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Long-term observations of atmospheric constituents such as particulate matter (PM) are increasingly important in evaluat-
ing their adverse effects on human health and climate. Time series (2005-2007) of the hourly mass concentrations of PM10
recorded at three air quality monitoring (AQM) sites characterized by a different exposure to traffic emissions in Vilnius city
have been used for the investigation of spatial and temporal variations as well as the input of pollutants to PM10 levels by long-
range transport of air masses. The distribution plots of PM10 24-h mean mass concentrations showed a unimodal lognormal
distribution with the mode centered on 34.4, 21.6, and 19.9 pg/m?, respectively, at the traffic-exposed (Zirmanai), semi-urban
(Senamiestis), and urban background (Lazdynai) sites. The difference between traffic-exposed and urban background data in-
dicates average concentration increment of 12.5 ug/m® of PM10. Site-specific, clear diurnal and seasonal fluctuations were
observed for PM10 concentrations at all AQM sites. Two major pollution episodes when PM 10 24-h mean exceeded 50 zg/m?3
were differentiated. The first one (25 April — 15 May 2006) was characterized by the long-range transport of pollutants emitted
by biomass burning in southeastern Europe. In the second episode (9-17 January 2009), high levels of PM 10 were determined,
tracing the polluted air mass transport from southwestern Europe where large combustion plants are responsible for two thirds
of the European Union (EU) total sulphur emissions.
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1. Introduction

Particulate matter (PM) is a general term used for a
mixture of solid particles and liquid droplets, in a wide
range of size and chemical composition, suspended in
the atmosphere. They may be emitted directly by a
source (primary particles) or can be formed in the at-
mosphere (secondary particles) by transformation of
gaseous precursors emitted from a variety of sources.
Primary particles, which may be coarse or fine, are
commonly associated with combustion sources includ-
ing traffic, industry, domestic heating, as well as sea
salt, pollen, volcanic emissions, and earth crust ma-
terials. Secondary particles are finer and formed in
the atmosphere through chemical and physical conver-
sions of gaseous precursors such as nitrogen oxides
(NO,), sulphur dioxide (SOs3), volatile organic com-
pounds (VOCs), etc. The impact of ambient particulate
matter on public health, global climate, and local visi-
bility has been a longstanding concern of the air qual-
ity management for community and regulatory author-
ities. A large number of epidemiological studies have
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been conducted worldwide that demonstrated associa-
tions between concentrations of atmospheric particles
of the aerodynamic diameter smaller than 10 pm and
excesses in daily mortality and morbidity, especially in
urban areas [1,2]. Scientific studies show that there is
a strong relation between PM and a series of significant
adverse impacts on the environment via reduced visi-
bility and changes in the nutrient balance through de-
position processes. The atmospheric particulate matter
plays an important role in the trace material cycle of the
atmosphere and may influence the atmospheric chem-
istry. PM has climate-forcing impacts, either contribut-
ing to or offsetting the warming effects of greenhouse
gases and can also act as condensation nuclei in the
cloud formation [3,4]. Furthermore, secondary inor-
ganic particle formation and transport have been studied
for decades as they contribute to acidification of soils.
Hence, for all these issues a thorough knowledge of the
concentrations of PM as well as their sources and sinks
is needed. Particles may present diverse physical (size,
surface area, density, number) and chemical patterns in
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different areas due to a large number of natural and an-
thropogenic sources. In addition to the local and re-
gional anthropogenic particulate matter emissions, both
the concentration and composition of airborne PM de-
pend on the climatology (temperature, humidity, solar
radiation, rain scavenging potential, re-circulation of air
masses) and on the geography (topography, soil cover,
proximity to arid zones or to the coast) of a given re-
gion. Therefore, wide variations in PM concentrations
and characteristics may be expected when considering
European regions such as the Mediterranean and Scan-
dinavian countries with different climatologic and geo-
graphical patterns. Data on particulate matter physical
and chemical characteristics and source apportionment
of a wide variety of sites in Europe may be found in
Putaud et al. (2004) [5] and van Dingenen et al. (2004)
[6]. However, the current European Union (EU) limit
value (LV) for airborne PM 10 comprises both an annual
mean concentration (40 ;g/m?) and daily concentra-
tion of 50 ug/m? which should not be exceeded more
than 35 days a year [7].

