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Abstract. During the calendar years 1998-2002, 147 clear2003), or by electrostatically enhanced condensation onto at-
8 nm diameter particle formation events have been identifiednospheric ions (Yu and Turco, 2000).
at the SMEAR | station in ¥rrio, northern Finland. The Atmospheric fine particle formation events have been ob-
events have been classified in detail according to the partiserved around the world in various environments from pol-
cle formation rate, growth rate, event starting time, differentluted cities to remote polar background areas (Kulmala et al.,
trace gas concentrations and pre-existing particle concentr&2004). The vapours which nucleate to form particles have not
tions as well as various meteorological conditions. The fre-yet been identified, but sulphuric acid together with ammo-
guency of particle formation and growth events was highesmhia are considered to be the prime candidates (Napari et al.,
during the spring months between March and May, suggest2002). It is quite likely that different mechanisms dominate
ing that increasing biological activity might produce the pre- particle formation in different atmospheric conditions. Us-
cursor gases for particle formation. The apparent 8 nm paring current aerosol instrumentation we can detect the newly
ticle formation rates were around 0.1 &spand they were  formed particles only when they have grown to diameters
uncorrelated with growth rates that varied between 0.5 andabove the experimental cut-off of 3-10nm. Therefore, it
10nm/h. The air masses with clearly elevated sulphur diox-has been suggested that particle nucleation occurs continu-
ide concentrations (above 1.6 ppb) came, as expected, frorausly, but the formation events are only observed when initial
the direction of the Nikel and Monschegorsk smelters. Onlygrowth is enabled (Kulmala et al., 2000).
15 formation events can be explained by the pollution plume This work presents the analysis of continuous aerosol par-
from these sources. ticle size distribution data collected during the five year pe-
riod 1998—-2002 at the SMEAR | station ina%#id 250 km
north of the Arctic Circle in Finnish Lapland. Most of the
1 Introduction time the air at the .station is pollution fre_e with no local
sources, but occasionally very polluted air reach@srité
Atmospheric particles affect the earth’s climate both directly from the Nikel and Montschegorsk smelters less than 200 km
by scattering incoming solar radiation and also the long wavenorth and east of the station, respectively. The focus of the
radiation escaping from our planet, and indirectly by influ- analysis was to identify the particle formation events, com-
encing the properties and occurrence of clouds (MenonePare the event and non-event days and study the influence of
al., 2002; Stott et al., 2000). Particles can also have undeteteorological variables, air mass origin and measured trace
sirable effects on human health (Dockery and Pope, 1994gas concentrations on the particle formation.
Stieb et al., 2002). Most of the atmospheric particulate mat-
ter is formed by condensation of vapours onto pre-existing i
particles. The smallest particles are either formed entirely? Measurement station
from vapour without any condensation seed nuclei (Kulmala

"The Varrio measurement station SMEAR | (Hari et al., 1994)
Correspondence tdd. Vehkanéki is located at 6746 N latitude and 2935  E longitude 250 km
(hanna.vehkamaki@helsinki.fi) north of the Arctic circle in Eastern Lapland, less than ten
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Table 1. The criteria for formation and growth event classification. Table 2. Number of formation events during calendar years 1998—

2002.

Class Criteria Year Number of events classes 1 and 2
1 Clear formation, smooth growth 1998 32
2 Clear formation but fluctuating or distorted growth 1999 30
3 Unclear formation (Number of particles with diameter 2000 26

less than 15 nm increases) 2001 27
0 Possible formation 2002 32
X Clear growth starting above the smallest size classes 1998-2002 147
P Pollution during formation (S&concentration

above 0.35 ppb)

kilometres from the Finnish-Russian border. The measuresure at 2m height. Rainfall was also measured and we had
ments were performed on the top of a hill 390 m above sea&CCeSS to the snow depth data of the Finnish Environment
|eve| (as')_ The main tree species was about 50 year-o'd Scowstitute. To determine the Origin Of the air masses we CalCU'
pine (Pinus Sy'vestris L) W|th a mean he|ght Of approxi_ Iated baCk trajeCtOI‘ieS Using the NOAA A|r Resources Lab‘
mately eight meters and a mean diameter of approximatehpratory HYSPLIT model.
eight centimetres. The station is located below the alpine
timberline (400 asl), and some of the fjell tops are above it. . o

