above the ground. The comparison of wa-

ter vapor measurements obtained with the CIMS set up witi3 Results

the water vapor measured at the station (4.2 m) show excel-

lent agreement (less than 5% disagreement). Thus our trackl Detected species relevant to particle nucleation in the
gas measurements can be considered to have taken place in boreal forest atmosphere

the same air masses as the SMEAR Il station measurements.
Meteorological conditions together with aerosol size distri- 'SOPrene and the sum of monoterpenes could be detected by

butions over the measurement period are summarized Fig. £IMS, as well as, for the first time with this technique, some
of their oxidation products with a 10 min resolution. We have

B be cautious with isoprene+compound X concentrations, as
the level of the mixing ratios and diurnal variations are not
similar to what is usually found at the SMEAR || station for
2.2 Instrumental isoprene. MVK and MaCR, both oxidation products from
isoprene, and pinonaldehyde (major oxidation produet-of

The Chemical lonization Mass Spectrometer (CIMS) methodpinene), and other monoterpene oxidation products (here-
is based on ion-molecule reactions involving gaseous ionsfter referred as MTOP), were identified and measured with
and atmospheric trace gas molecules. An atmospheric gas 10 min resolution as well. Although monoteprenes, MTOP
X which has a proton affinity larger than that of,@ and MVK+MaCR calibrations could not be performed dur-
(166.5 kcal mot1) reacts in the flow tube reactor with the re- ing the QUEST campaign, the CIMS instrument provides

2 Site and sampling characteristics

2.1 Site characteristics

Data presented in this paper are based on sampling
achieved during 12 days: from 17 to 29 March 2001.
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Fig. 1. Meteorological conditions (temperaturep®, wind speed and direction, radiation) during the two weeks measurement period.
During this period, particle formation event occurred every day but on the 22 and 27 March. Particle formation events are classified into
three classes according to their strength, with decreasing strength from 1 to 3.
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Fig. 2. Condensational sink (calculated from the surface of particles available for condensation), CO, acetone and MTOP versus local time.
A co-variation is observed between most organic species (not all shown) and the condensational sink, in more or less agreement dependin
on the air mass type.

lower limits of mixing ratios (because all artifacts are lead- and 1991). According to the work of Yu et al. (1999), the ma-
ing to an underestimation of the concentrations: wall lossesjor oxidation products of the reaction betweeg@hd pinene
water content dependant back reactions, use of the collisior carene are usually aldehydes (pinonaldehyde{pinene
rate reaction constant) (Sellegri et al., 2005). and caronaldehyde for carene), showing that they are good
. tra'lcers for the oxidation product of terpenes. It is those alde-
Pinenes are among the most abundant monoterpenes, an . i
isoprenea-pinene anch 3-carene were found to be the most hydes which are detected by QIMS on mass 168 amu. Pinon-
aldehyde has been detected in the gas and aerosol phase after

abundant compounds among light hydrocarbon and monmer’htroduction of pinene and £in a smog chamber, showing

pene in the boreal forest (Hakola et al., 2000; Spanke e o
al., 2001). Our concentrations during the QUEST campaignthat it is a condensable gas (Yu et al. 1999, Kavouras et al.,

ranged between 90 and 185 pptv (25 and 75iles) for isc)_1999). Although the partionning of pinonaldehyde is only

o . X .
prene+compound X, and 190 and 400 pptv for the sum Ofl/o in the aerosol phase, this compound is also representative

. . for the other terpene oxidation products which have lower va-
monoterpenes. Those concentrations are higher than pre-

vious measurements on the same site for isoprene alon O Pressures and.can pot be detected by the CIMS method
(Hakola et al., 2000; Spirig et al., 2004). The sum of mostly dicarboxylic acids, Gao et al., 2001). Moreover,

monoterpenes has been detected above the boreal fore'\s/{rOP mixing ratios measured by CIMS in Hygia were

; . in the range 320-840 pptv, hence it is the second most abun-
canopy with concentrations of 360 ppt (Spanke etal., 2001)dant com?.)ound familgpmeasured with CIMS after acetone
which lies within the range of our measurements.