Atmospheric particulate matter in Vilnius city may
originate from three predominant sources, i. e. primary
combustion particles (originating largely from motor
vehicles), secondary particles (arising from the oxi-
dation of SO-, NO,, and VOC) and dust/soil resus-
pension processes. Previous measurement data from
the air pollution studies in Vilnius city have shown
that 24 h mean concentrations of various pollutants
(i.e. benzo(a)pyrene, total particulate matter, carbon
monoxide) have sometimes exceeded permissible lev-
els [8—10]. However, in Vilnius, where emissions from
industrial sources and stationary combustion are mod-
est, the motor vehicles’ contribution has been estimated
to represent about 64% of the emissions of particles in
the area in 2006 [11].

The main objectives of this study were: (i) to esti-
mate an intraurban variation in PM10 mass concentra-
tions; (ii) to determine diurnal and monthly variations
in PM10 concentrations; (iii) to evaluate the importance
of air masses’ origin for the PM10 concentration in Vil-
nius city.

2. Measurement sites and methods

Spatial and temporal variations of PM10 within Vil-
nius city were investigated using the data sets collected
from three air quality monitoring (AQM) sites of the
Lithuanian Environment Protection Agency during a
3-year period (2005-2007) [12, 13]. These AQM sites
were chosen in order to represent an urban background

(Lazdynai, residential) site, semi-urban (Senamiestis,
mixed residential and commercial) site, and the site
with an intensive road traffic flow (Zirml‘mai) in Vil-
nius. The Zirminai air pollution monitoring station is
located on Kareiviy street close (about 150 m) to one of
the significant and busiest junctions in Vilnius city with
the traffic density of 30,000—40,000 vehicles per 24 h.
The sampler was situated at about 2 m from the edge of
the curbside and about 6 metres from the street with a
4-lane road and a frequent congestion. Braking is fre-
quent near the measurement site due to the presence of
traffic lights on the nearest junction.

The Senamiestis air pollution monitoring station is
located in the old part of Vilnius, in a densely popu-
lated area with residential and commercial buildings.
The sampler is located in a square (K. Sirvydo) sur-
rounded on two sides by streets (Pilies and §Varco) with
a moderate intensity of traffic.

The Lazdynai air pollution monitoring station is lo-
cated within a residential district nearby the TV tower
in a relatively open area. There are no residential build-
ings and heavily travelled streets within a few hundred
metres from the station. There are also no significant
stationary sources within 2—4 km.

The mass concentrations of PM10 were obtained
with the automatic analyzers using either the Environ-
ment PM101M monitors based on the [S-attenuation
method (in Zirmanai and Lazdynai) or the tapered-
element oscillating microbalance (TEOM) series 1400a
monitor (at Senamiestis). The data of the traffic density
used in this study are taken from [14].

The monitoring data of PM 10 concentrations used in
this paper have been available originally on the basis of
1 h averages. The daily means of PM 10 have been cal-
culated from the 1 h averages and were used for statisti-
cal considerations. For the calculation of daily means a
minimum number of 20 one-hour values was required,
otherwise the value was considered as missing. Log-
arithms of all daily means of PM10 mass concentra-
tions were calculated and after determining the max-
imum and minimum values the whole interval of nu-
merical values of logarithms of daily means of PM10
concentrations was divided into 18 segments. The seg-
ment had a value of 10 pug/m3. Later, the number of
concentration logarithms corresponding to a particular
segment was divided by the numerical value of this seg-
ment interval. In such a way, the density distribution
was obtained. Finally, the distribution mode, the av-
erages of mode concentrations, and their standard de-
viation were determined by the least-squares method.
A more specific explanation of application of the log-
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normal distribution law can be found in the study by
Sakalys et al. (2004) [15].

The potential source area of PM10 during the long-
range transport (LRT) episodes was detected using
backward air mass trajectories. 72-h air mass backward
trajectories at heights of 50, 1000, 1500 m above the
ground level were obtained by the atmospheric model
Hybrid Single-Particle Lagrangian Integrated Trajecto-
ries (HYSPLIT), version 4 [16].