. . 3 Formation event characterization
The nearest small road is 8 km from the station, and the near-

est major road 100 km. There are no towns or industry closerpg particle size distribution evolution was analysed on each
by an_d thus practically no local pollution. The nearest MAJOr jay during 1998-2002, and the particle formation events
pollution sources were Montschegorsk located 150km easfyere jgentified and characterized. Table 1 shows the crite-
and Nikel located 190 km north of the station. Tharkd 5 ysed when classifying the formation events. Non-event
station and Monschegorsk are separated by a line of moungays are the days that do not fall into any of the categories in
tains ranging from north to south on the Russian side of thergpie 1. The analysis focuses on class one and two events,

border. the number of which during each calendar year is given in
The aerosol particle size distributions were measured withtgple 2.
a DMPS system (Aalto et al., 2001; Jokinen andKeg, The frequency of the formation events exhibits a clear
1997) consisting of a Hauke-type DMA (length 28 cm) and a spring maximum with just over 0.2 events per day in May,
TSI 3010 condensation nucleus counter. The lower and Upas can been seen in Fig. 1. The spring maximum is also
per cut-off diameters of the system are 8 nm and 500 nm, retypical for other Boreal sites like the SMEAR Il station in
spectively, and the set up measured one full size distributiorHyytiala, southern Finland (kkek et al., 1997). However,
every 10 min, giving 144 distributions a day. The inlet for the there it occurs in April with around 0.4 events per day, which
DMPS system was at a height of 2m on the wall of the mea-is consistent with the fact that spring starts earlier in a more
surement cabin, and the DMPS itself was inside the cabinsouthern location. The weaker autumn maximum in the par-
at room temperature, which at low atmospheric temperaturegicle formation event frequency that is observed in Hgfi
led to evaporation of water and possibly some other volatile(0.15 events per day in September) can be seeramid/in
compounds from the particles before they entered the instruaugust (above 0.1 events per day), but it is not as clearly dis-
ment. tinguishable. Throughout summer and autumn the number
The measurements for trace gases (sulphur dioxidg SO of events per day in &rrio is below 0.1, decreasing to only
ozone @, nitrogen oxides N¢) temperature, absolute hu- less than 0.03 events per day during the winter months. In
midity and wind speed were also performed continuously atHyytiala the event frequencies are somewhat higher, close to
2.2m, 4.4 m (no trace gases), 6.6m, 9m and 15m levels 00.1 in the summer and around 0.05 events per day during the
the measurement tower adjacent to the cabirp 885 mea-  winter. Urban St. Louis (Shi, 2003) exhibits a more scattered
sured with a fluorescence analyser (Model 43S, Thermo Enpicture with a minimum of around 0.05 events per day during
vironmental Instruments, Inc., detection limit 0.1 ppb, max- midwinter, and the highest values above 0.3 events per day
imum error +~0.05ppb). A detailed description of the during April, July and September. In contrast to the other
other trace gas measurements can be found in Ruuskanen gites, Hohenpeissenberg (Birmili et al., 2003) in rural central
al. (2003). UVA, UVB, photosynthetically active, reflected Europe exhibits the maximum with over 0.25 events occur-
and global radiation and wind direction were measured ating during midwinter, and minimum (around 0.075 events
the top of the tower (15 m), and relative humidity and pres- per day), during late summer and early autumn. It seems that

Atmos. Chem. Phys., 4, 2018623 2004 www.atmos-chem-phys.org/acp/4/2015/
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Fig. 1. The monthly distribution of particle formation events 1998-2002. The left hand vertical axis shows the frequency of events per day.

very different processes are controlling the particle formationSome of the dark time events occurred after a clear event on
events at these different locations, but there are clear similarthe previous day was interrupted by rain and the particle pro-
ities between the two boreal sites of Hylé and \arrio. duction and growth resumed when the rain stopped. Some-
The majority of particle formation events observed all yvhat surprisi.ngly there were someformation.events also QUr-
around the world (Kulmala et al., 2004) start between sunrisdd the midwinter polar night. The other possible explanation
and noon. However, there is one exception: Wiedensohlefor dark time events is that the formation and growth had oc-
et al. (1997) observed particle formation events during nightcUrred even days previous at lower latitudes (where there was
time. Figure 2 shows the yearly cycle of event starting timesStill Some sunlight), since the growth rate in the Arctic and
in Varrio together with sunrise and sunset times. The starting"&/ine atmosphere can sometimes be very small, even as low
time is the time when elevated concentrations of 8 nm parti-2S 0-1-0.5nm/h (see Kulmala et al., 2004). _
cles were first observed. Inavri® most of the events also Formation events were observed to cluster together, which
occurred during the daytime, suggesting that photochemistry¥as most likely due to periods of weather conditions that
is involved. Sunlight is most likely needed to produce the favour particle formation. However, two class 1 events very
nucleating and condensing vapours from their precursors byarély occur on two consecutive days, which can be explained