(Sellegri et al., 2005). Pinonaldehyde has been measured on
Ozonolysis ofe- and g-pinene can give aerosol carbon the Hyytiala site with maximum concentrations of 140 ppt.
yields of 14-18% and oxidation of- and 8-pinene by OH  Other monoterpene oxidation products may comprise a large

can give carbon yields of 40-60% (Hatakeyama et al., 1989

Atmos. Chem. Phys., 5, 37384, 2005 www.atmos-chem-phys.org/acp/5/373/
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Fig. 3. Daily median concentrations of organic gases, ozon€,hparticle number, and CS class1 event days (brown), class 2 (orange), class

3 (yellow) and non-event days (green). The On non-event days, the condensational sink and most organic gases concentrations are highe
than on event days.

part of the MTOP that we measured with our technique but Dimethyl amine (DMA) and trimethyl amine (TMA) have
also, it is a considerable advantage to measure them oralso been found in atmospheric aerosols, and especially in
line, compared to the classic cartridge measurement typaerosols with small sizes (Kulmala et al., 2001a; Sellegri,
which might imply several pre-analysis artifacts. The sumunpublished results). Thus they are integrated in the con-
of MVK+MaCR was measured with ratios varying between densed phase either by dry condensation, either by dissolu-
100 and 240 pptv (25 and 75iles), in agreement with previougion in partially liquefied aerosols at higher relative humidity.
measurement performed on the Hgi site (Hakola et al., DMA and TMA could be measured with CIMS for the first
2003). time. Vapor pressures for these two species are relatively

www.atmos-chem-phys.org/acp/5/373/ Atmos. Chem. Phys., 538432005
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Fig. 3. Continued.
MTOP/Monoterpenes and TMA can not be excluded from condensing on newly

formed particles during nucleation events, the low mixing
ratios they showed during the campaign do not allow us to
study further their times series.

4 Time series and median daily variations for event and
non-event days

localtime For a large time scale overview of the evolution of mixing ra-
tios during the measurement campaign, we applied a 9 data
Fig. 4. Daily median ratios and MTOP/monoterpenes during classpoint box smoothing procedure to the 10 min resolution mix-
1 event days (black) and during all other cases (grey). Error bars aréng ratios, and plotted one representative of the biogenic ox-
calculated from percentiles 25% and 75%. The ratios are in favoligation products (MTOP), together with acetone as a refer-
of the Monoterpenes Oxidation Products during classl nucleationapce of the CIMS technique, CO as an reference of an inde-
days compared to other cases. pendent gas measurement and the condensation sink (Fig. 2).
The beginning of the measurement period is characterized
by northern clean air masses, until 21 March (Fig. 1, and
high (respectively 203 and 215 kPamb), hence their con-  also air mass back trajectories, low CO, NO andyNé&y-
tribution to nucleation is unlikely. However, DMA and TMA els, Keronen, P., personal communication). Particle forma-
are highly soluble; a wet deposition on aerosol surfaces igion occurred every day under these clean-northern condi-
expected. DMA mixing ratios are below the detection limit tions (Period 1). West-Southern winds follow this period,
of 32pptv, and TMA mixing ratios vary between 34 and with higher levels of pollution until the 23. Nucleation is
80 pptv. Both compounds are either poorly produced or ef-not observed on the 22 and very weak on the 23 (Period 2).
ficiently removed from the boreal forest atmosphere. DMA From the 23 to the 26, Northern winds favoring nucleation
and TMA are derivative of ammonia in which two or three are observed again, similar to the Period 1, even though the
of the hydrogen have been replaced by methyl groups. Irir mass origin is West. On the 27, air masses are similar to
the presence of TMA, measuring DMA mixing ratio lower the Period 2.
than the detection limit would indicate that it has been pro- From 17 to 29 March, 10 nucleation events occurred (ev-
duced and destructed by an efficient sink. Although DMA ery day but for the 22 and 27 March). Nucleation events