3. Results and discussion

3.1. Mass concentration of PM10 and spatial
distribution patterns

The concentrations of air pollutants are usually ran-
dom variables and every area is a special case. The
lognormal distribution is the most popular distribution
used for fitting the air pollutant concentration. Distri-
butions of pollutant concentrations measured in the en-
vironment often appear to be approximately unimodal
lognormal ones [17,18]. As seen in Fig. 1, the PM10
concentration distribution has a rather similar shape
and can be approximated by unimodal lognormal dis-
tributions at all three sites. The distribution plots of
PM10 24-h mean mass concentrations showed the uni-
modal lognormal distribution with a mode centered on
34.4,21.6, and 19.9 ug/m?, respectively, at the traffic-
exposed (Zirmﬁnai), semi-urban (Senamiestis), and ur-
ban background (Lazdynai) sites. The occurrence of
maximum frequency differs between the traffic site and
two other urban sites. A shift of maximum frequency
to the higher concentrations is observed at the traffic
site. The daily means of PM10 concentrations falling in
the range of 25.7-40.2 1g/m? constituted the dominant
fraction (75%) of total values at the Zirmunai site, while
it was in the range of 16.4-26.0 and 16.0-24.0 ;g /m? at
Senamiestis and Lazdynai sites, respectively. The data
indicate that the EU limit value of 50 pug/m? as a daily
mean concentration of PM10 was annually exceeded
52, 15, and 11 days, respectively, at traffic, semi-urban,
and urban background sites. The exceedences (Table
1) of the limit value most often occurred at the sta-
tion with great influence of traffic during 2006 when 66
days had daily means of PM10 concentrations higher
than 50 pg/m>. The results of this comparative analy-
sis indicate that PM10 levels at the Zirmiinai sites can
be distinguished by such a factor as traffic intensity. As
seen in Table 1, PM10 annual mean concentrations vary
between 17.5 and 37.3 pug/m? and cover a relatively
narrow range with the inter-annual variability not more
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Fig. 1. Frequency distributions of 24-h average PM10 concentra-

tions at 3 AQM sites (Vilnius) in the period of 1 January 2005 —

31 December 2007 (black solid line is distribution of concentration
logarithms, thin line marks 20 intervals).

than 30% at each station. Meteorological conditions af-
fect PM concentrations in the atmosphere by determin-
ing formation, dispersion, and removal of atmospheric
pollutants. Thus, year-to-year variability in PM10 con-
centration is partly due to the inter annual meteorolog-
ical variability. PM10 annual mean concentrations dif-
fered more from site to site, the lowest concentrations
were observed at the urban background site (Lazdynai)
and increased values were measured at the semi-urban
site (Senamiestis). Remarkably higher PM 10 levels de-
termined for the site with a heavy traffic (Zirmuinai)
point up a relatively high contribution from the traffic.
The data show that the limit value of the EU directive
(PM10 annual mean of 40 pg/ m?) was not exceeded at
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Table 1. Annual mean, standard deviation (SD), range of daily average PM10 mass
concentration (11g/ m?), and the exceedences (days) of the EU 24-h PM 10 limit value
at three sites in Vilnius city.

2005 2006 2007
Sites Mean Min/max Mean Min/max Mean Min/max
(SD)  exceedences (SD) exceedences (SD) exceedences
Zirmunai 33.1 5.9/192.0 37.3 6.2/130.5 322 5.1/122.0
(16.5) 44 (19.6) 66 17.2) 47
Senamiestis ~ 23.7 4.1/110.3 18.4 4.3/78.0 21.7 5.0/117.7
(11.8) 18 8.4) 4 (13.0) 22
Lazdynai 21.9 4.4/83.3 20.9 4.1/99.2 17.5 3.8/82.9
(10.9) 15 (10.8) 11 (10.2) 7

study sites in Vilnius city. Variation of the daily means
expressed by the coefficients of variation, i. e. the stan-
dard deviation (SD) divided by the mean, is very similar
to an average of 50-58% over that period for the three
sites. The difference for the 1-year mean concentration
of PM10 between the urban background and semi-urban
sites is from 1.8 to 4.2 ug/m3. These values demon-
strate rather small differences and support the idea of
regional pollution by PM10 and its strong connection
to the long-range transport of particulate and gaseous
pollutants on the regional scale [19].