photochemical reactions, but boundary layer mixing follow- y the fact that a strong particle formation event will increase
ing solar heating can be another factor connecting solar rathe condensation sink and thus decrease the concentration of

diation with formation bursts. In &trio the formation event condensable vapours. There were 10 cases where two events

starting times were rather constant throughout the year, unoccurred during the same calendar day, the minimum differ-

like in Hyytiala where they clearly follow the sunrise curve. ©Nce in starting times was 6 hours, and the events were typ-
It must be kept in mind that in Hyyafa, instrumentation is ically of class 2 or 3. The frequency of such days exhibited

available with a 3 nm diameter cut-off. The cut-off ialio N Seasonal variation. _

was 8nm and thus the time difference between nucleation Ve also studied the effect of snow fall and melting on the

and observation could be much larger ianid, depending ~ ©occurrence of formation events, but did not find any corre-

on growth rate. This difference in instrumentation might be lation beyond the fact that sunny days in the spring time

the reason we a see a difference in the behaviour of everf€sulted both in snow melting and particle formation, and
starting times at the two stations. events extremely rarely occurred on days with snowfall.

Due to their rarity, dark time formation events deserve
some special attention. Most of the formation events, WhiCh4 Relation to air mass origin and wind conditions
occurred when the sun was below the horizon started within
a few hours after sunset, which could be explained by actuaFigure 3 shows a characterization of the formation events ac-
formation during daylight and slow growth to 8 nm diameter. cording to starting time and air mass origin. Morning events

www.atmos-chem-phys.org/acp/4/2015/ Atmos. Chem. Phys., 4, 20232004
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Fig. 2. Daily variation of starting times of formation events iralvio 1998-2002. The sunrise and sunset times are marked with red and
black solid lines, respectively.

Number of events Montchegorsk and Nikel (Ruuskanen et al., 2003). In two
classes 1+2 cases (dates 20. and 21.5.1999) the 8@ncentrations were
rather high (2.6—4.2 ppb) and the trajectories came from sec-
@ tor 240-360, but the local wind was clearly easterly. These
cases were placed in the sect6~020. In the remaining
merning day night polluted cases with trajectories from sectors 2310 and
6 (N 117 (124) 12 16) 240>-360 the SQ concentrations were around 0.5 ppb, and,

in only a couple of cases above 1 ppb, with a maximum of
clean air polluted air clean air polluted air clean air polluted air 1.6 ppb Figure 4 shows the distribution of formation events
T % according to the S@concentration. The highest 10 h average

1
Trajectory direction l concentration on an event day was 65 ppb.

360 360 360 360 360 3e0
@ @ @ Pirjola et al. (1998) showed that the measured $an-
20 20 200 20 20 20 S centrations can only explain part of the formation events
occurring in \arrio, typically the ones where the air mass
Fig. 3. Characterization of formation events by starting time and air comes from the Kola peninsula. Most of the morning and
mass. Morning stands for the time between midnight and Sunriseevening time events occurred in S@ean conditions with
evening the time after sunset but before midnight. The air mass Wa?rajectories from west or north-west, therefore the Kola pol-
considered polluted if the average concentration o S@s over lution sources do not explain the darI,<time events. One possi-
0.35 ppb during the ten hour period surrounding the event starting?.l. is that th . ies b h d ool ’ d air f
time. The numbers shown in parentheses are the total number llity is t att_ ese traj_ect_orles roug tage pollute . airirom
events including those with no sulphur dioxide data. North America or Britain, and the particle formation was
caused by an unknown vapour which could not be detected
with the current instruments inarrio.

start between midnight and sunrise, and evening events be- Table 3 shows the local wind direction distribution on for-
tween sunset and midnight. The air mass was considerethation event and non-event days. The west-south-westerly
polluted if the average concentration of 5@t 2.2m level)  winds were connected with events and the south-west-
was over 0.35 ppb (g/m®) during the ten hour period sur- southerly winds with non-events. Westerly winds and trajec-
rounding the event starting time. The diagram in Fig. 3 in- tories from the Atlantic ocean support the suggestion that air
dicates that most of the polluted air came from the direc-masses and synoptic weather conditions affect particle for-
tion of the Kola Peninsula’s copper and nickel smelteries atmation (Nilsson et al., 2001).