Atmos. Chem. Phys., 5, 37384, 2005 www.atmos-chem-phys.org/acp/5/373/



K. Sellegri et al.: Measurements of organic gases during aerosol formation events 379

800
All data points e 20/03/2003
o 21/03/2003
22/03/2003
< 600 23/03/2003
= ° o 24/03/2003
= R e 25/03/2003
g e 26/03/2003
Q 400 3 27/03/2003
g ° ° o X o e 28/03/2003
: ¥ e
> (4 Qe
S 200 v o oo
L]
0
0,000 0,002 0,004 0,006 0,008 0,010
Condensational sink (5'1)
800
yo =12 Class 1 and 2 Event days
slope = 88 000
r2=041
s 600
2 .
4 ° S
® 400 2
= ° ° ° B 08
n
< 7
S ./;_ s
= 200 S e ® °
0
L ]
0 . . .
0,000 0,004 0,006 0,008 0,010
Condensational sink (s™)
800
Non-event days and class 3 event days
yo =134
slope = 24 000
—~ 600 rz=043
B
Q.
e
5
T 400
g I
B oo
X S . LY
= 200 B L
[—
0
0,000 0,002 0,004 0,006 0,008 0,010

Condensational sink (5'1)

Fig. 5. (a)Correlations between MVK+MaCR and the condensational sink for all data points (upper panel), for class 1 and class2 event days
(middle panel), and for class 3 and non event days (lower pal)Correlations between monoterpenes oxidation products (MTOP) and

the condensational sink. For both oxidized organic compounds, correlations are significant on Class1+2 event days but not on class3 anc
non-event daygc) Correlations between CO and the condensational sink. Significant correlations are observed during non-event days.

were of various intensities and have been classified into threéays and class 3 event days, the total particle number stays
classes, from class 1 events (high intensity) to class 3 eventsather stable (between 1000 and 4500 #&m Going from

(poor intensity) (Fig. 1, M. Dal Maso, personal communica- class 1 to class 3, the mid-day peak of particle number is de-
tion). A median daily variation is calculated for each of the creasing, while for all cases (all class event and non-event), a
event class and for non-event class (Fig. 3). 28 March wasecondary late evening-early night peak is observed with the
excluded, as part of the day was still non-event. On class kimilar intensities. On both event and non-event days, ozone
and class2 event days, we observe a steep increase of partidias a very similar daily pattern. Class 1 event days are char-
number (from 2000 to 10 000 # crd) due to nucleation from  acterized by a lower amount of water vapor and a lower tem-
10:00 to 14:00 (LT), followed by an increase of the CS gen- perature than other classes of event days and than non-event
erally showing a maximum during the night. On non-eventdays. Concentrations of all organic gases, as well as the CS,

www.atmos-chem-phys.org/acp/5/373/ Atmos. Chem. Phys., 538432005
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Fig. 5b. Continued.

are higher on non-event days. In all cases (event and norare in favor of the oxidation product on non-event days com-

event days), acetone, isoprene, monoterpenes, MTOP arghred to the event days. This “depletion” of MTOP during

MVK+MaCR show the same pattern as the CS: a main nightclass 1 nucleation days can be related to a higher light re-

peak showing a maximum between 21:00 and midnight, andated reactivity (class 1 event days are overall sunny, class 2,

a mid-day peak, more or less pronounced and more or les8 and non event days are overall more cloudy, and for exam-

early, depending on the species. For class 1, class 2 and clapte pinonaldehyde has a higher OH reactivity compared to

3 event days, the dawn peak is emphasized for the terpenmonoterpenes such as pinene, Glasius et al., 1997). But also,

oxidation products (MVK+MaCR and MTOP). the “depletion” of MTOP could indicate that, in comparison
to the non-condensing terpenes, their sink by condensation is

Variations of MTOPs relative to their precursors can be higher on class 1 nucleation days.

studied (Fig. 4). On class 1 nucleation days, MTOPs are

either less produced, or more condensing/destroyed on nu-

cleation days as shown by the MTOP/Monoterpene ratios.