On the whole, PM10 levels in Vilnius city were con-
sistent with those obtained in European cities and can
be ascribed to sites with lower annual average concen-
trations. Van Dingenen et al. [6] reported PM10 con-
centrations of 27.5, 25.1, and 23.0 ug/m? for three dif-
ferent sites in London. Long-term (1998-2003) PM10
annual means at the Finnish urban sites ranged from
11 to 24 pg/m3 [20]. For PM10 concentrations at
several urban and rural sites in Switzerland Monn et
al. [21] reported 10-33 ug/ m?, Roosli et al. [22] re-
ported 28 p1g/m3, and Gehrig et al. showed [23] 22.5—
35.9 pg/m3. A two to threefold concentration range
(from 41 to 98 ug/ m?) was found for PM10 in Cen-
tral and East European countries: Bulgaria, the Czech
Republic, Hungary, Poland, Romania, and Slovak Re-
public [24]. The concentrations in the Czech Repub-
lic, Slovak Republic, and Hungary were considerably
higher than the Austrian data [1]. At urban background
sites, the highest PM10 levels were obtained in Spain
and Germany where the annual PM 10 mean varied from
28 to 42 pg/m3. At the other urban background sites
PM10 levels reached around 25 pig/m?3, with the lowest
values recorded in Sweden (17-23 ug/m?). A similar
variation was found for the traffic-exposed sites. The
highest annual means for PM10 of 37-55 ug/m? were
obtained in Austria, Germany, and Spain. At the traffic
sites in the Netherlands and the United Kingdom PM10

concentration varied from 30 to 35 pg/m?, and from 26
to 51 ug/ m3 in Sweden [25]. Marcazzan et al. [26] re-
ported PM10 winter concentrations of 103 zg/m3 and
summer concentrations of 68 pg/m? in Milan, Italy.
The presented data from the cities in different parts of
Europe show that annual means for PM10 exceeding
30 ug/m? are quite typical of urban environments.
The method [27], which is frequently used to derive
information about the spatial uniformity of pollutant
concentrations within the study area, is the compari-
son of PM 10 mass concentrations measured at the sites.
Three patterns of relationships between PM10 daily
concentrations measured on the same days for Lazdynai
and Zirmﬁnai, for Senamiestis and Zirmﬁnai, for Laz-
dynai and Senamiestis are illustrated in Fig. 2. The data
of the relationship between PM10 concentrations from
the traffic site (Zirminai) and the urban background site
(Lazdynai) (Fig. 2(a)) show a slope larger than 1.0, a
positive mass increment of 12.6 ;1g/m3 of PM10 at the
traffic site and the correlation coefficient » = 0.71. A
similar pattern (Fig. 2(b)) was observed for the rela-
tionship between the traffic site (Zirmﬁnai) and the si-
multaneously measured PM10 concentrations at the ur-
ban site with moderate traffic (Senamiestis). The Laz-
dynai and Senamiestis sites appeared to show a some-
what intermediate pattern (Fig. 2(c)), having a slope
close to 1.0, relatively slight positive PM10 mass in-
crement of 3.1 pg/m? at the moderate traffic site, and
the correlation coefficient » = 0.82. Rather similar av-
erages for PM 10 concentrations over the period at those
two sites (21.6 and 19.9 ug/m?) and a high correla-
tion between PM 10 values suggest regionally homoge-
neous sources. The increment of PM10 concentrations
between the traffic site and the urban background site
can be attributed to the local influence of traffic on the
adjacent street. High and significant (0.71 < r < 0.82)
correlation coefficients between the daily average con-
centrations of PM10 from three sites show relatively
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Fig. 2. Scatter plot and linear regression line between 24-h aver-
age PM10 concentrations measured on the same day at air quality
monitoring sites (Vilnius).

uniform temporal distribution of PM10 mass concen-
trations in the city.

In addition to correlation coefficients, the calcula-
tion of the coefficient of divergence (COD) as a rela-
tive measure of PM concentration uniformity within the
study area is recommended by Wilson et al. [28]. The
COD is defined mathematically as follows:

1 P T3 — Tik 2
CODj, =, | - (j ; (D
! p Z Tij + Tk

i=1

here x;; and x;;, represent the 24-h average PM con-
centration for sampling day ¢ at sampling sites j and k&,
and p is the number of observations. A COD value of
zero or close to zero indicates similarity between con-
centrations at the two investigated sites, while a value
approaching one indicates maximum differences and
absolute heterogeneity. The application of this proce-
dure to the PM10 daily dataset yielded relatively low
COD values (<0.25). Source-similar sites (Lazdynai
and Senamiestis) had a COD of 0.19, while Lazdy-
nai and Zirmanai sites, measuring PM 10 concentrations
from different types of sources, resulted in a COD of
0.23. This reveals that throughout the whole study pe-
riod the PM10 levels of all three sites were mostly in-
fluenced by similar sources, i.e. regional emissions or
long-range transport, and only to a certain extent by
site-specific local emissions, which were assumed to be
responsible for the differences in PM10 concentration
between the Zirmiinai and Lazdynai sites. The COD
value of 0.19 for Lazdynai and Senamiestis indicates a
better uniformity.