Atmos. Chem. Phys., 4, 2018623 2004 www.atmos-chem-phys.org/acp/4/2015/
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The concentration is divided into bins 0-0.1ppb, 0.1-0.35ppb,. .
0.35-1 opb. 1-3 pob. 3-10 Dbb and 10-70 bob ing 30 day average) temperature on event and non-event days with

' PPo, Ppo, PP PPo- standard deviations. The legend also shows the number of event and

non-event days with reliable data for temperature.

Table 3. Comparison of local wind direction distribution over
1998-2002 non-event and event days. o5 mean 1998-2002

ITTt TTTTT = NON-EVENTS N=970
9o} T+ -6~ EVENTS N=135

event non-event ]
degrees % % | k’\;\ ryrn" ]
0-45 12 10 8o - T 1 [ 1
4590 19 19 sl \ T4t1t: T ]
90-135 7 10 - i1
135-180 3 9 < 7ot - 111 1
180-225 12 23 | ]
225-270 32 22 ]
270-315 8 4 60l 1 .
315-360 8 4

. 45 (I) ‘; é :.’, all &:: é % é S.)1011121314151617181920212223
5 Effect of temperature, trace gas concentrations and Hours

solar radiation on particle formation

Fig. 6. Mean diurnal behaviour of relative humidity on event and

The yearly averages of the diurnal behaviour of meteorologi-non-event days over the whole period 1998-2002. The legend
cal quantities and trace gas concentrations were compared dghows the number of days yvith reliable relative humidity measure-
event days and non-event days. We also made the compari?ent data. Standard deviations are also shown.
son separately for different seasons to check if the differences
between event and non-event conditions are dependent on thghd during the rest of the year the event days are on aver-
time of year. For trace gases and temperature we used thgge colder than the non-event days. To eliminate the effect
value measured at 2.2m and for relative humidity the valueof seasonal variations, we show in Fig. 5 the temperature dif-
measured at 2m height, which was close to the particle meaference compared to 30 day sliding mean temperatures. This
surement level. figure illustrates that event days have lower morning temper-

The temperature, on average, was higher on event dayatures but higher noon temperatures which is typical for clear
than non-event days. This naturally reflects the fact thatsky conditions. Low temperatures can strongly enhance par-
most of the events occurred during the relatively warm seadicle formation since the saturation vapour pressures of atmo-
son. The seasonal comparisons show that during winter thepheric substances decrease exponentially with decreasing
event days have higher temperatures than non-event daysemperature.

www.atmos-chem-phys.org/acp/4/2015/ Atmos. Chem. Phys., 4, 20232004
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median 1998-2002 Fig. 8. Mean global radiation over all seasons for event and non-
M b') """"" _ [ == NON-EVENTS N=947 event days. The legend shows the number of days with reliable
42} =TT =©- EVENTS N=130 measurement data. Standard deviations are also shown.
40}
<15 A A A Y o o A O 0 A The concentration of NQwas clearly lower and the con-

centration of @ higher on event days for the whole year
as shown in Figs. 7a and b. Again, removing the seasonal
! | trend did not change these pictures significantly. The me-
1o} 4 | dian NO concentration did not differ on event and non-event
days. Due to the measurement set-up, the @ncentra-
tions used in this paper may from time to time include con-

36}

34t

O3lppb

30

28 T1T BEENE siderable amounts of other nitrogen containing species than
ot 111 [ - NO and NG.
il N Global radiation was higher on event days during all sea-
24012345676 91011121314151617161920212223 sons except winter, when there was very little difference be-
Hours tween event and non-event days. The mean diurnal behaviour

comparison is shown in Fig. 8.