Ratios between monoterpenes and their oxidation products

Atmos. Chem. Phys., 5, 37384, 2005 www.atmos-chem-phys.org/acp/5/373/
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Fig. 5¢. Continued.
4.1 Correlations during event and non-event days Day by day correlation plots (Figs. 5a to ¢) show that the

organic-to-CS ratio for class 1 and 2 event days is very dif-
We mentioned in the previous section that both VOCs and theerent from the non-event and poor event days (class 3) ratio.
CS had a similar daily pattern. Covariance of VOC mixing While the MTOP mixing ratios show little variations with CS
ratios and CS could indicate a possible cause-to-consequeneganges during non-event days, the increase MTOP/CS is 3
link between VOCs and CS variations, i.e. VOCs are likely to to 4 times higher for the event days. During clean event days,
condense on nucleated particle and participate to their growtlzoncentrations of oxidized organics significantly increase in
to sizes relevant for CCN and radiative properties. If this isparallel to the growth of particles freshly nucleated. Marti
the case, obviously, the organics measured by CIMS are naét al. (1997) have previously found that calculated oxidized
consumed efficiently by the condensation process, althouglarganics were correlated to the CS in a remote continental
it is difficult to conclude on the sink without estimating what site. MVK+MaCR, is also increasing with the condensa-
the source term of these compounds are. In order to overtional sink. It is interesting to note that for the 28 March,
come this problem, we will hereafter study the event to non-for which part of the day has the same characteristics as the
event correlations between VOC and the condensational sink.

www.atmos-chem-phys.org/acp/5/373/ Atmos. Chem. Phys., 538432005
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CO (ppb) according to wind direction and non-event days on another hand. The MTOP/CS ra-
tio is rather stable through the diurnal variation and night-
time maxima are not observed; there is a tendency of an
early morning to mid-day increase of MVK+MaCR/CS dur-
ing event days.

@ 17/03
® 18/03
O 19/03
. 2 5 Discussion
@ 22/03
O 23/03
% o 2uos Results from the BIOFOR campaign (BlOgeic aerosol FOR-
o 2013 mation in the boreal forest), which took place on the Hgfi
o 2803 sampling site during spring in the years 1998 and 1999 gave

little support for the hypothesis that terpene oxidation prod-
ucts were the precursors to the observed new particle for-
mation. They were however not excluded from taking an
active part in the growth of the new particles (Janson et al.
2001). The reasons for these conclusions were that (1) SOC
(Secondary Organic compounds) were higher at night when
no nucleation occurred, and (2) SOC were not significantly
Fig. 6. CO mixing ratios as a function of wind direction. higher during event days compared to non-event days.

There are similarities and discrepancies between our data

set and the data set from the BIOFOR campaign:

non-event 27 March and the other part of the day has the
same characteristics as the 29 (event), MTOP/CS shows a —
mixture of event and non-event behavior (Fig. 5b). Although
the representatives of oxidized organics are measured with
atmospheric mixing ratios lower during event days than non-
event days, their ratio to the condensational sink are higher
on event days. Hence oxidized organics are, relatively to
the condensing surface available, 1) more abundant on nu- _ while a poorly significant enhancement of monoter-
cleation days and 2) increasing as the condensational sink is penes and of the calculated source terms for secondary

Mixing ratios were of similar order of magnitude during
both field measurement campaigns

— In both field measurement campaigns terpenes and their
oxidation products have been found to be higher at night
with a maximum between 21:00 and midnight.

increasing (i.e. as the particles grow). . organic compounds were found during event days com-

CO mixing ratios are also correlated to the condensational pared to non-event days during BIOFOR, our QUEST
sink (Fig. 50). However, we observe.that COis poorly linked data revealed an enhancement of organic compounds
to the CS increase on clean nucleation day (except on the the including terpenes during non-event days compared to
21 March, which was more polluted), while it is significantly event days.

correlated to the CS noevent days. Higher mixing ratios of
CO are advected at the same time than the large accumulation Together with the fact that a strong correlation is found be-
mode representative of more polluted air masses. tween the CS and biogenic organic compounds, our observa-