3.2. Diurnal and seasonal distribution patterns of
PM10 mass concentrations

In addition to spatial variation, particulate matter has
been shown to fluctuate over time [29]. Many urban
areas experience a diurnal cycle in air pollutant con-
centrations, as anthropogenic sources make up a large
portion of measured concentrations. Over short sam-
pling durations (1 or 24 h), pollutant concentrations for
different sites in a city will usually differ to a greater de-
gree than measurement data averaged over longer peri-
ods. The diurnal variation of PM10 concentrations de-
pends on the day of the week; we have selected data for
analysis from the working days (Monday—Friday) and
weekends (Saturday—Sunday). The diurnal patterns of
PM10 mass concentration prepared for each of the three
study sites are shown in Fig. 3. Initially, the number
of vehicles passing the sampling point at the Zirmiinai
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Fig. 3. Mean diurnal variation of PM 10 concentration during work-
days and weekends at 3 AQM sites in Vilnius during the period of
1 January 2005 — 31 December 2007.

site was low, with 1300 vehicles/h at 06:00 rising to
2500 vehicles /h from 08:00 to 10:00, corresponding to
the morning rush-hours. The traffic intensity dynam-
ics at the Zirmanai site was found in [19]. The con-
centrations of PM10 at the Zirmanai site show a dis-
tinct daily variation caused by emission changes stim-
ulated by vehicles during the day and the dispersion
conditions. The concentrations continuously increase
during the morning rush hours, from approximately
6:00 to 12:00, during working days. Subsequently, the
concentrations decrease slowly during the rest daytime
hours, in some cases also showing peak values during
the afternoon rush hours, from approximately 16:00 to
18:00. The maximum (41 xg/m?3), recorded at 10:00—
12:00, is by approximately 98% higher than the daily
minimum. The more moderate diurnal variation of the
PM10 concentrations is seen on weekends; the maxi-
mum (29 pg/m?) is by approximately 37% higher than

the daily minimum. The diurnal patterns of PM10 mass
concentration at Lazdynai and Senamiestis sites are
similar to those of Zirmunai site, but variation of PM10
concentrations is not so significant. At all stations lower
levels of PM10 are observed on the weekends than dur-
ing workdays. The weekend PM 10 levels were, on aver-
age, by 9 and 4 pg/m?> lower than the workday levels,
respectively, at a traffic site and an urban background
site, and this gives indirect evidence that the PM10 con-
centrations are originated mainly from local vehicular
transport by direct emissions and suspension of road
dust particles from the road surfaces. The latter process
is most important during early spring when the roads
are dry and the sand is not removed from roads, and
the studded tyres are not removed from the vehicles.
The correlation between the traffic density, NO, and
CO gases, and the PM concentration in cities has been
investigated in the studies [30, 31] and by means of re-
ceptor modelling the PM from the local traffic could be
successfully attributed to four sources: exhaust, road
dust, brake wear, and winter salting. Roughly half of
the road dust could be attributed to asphalt wear or other
mineral dust sources. The other half must be due to
tyre wear and probably other sources of organic mate-
rial. Figure 4 presents the monthly mean, daily maxi-
mum and minimum concentrations of PM10 measured
at traffic, urban background, and urban sites from 2005
to 2007. At all three sites the highest monthly PM10
levels were recorded in late winter and spring (from
February to May). Conversely, the lowest PM10 lev-
els were measured in summer. Data show much larger
fluctuations of PM10 daily concentrations during win-
ter and spring than during summer and, therefore, the
exceedences of the daily limit value of 50 pg/m3 for
PM10 were not evenly distributed over the year at all
stations. These exceedences were more frequent in
March and April with hourly mean PM10 concentra-
tions rising up to 200 and 130 pg/m? at Zirmiinai and
Lazdynai sites, respectively. The winter—spring maxi-
mum of PM10 concentrations can be explained by sea-
sonal change in the meteorological conditions, such as
wind speed, wind direction, and restricted atmospheric
mixing conditions. It was established [9, 10] that seri-
ous pollution episodes in Vilnius city were not generally
caused by the sudden increase in the emission of pollu-
tants, but resulted from the unfavourable meteorologi-
cal conditions that influence pollutant dispersion: the
wind speed and direction, the boundary layer depth, the
vertical temperature gradient, and stability class of the
atmosphere. A limited dispersion during periods with
low temperatures causes higher PM10 concentrations.
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tions of PM10 at all 3 sites in Vilnius during the period of 1 Jan-

uary 2005 — 31 December 2007. In rectangles is the number of
exceedances of the EU 24-h limit value for PM10 of 50 pg/m?®.