Fig. 7. Median concentrations ¢&) NOx and(b) Og during event The higher ozone concentration during event days com-
and non-event days. The legend shows the number of days with re-

i . ared with non-event days can be explained by photochem-
0, 0,
liable measurement data. 25% and 75% percentiles are also showﬁl. | react ycles (Seinfeld Pandis, 1998). Tt

mechanism would explain the lower N@oncentrations on

The relative humidity was lower during event days, ex- €ventdays.

cept for the winter months, when no clear difference was
observed. Figure 6 shows the mean diurnal behaviour of )
relative humidity on event and non-event days. Eliminating® Formation and growth rates

the seasonal variations in the same way as with temperature ) ) ]

(Fig. 5) did not make a significant difference to this figure. Formatlonland groyvth.rates of 8 nm particles were estimated
High water vapour concentration in the air was anticorrelated™™ the size distribution data using the methods presented
with particle formation, as has also been observed in lgyti Py Makek et al. (2000) and Kulmala et al. (2001). The par-
(Boy and Kulmala, 2002). This could be explained by the ticle growth rates varied betw_een 0._5 and 10 nm/h (Fig. 9;1).
fact that relative humidity is higher in cloudy days with less 1€ growth rates have a maximum in summertime and min-
solar radiation to produce OH radicals and further condens!MUm in wintertime. The formation and growth rates in De-
able vapours and/or the high humidity causes the pre-existing€MPer, January and February are left out since there are only

aerosol sizes to grow so that more surface area is available fdt f€W data points for these months. Growth rates in Hyg(fi
vapour condensation. Hohenpeissenberg and St. Louis also have a summer max-

imum and winter minimum, and even their values are very
similar (Kulmala et al., 2004).

Atmos. Chem. Phys., 4, 2018623 2004 www.atmos-chem-phys.org/acp/4/2015/
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Fig. 9. Seasonal variations of growth rate) and formation rate
(b). Median, maximum, minimum, 25% and 75 % percentiles are
shown for each month. December, January and February are le

gig. 10. Average, minimum and maximum growth rates in nm/h
out due to poor statistics.

uring class 1 and 2 events, which occurred at different times of
the day and in different air masses. Figure 3 shows the number of
events falling into the different classes. Note that there were only
a few morning and night time events, especially polluted ones, and
The formation rates were around 0.1ths ™! (Fig. 9b),  the statistical significance of the numbers in these classes in limited.
and they exhibited no clear seasonal variation. These for-

mation rates are lower than those typical in Hg#i (0.5—

1cm3s1), and more anthropogenically affected measure-
ment sites like Hohenpeissenberg and St. Louis. Further-
more, the growth rates and the formation rates did not seern
to correlate with each other. This finding supports the con-
clusion of several other studies (see Kulmala et al., 2004).

Formation rate, 1/{cm?3s) legend

events, classes 1+2 i
aver value
max value

- ini ' ' d ight
Figures 10 and 11 show the mean, minimum and maxi- Py 2y nig
mum grOWth and formation rat.es, respectively, for f(.)rm.ation clean 0?3;4 poliuted  clean Dn:;:; polluted  clean 0?60810 polluted
events occurring at different times of the day and in differ- air iz iean, To5~ ) pal fean | 9530 Jpal

ent air masses (characterization as in Fig. 3). The growth / on
rates were highest in the morning time clean air events wher | %%
the air masses came from a westerly direction. For day anc v
evening events, easterly air masses led to the highest growt —1~

rates. Polluted air with high SQconcentrations did not in-

0.007

0.083
05

0.01
0.081
02

v

360 360

from Fig. 3, during morning and night there was altogether
only three polluted events and in all those cases the@0-
centration was only around 0.5 ppb. Morning events had, on o . ) )
average, slightly lower formation rates than the day and nigh#i9- 11. Average, minimum and maximum formation rates in
events. In the case of S@lean air masses, easterly trajec- 1/(cnPs) during class 1 and 2 events, which occurred at different

. . . ' times of the day and in different air masses. Figure 3 shows the
tories led to higher formation rates, for polluted day events

therlv ai had clearly | f i ¢ number of events falling into the different classes. Note that there
Southerly air masses had clearly lower formation rates. were only a few morning and night time events, especially polluted

Figure 12 shows the condensation sink (Dal Maso et al. gnes, and the statistical significance of the numbers in these classes
2002; Kulmala et al., 2001) calculated from the measureds limited.

aerosol size distributions during different kinds of event

conditions. The condensation sink describes the ability of

the pre-existing aerosol particles to deplete the condensablied to the highest sink values. The condensation sink was,
vapour. It was clearly higher during daytime polluted for- on average, lower on event days compared to the non-event
mation events than during clean air events. The rare morneays throughout the year, February being the only exception,
ing and night time medium high SQevents do not seem possibly due to too few datapoints. The condensation sink
polluted from the point of view of pre-existing aerosol pop- clearly decreased before the start of the event in roughly half
ulation. Easterly or southerly trajectories during pollution of the cases.