On polluted nucleation events, both CO and oxidized bio-tions would lead to the same conclusion as during BIOFOR:
genic organics seemed to be responsible for the increase @ condensing rather than nucleating role of organics.
the condensational sink (on the 21, 26). Oxidation products However, the parameter SOC/CS might be of higher sig-
of terpenes have been previously found to be correlated tmificance to the nucleation processes than the SOC mixing
CO above a pine plantation (Spaulding et al., 2003) and 40%atio alone. Then, based on the fact that the SOC/CS ra-
of the estimated total emission of CO from the oxidation of tios are higher on event days than on non-event days, and
natural hydrocarbons is accounted by oxidation of terpeneshat monoterpene oxidation products measured by CIMS are
(Hatakeyama et al., 1991). However, the oxidation of bio- representative of SOC of lower vapor pressure (hence not
genic organics would be very large in order to explain sev-detected by CIMS, i.e. diacids), we can not exclude organ-
eral tens of ppb of CO. Hence the influence of the dynamicscs from being candidates for the new particle formation.
of the atmosphere is more likely. This is confirmed by the Actually, among the MTOPs measured with CIMS, some
fact that high CO levels observed on the 21 and 26 are foundhave a relatively low vapor pressure. For example, pinon-
for south-eastern wind, probably representative of local pol-aldehyde has a vapor pressure of 3414-2kPa at 25C,
lution (Fig. 6). to be compared with the 271076 at 25C of sulfuric

On Fig. 7, oxidized oragnics/CS ratio daily variation are acid. Since MTOP were found with mixing ratios up to
shown for class 1 and 2 events on one hand, and class B0* higher than sulfuric acid mixing ratios (between 40 and
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(MVK+MaCR)/CS icant correlation with the condensational sink (CS) depend-
Class 1 and 2 event ing on the type of nucleation event, indicating that particle
growth is probably not always due to the same species de-
pending on the air mass type.
Best correlations are observed for the oxidized bio-
Bl genic compounds (MTOP and MVK+MaCR). MTOP and
40014 1 MVK+MaCR are significantly correlated to the CS on event

ratios
N
o
e
&

z'oe;if‘ S & & & s S days while not during non event days. Mixing ratios of
local time MTOP increase with CS by a factor 3 to 4 compared to non-
event days. Moreover, the ratio of oxidized biogenic organics
MTOPICS to the CS is higher on event days than on non-event days. If

7e+5 {Class 1and 2 event

the amount of condensing gas, corrected from the condens-
ing surface available is indicative of the probability of nucle-
ation, then this probability is higher on nucleation days.
Correlations are also observed between CO and the CS,
S but on non-event days, indicating an advection of both high

0 CO mixing ratios and a large accumulation mode (with high
s & & & & & & & 0§ CS) representative of polluted air masses.
focal time As awhole, the sum of the MTOP analyzed with the CIMS

method is not consumed efficiently by the condensation pro-

MTOP/CS (lower panel) during class 1 and 2 event days (black)cess, i.e. their source is higher than their sink. However, the

and class 3 and non-event days (grey). Error bars are calculate_lyrrOP mixing ratios measured_ by CIMS in Hygia were
from percentiles 25% and 75%. The ratio of MVK+MaCR to the in the range 320-840 pptv, which makes MTOP the second

condensational sink is higher on class 1 and 2 event days, and mafD0St abundant compounds measured with CIMS after ace-
imum during the day. tone, and, considering the low vapor pressure of some of
them (such as pinonaldehyde), possible candidates for con-
densation at an early stage of the new particles formation.
600 ppq (101> mol mol~1), F. Arnold, personal communica-  Amines were measured with the lowest mixing ratios, pre-
tion), and pinonaldehyde is the most abundant representativeumably because of their high solubility and high reactivity.
of MTORP, it is probable that it condenses at a some stage ofhe low concentrations of DMA and TMA prevented us from
particle formation. In fact, the comparison of TOP/CS be- a reliable daily variability study and work must be continued
havior between MVK+MaCR and MTOP shows a difference to lower the detection limit of such species with the CIMS
that could be due to an additional sink by condensation formethod.
the MTOP, compared to MVK+MaCR. Indeed, correlation
plot for event days of MTOP vs. CS show negative MTOP AcknowledgementsThis work was financed by the QUEST
mixing ratios when extrapoling to low CS, which could be an project, funded by the European Community. The authors wish to
indication of the condensing process at the very early stagéhank R. Janson for fruitful discussions.
of particle formation.

Fig. 7. Daily median ratios (MVK+MaCR)/CS (upper panel) and
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6 Summary and conclusions
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