Moreover, the springtime dry periods with increasing
temperatures, heating, and evaporation cause the effec-
tive suspension of the dust accumulated from multiple
sources to road surfaces and initiate the elevation of
PM10 concentrations. However, the synchronized day-
to-day variation at study sites across Vilnius city points
up the role of weather patterns in the formation of pol-
lution episodes. Overall, the mass concentrations of
PM10 were clearly higher at the traffic site (Zirmanai)
where the local emission from the intense traffic consid-
erably contributes to a surplus of the PM10 burden. At
the urban background and semi-urban sites, which are
less influenced by traffic emission, the monthly means
of PM10 are almost the same and are less than half of

those at the traffic site. The seasonality of PM10 has
also been proved in a number of studies [23, 25, 32].

3.3. Examination of selected PM 10 pollution episodes
in Vilnius

As already mentioned above, PM10 concentrations
in Vilnius city are influenced by the combination of
emission sources and meteorological conditions, which
cause the accumulation as well as transport of pollu-
tants. As shown in the study [8] the concentration of
pollutants including particulate matter close to the road
is higher by factor of 8.1 than that determined at a 40 m
distance from the road and the spatial distribution of
PM10 concentrations originating from local traffic oc-
curs substantially on the microscale (i.e. on a scale of
tens or hundreds of metres). The atmospheric lifetime
of PM10 is of a magnitude allowing it to be advected
over distances of several hundreds of kilometres and to
be accumulated in air mass over several days usually
during the stable high pressure situations. Therefore, a
simultaneous increase in PM10 levels at all three sites
in Vilnius city may be associated with regional episodes
or with “external” contributions by long-range transport
of pollutants from the regions in Europe.

Two types of episodes with simultaneous increase
in PMI10 daily values exceeding 50 ug/m? at the ur-
ban traffic and urban background air quality monitor-
ing sites in Vilnius during different seasons in 2006 and
2009 were analysed.

In spring of 2006, a large part of Europe experi-
enced reduced air quality for a prolonged period of time
caused by emissions from agricultural waste burning in
eastern Europe. This was caused by specific meteoro-
logical conditions that resulted in the transport of fire
plumes well beyond the northern and western continen-
tal Europe up to high Arctic latitudes. For investigation
of wild fire areas, daily active fire hot spot detections
were extracted from the MODerate-resolution Imaging
Spectroradiometer (MODIS) Rapid Response System
[33,34].

Figure 5 shows PM10 daily concentrations measured
at urban background and traffic sites in Vilnius from 10
April to 8 May 2006, the MODIS produced fire map,
and air mass backward trajectories to Vilnius. Analy-
sis of air mass backward trajectories and fire map con-
firmed that the long-range transported pollutants emit-
ted by biomass burning in southeastern Europe had a
strong impact on PM10 concentrations in Vilnius in
April-May of 2006. As shown in Fig. 5, in the pe-
riod of 29 April — 4 May air masses arrived from
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the agricultural waste burning area (moving over Rus-
sia, the Ukraine, and Belarus), and an increase in the
PM10 concentrations was recorded on 29 April (76
and 73 pug/m? at Zirmiinai and Lazdynai sites, respec-
tively). The PM10 daily values reached a maximum
(130 and 99 pg/m? at Zirmiinai and Lazdynai sites, re-
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spectively) on 2 May 2006 and remained at elevated
level until 7 May. On 7-8 May 2006 the Atlantic air
masses were advected towards Vilnius city causing a
drop in PM10 concentrations. This episode was ex-
tensively reported in papers [35,36]. Saarikoski et al.
[37] showed that PM10 concentrations during the pe-
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Fig. 5. (a) MODIS produced fire map during 25 April — 15 May 2006, (b) daily mean concentrations of PM 10 measured at traffic and urban
background sites, and (c) backward air mass trajectories during the period of 10 April — 9 May 2006.
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Fig. 6. (a) Backward air mass trajectories and (b) daily mean concentrations of PM10 measured at traffic and urban background sites during
the period of 9-17 January 2009.

riod of 25 April to 5 May 2006 were in the range of
68-81 pg/m? at an urban background site in Helsinki.
Seven urban sites in England and Wales [38] registered
elevated levels of PM10 with maximum hourly concen-
trations of 163 g/m3 at the Glasgow roadside site in
Scotland and concentrations >130 pg/m? at seven ur-
ban sites in England and Wales from 8 to 10 May 2006.