www.atmos-chem-phys.org/acp/4/2015/ Atmos. Chem. Phys., 4, 20232004
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Condensation sink 10%/s legend events, since fast vapour production is needed to compensate
events, classes 1+2 o high condensation sinks and sustain the observed growth.
o aver value Both for condensation sink and source rate easterly trajec-
Py tories led to higher values in clean air masses.
morning day night
or N , 7 Conclusions
clean ‘r;ug polluted clean lg polluted  clean 3,',9 poliuted
air alr ar alr air air During the calendar years 1998-2002, 147 clear 8 nm di-

2 oe 2 ameter particle formation events have been identified at the
0 » 5 SMEAR | station in \arrid, northern Finland. The events
’ ry direction agn

Trdjecto have been classified in detail according to the particle forma-

360 360 360
tion rate, growth rate, event starting time, different trace gas
dh ﬁ. a ﬂh gh concentrations and condensable vapour source rates as well
- - - as various meteorological conditions. The frequency of par-
20 ticle formation events was highest during the spring months

between March and May, suggesting that increasing biologi-
Fig. 12. Average, minimum and maximum condensation sink in cal activity might produce the precursor gases necessary for
10~4/s calculated from the measured aerosol size distribution durparticle formation. Most of the events also occurred during
ing class 1 and 2 events, which occurred at different times of the dayyaylight hours, which is usually the case for other observa-
and in different air masses. Figure 3 shows the number of event$iyns around the world. However, around twenty events were
falling into the different classes. Note that there were only a few observed when the sun was below the horizon. Most. but not
morning and night time events, especially polluted ones, and theall of these events occurred shortly after sunset an’d could
statistical significance of the numbers in these classes is limited. be, explained by actual nucleation or initial activation during
daylight, but slow growth allowed us to detect the particles
Vapour source rate 104s cm?) = only after sunset. There were also a few events during the
events, classes 1+2 - midwinter polar night. The formation event starting times
aver value did not follow the seasonal sunrise variation like they do in
a SMEAR Il Hyytiala, which also could be due to the larger cut
off diameter of the particle sizing instrument ifaKio. In or-

morning day night X . )
der to study the particle formation rigorously, a measurement
¥ 5s 22 ith a 3nm cut off diameter (like in Hyit#) is also
clean 3§° polluted clean 5“9 polluted  clean 252 polluted SySte_m wit a y&
air air air air air air requwed \AITIO.

Our analysis is consistent with earlier studies showing that
low relative humidity and low morning temperatures favour
particle formation, and high solar radiation and ozone con-
centrations are typical for formation event days, suggesting
the importance of photochemistry. The apparent 8 nm parti-
cle formation rates were around 0.1/&snand they were un-
correlated with growth rates, which varied between 0.5 and
10 nm/h. We have classified the air mass as polluted or non-
Fig. 13. Average, minimum and maximum vapour source rates in polluted on the basis of SGroncentration using 0.35 ppb as
10%(s cr?) during class 1 and 2 events, which occurred at different the limit. This classification is crude both due to the arbitrary
times of the day and in different air masses. Figure 3 shows thenature of the limit and due to the fact that S&one is used.
number of events falling into the different classes. Note that thereThe air masses, which had clearly elevated sulphur dioxide
were only a few morning and night time events, especially pollutedconcentrations above 1.6 ppb came, as expected, from the di-
ones, and the statistical significance of the numbers in these classggtion of the Nikel and Monschegorsk smelters. Only 15
is limited. formation events can be explained by the pollution plume

from these sources, and none of the dark time events fall into

Figure 13 shows the condensable vapour source rate in difthis category. The plumes resulted in higher formation rates
ferent conditions. The source rate was calculated from theof 8 nm particles compared to clean air formation events, but
vapour concentration needed to explain the observed growtthey did not influence the growth rate of these particles. The
rate and the condensation sink by assuming that the vapowondensation sink, which is a measure of the pre-existing
was in a steady state i.e. the source replaces the lossgmrticle surface available for condensation correlated with
to aerosol particles (Kulmala et al., 2001). The calculatedsulphur dioxide concentration, confirming that the,St@h
source rates were high during daytime polluted formationair plume was also polluted with particles.
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