Emissions from agricultural waste burning in fields
and wildfires deteriorate air quality over very large ar-
eas, even at the distance of over 1000 km from the fire
areas. Therefore, the smoke from open biomass burning
is an important factor in the deterioration of air quality
in Europe during dry periods in spring and late summer.
In future, climate change may increase extreme meteo-
rological conditions (e.g. dry heat waves) and smoke
episodes if more efficient fire prevention measures are
not implemented.

The second highest PM10 level at the monitoring
sites in Vilnius city was recorded during the period of

13-15 January 2009. Daily mean PM10 levels were
in the range of 73-88 and 70-105 ug/m? at the ur-
ban background and traffic sites, respectively. Fig-
ure 6 depicts examples of typical situations with long-
range transport from regions in southern Poland, north-
ern Moravia (the Czech Republic), and Bulgaria where
large combustion plants are responsible for two thirds
of EU total sulphur emissions [39] during 14-15 Jan-
uary 2009 coinciding with high PM10 concentrations
in Vilnius city. Before and after this event, significantly
lower PM10 levels (<30 pg/m3), when air masses’
flow was from the northwestern Europe, were related
with local emission sources. In previous studies it has
been shown [40,41] that the air mass flow from the
southeasterly direction dominates in April and May,
and south-southwesterly directions are most frequent
during winter months and early spring. In general, the
air flows over the large area sources of SOy and NO;
emissions in the southern part of Europe can be consid-
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ered as a peculiar feature of transport of air pollutants
to the Lithuanian territory.

4. Conclusions

The distribution plots of PM10 24-h mean mass
concentrations showed the unimodal lognormal dis-
tribution with a mode centered on 34.4, 21.6, and
19.9 ug/m3, respectively, at the traffic-exposed (Zir-
miinai), semi-urban (Senamiestis), and urban back-
ground (Lazdynai) sites in Vilnius city.

High and significant (0.71 < r < 0.82) correlation
coefficients between the 24-h mean concentrations of
PM10 from three sites show relatively uniform tempo-
ral distribution of PM 10 mass concentrations in the city.
This implies that throughout the whole study period the
PM10 levels of all three sites were mostly influenced by
similar sources (e. g. regional emissions or long-range
transport) and only to a certain extent by site-specific
local emissions. Inter-site data comparison shows that
highest concentrations of PM10 have been observed at
the traffic-exposed site and the lowest ones at an ur-
ban background site. The roadside increment in PM10
mass concentration of 12.6 ;g/m? has been observed
from paired traffic-exposed and urban background sites
and may be attributed to vehicle exhaust emissions and
to other sources such as resuspension, brakes and tyre
wear.

Diurnal cycles displayed a morning maximum in
PM10 concentrations correlating with the onset of vehi-
cle activity on the road. Monthly averaged concentra-
tions of PM10 were generally higher during late win-
ter and spring (from February to May) at three sites.
Conversely, the lowest PM10 levels are measured in
summer. PM10 levels (annual mean concentration) in
Vilnius city ranged from 17.5 to 37.3 pg/m3. The EU
limit value of 50 z1g/m? for PM10 (24-h mean) was ex-
ceeded more than 35 days annually only at the traffic-
exposed site (2irmﬁnai) and this exceedence was less
than 35 days at the urban background (Lazdynai) and
semi-urban (Senamiestis) sites.

The simultaneous increase in PM10 daily values ex-
ceeding 50 g/m? at three sites in Vilnius city was re-
lated to “external” contribution of pollutants by long-
range transport from open biomass burning in eastern
Europe and from ordinary anthropogenic sources (e. g.
energy production, traffic, industry, and wood combus-
tion) in western Europe.
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AEROZOLIO DALELIU (<10 zm) KONCENTRACIJOS VILNIUJE KAITA

D. Sopauskiené, D. Jasineviciené

Fizikos institutas, Vilnius, Lietuva

Santrauka

Per pastaruosius kelis deSimtmecius pastebimai didéja moks-
liniy publikacijy, kuriose jvairiais aspektais pateikiami duomenys
apie atmosferos aerozolio daleles [5,6]. Dél savo fiziniy ir chemi-
niy savybiy jvairovés jos tiesiogiai veikia daugelj atmosferos pro-
cesy, tuo paciu globaly ir regiono klimata [4]. Be to, nustatytas ry-
Sys tarp aerozolio daleliy koncentracijos ir Zmoniy sergamumo bei
mirtingumo, ypac urbanizuotuose rajonuose [2]. Aerozolio dale-
liy savybés ir koncentracija kinta laike ir erdvéje priklausomai nuo
ju emisijos Saltiniy tipo, stiprio ir geografinés vietos. Taigi, ivai-
riais aspektais vykdomi aerozolio daleliy tyrimai skirtingose pasau-
lio vietose yra labai aktualts ir daZnai j{jungiami i jvairiy pasauliniy
programy sudéti [19, 24, 25]. Pagrindinis Sio darbo tikslas buvo nu-
statyti aerozolio daleliy, kuriy skersmuo yra maZesnis nei 10 pm,
masés koncentracijos erdvinés sklaidos Vilniaus mieste ypatumus,
paros ir sezoning jos kaita bei jvertinti toli esanciy tarSos Saltiniy
poveiki. Trijy oro kokybés tyrimy sto¢iy Vilniuje aerozolio daleliy
masés koncentracijos duomenys paimti i§ Lietuvos aplinkos apsau-
gos agentiiros interneto puslapio [13]. Pasirinktose stotyse nenu-
trukstamai matuojamos ore aerozolio daleliy koncentracijos: esant
intensyviam transporto eismui Kareiviy gatvéje (Zirmainuose), gau-
siai Zmoniy lankomame ir tankiai gyvenamame rajone (Senamies-
tyje) ir atokiau nuo intensyvaus transporto eismo gatviy bei sta-
cionariy tarSos $altiniy esan¢iame gyvenamajame rajone (Lazdy-
nuose).

Atlikus statisting 2005-2007 m. aerozolio daleliy 24 val. (t.y.
paros) vidutiniy masés koncentracijy analizg, nustatyta, kad visose
trijose oro kokybés tyrimo vietose gautus duomenis gerai apraso
lognormalinis pasiskirstymas, turintis tik po viena moda, kuri Zir-
minuose, Senamiestyje ir Lazdynuose atitinkamai yra 34,4, 21,6 ir
19,9 ug/m?3. Dideli koreliacijos koeficientai (0,71 < r < 0,82) su
patikimumu p > 0,99, gauti lyginant aerozolio daleliy koncentraci-
jas dviejose ju matavimo stotyse (2 pav.), rodo gana vienoda ju pa-
ros vidutiniy koncentracijy eiga ir tai, kad aerozolio daleliy koncent-
racijas lemia tie patys tarSos Saltiniai (lokaliné terSaly emisija bei ju
pernasa i§ tolimesniy regiony). Taciau Zirmanuose 12,5 ug/m? vi-
dutini§kai didesnés nei Lazdynuose ir Senamiestyje (2(a,b) pav.)
aerozolio daleliy koncentracijos rodo vietinio tarSos Saltinio (auto-
transporto) jtaka. Lazdynuose matuojamos aerozolio daleliy kon-
centracijos gali baiti traktuojamos kaip Vilniaus miesto foninés kon-
centracijos. Visose matavimo stotyse aerozolio daleliy koncentraci-
jos turéjo ir paros, ir sezoninj sanda. Didesnés koncentracijos buvo
budingos laikotarpiui nuo vasario iki geguzés mén., o maZiausios —
vasara.

Nagringjant dviejose stotyse vienu metu stebétus du (5 ir 6 pav.)
dideliy aerozolio daleliy koncentraciju (>50,0 pg/ m3) atvejus ir
analizei panaudojus atgalines oro masiy pernasos i Vilniy trajekto-
rijas, nustatyta, kad aerozolio daleliy dideles koncentracijas lémé
terSalai, atnesti i§ pietryting€s ir pietvakarinés Europos emisijos Sal-
tiniy.



