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Abstract: Both organic carbon (OC) and black carbon (BC) mass concentrations were
measured in Lithuania at coastal/marine (Preila), rural (Riigsteliskis), and urban background
(Vilnius) environments have been analyzed to infer the spatial and temporal distributions of
the OC/BC ratios from May 2013 to October 2014. OC/BC ratios reflected the location of
the different sites, as well as possible different sources influencing air quality. The results
from an industrialized and populated urban background area indicated that biomass
combustion for heating contributed to BC and OC mass concentration. Typically, BC mean
concentrations (£st.deviation) were higher in urban areas (1.72(£1.22 pg-m™)) than in rural
(0.40(x£0.35 pg'm™)) and coastal/marine (0.53(£0.43 pug-m™>)) during warm and cold
(2.34(£2.15); 0.77(x0.52) and 0.84(x0.50) pg-m>, respectively) periods, while OC
concentrations were higher in urban backgrounds (5.91(x1.99 pg-m™)) and rural areas
(4.56(+3.98 pg-m™)) during warm periods. The air mass backward trajectory analysis
indicated influence of local sources in urban environment and strong influence of long-range
transport in rural environment. A clear seasonal dependence of OC/BC ratios was observed at
rural and urban environments. The highest OC/BC ratios were calculated in coastal/marine
(6.3) and rural (9.5) environments in summer.
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1. Introduction

Atmospheric carbonaceous aerosols constitute a significant part of the atmospheric aerosols, while a
large part of them consists of organic material (~50%) [1]. The carbonaceous atmospheric particulate
matter consists of black carbon (otherwise called elemental carbon (EC) and a variety of organic
compounds. Black carbon (BC) is a primary incomplete combustion-generated carbonaceous aerosol
with a graphitic-like structure, while organic carbon (OC) may have both primary and secondary origins [2].
Primary OC may result from fossil fuel emissions, biomass burning or represent biological particles or
plant debris [3] while the secondary OC can be formed in the atmosphere by gas-to-particle conversion [4].
There are several indirect approaches used to estimate the amount of primary and secondary OC. Among
these, OC/EC ratios exceeding values of 2.0 have been used to identify the presence of secondary organic
aerosols [5]. Secondary organic aerosols are also associated with high levels of water-soluble organic
carbon, induced by photochemical reactions, especially during warm seasons [6]. It is known that OC
exhibits a wider size distribution, whereas EC is found generally in the submicrometer range [3]. As BC
and EC in airborne particulate matter originates from the incomplete combustion of carbonaceous
fuel [7-8], these two carbonaceous species are often well correlated [9]. A number of studies have been
published regarding BC measurements with a view to assess the spatial and temporal variation [10-16]
via multiple ground-based instrumentation and techniques. Many research studies have been performed
and reported for influence of traffic [17] and domestic biomass burning [ 18] which play significant roles
in the atmosphere of urban areas. The lifetime of BC is about seven days in the troposphere [19] and
hence can be transported to long-distances [20]. Thus, it is important that investigations on BC
concentrations would be carried out in different environments in order to understand their impacts.
Increasing attention was being concentrated in the estimation of primary and secondary OC
concentrations [2,3,21-23]. Pio et al. [3] suggested that the ratio of OC and EC could be used as a tool
to derive OC from primary and secondary sources. Although many uncertainties remain with BC analysis
techniques, EC has mostly been used as surrogate for BC [24]. Inter comparison measurements of BC
and EC have been conducted in different countries and environments [25] and substantial differences
must be expected. However, the sources of OC still cannot be estimated accurately. In Lithuania, few
studies have been carried out on BC measurements with a view to assess their pollution events and annual
variation of BC mass concentration [26,27]. There have not been previous long-term OC measurements.

The aim of this study is to characterize the variations of BC and OC aerosols in distinct environments
of Lithuania. We have performed seasonal variations of BC and OC to show spatial and temporal
alteration and determine important sources at each environment. The long-range transport of BC between
two sites and analysis of OC/BC ratios also has been presented. This study can improve the
understanding of the carbonaceous aerosol sources in Baltic region.

2. Methods
2.1. Measurement Sites Description

The continuous measurements of the mass concentrations of BC and OC were performed at three
different sites in different seasons (Figure 1). The study sites were selected in different geographical
positions in order to have a wide range of the levels of BC and OC in Lithuania. Ambient levels of BC
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and OC were studied at a Preila (March—April 2014), Ragsteliskis (November 2013, May 2014) and
Vilnius (December 2013, October 2014). The main difference between the sites is the amount of seasonal
fluctuation in BC and OC levels observed each year. Environmental pollution research site Preila
(55°55'N, 21°00’E, 5 m above the sea level (a.s.l.)) is located in the coastal/marine environment on the
Curonian Spit, between Curonian Lagoon and the Baltic Sea. A road along the spit connects summer
resorts and fishing villages. At Curonian Spit’s north end, lagoon is connected to the Baltic Sea by the
Lithuanian port of Klaipéda-the nearest industrial city at a distance of about 40 km to the north from
Preila. The other major city Kaliningrad (Russia) is about 90 km to the south. Preila site is characterized
as a regionally representative background area characterized by tender winter, middling summer and
rapidly changing meteorological conditions. RiigsteliSkis integrated monitoring site (55°46'N, 26°00'E,
160 m above Sea level, rural forested environment) is located at a distance of about 313 km east from
Preila-in Aukstaitija. This site is located in the north-eastern part of Lithuania, in remote forested (forests
cover 70% of park’s area, mostly 60 years old in average pine (Pinus sylvestris) stands and sparsely
populated area with vegetation varied from steppe to tundra species. The measurements were taken at
1.5 m above the ground level. The climate can be described as middling cold with higher humidity and
considerable rainfall. The nearest major city Utena is about 27 km to the south from Riigsteliskis.

Preila
(coastal/marine)

Rigsteliskis
(rural)

g’rei*a Riigsteliskis

-

Vilnius |

G,

Vilnius
(urban)

Figure 1. Map of Lithuania and the sampling locations.

Vilnius sampling site (54°64'N, 25°18'E, 112 m above Sea level is located at the center for physical
science and technology campus. The continuous BC and OC measurements were taken about 20 m above
the ground level, 12 km southwest of city center area. Vilnius is the largest city and the capital of
Lithuania, with a population of 0.5 million. The main local anthropogenic particle source is traffic and
heating-generated pollution during cold season (October—April). The location can be described as an
urban background. Pollution emitted from the city can be easily transported to the site with the prevailing
northeast wind. Vilnius is at a distance of about 280 km south-east from Preila and 105 km south
from Rugsteliskis.

2.2. Instrumentation

The Magee Scientific Company aethalometer (Model AE31 Spectrum manufactured by Aerosol d.o.o.,
Slovenia) was deployed at the Preila, Rugsteliskis and Vilnius sites for the real-time measurements of
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BC mass concentration. The sampling aerosol flow of aethalometer of 4 1/min passed through impactor
of PM2s5 and vertical 2.5 m long stainless steel tube (10 mm inner diameter). Measured light attenuation
was converted to BC mass. The optical transmission of carbonaceous aerosol particles was measured
sequentially at seven wavelengths 4 (0.37, 0.45, 0.52, 0.59, 0.66, 0.88 and 0.95 pm). At 0.88 pm
wavelength, BC is the principal absorber of light and other aerosol components have a minor influence
for absorption. Because of this characteristic 0.88 um wavelength was considered as representing channel
of BC measurements in the atmosphere. BC aerosol mass concentration was measured with 5 min
resolution. An empirical algorithm for loading effects compensation was used [28,29].

The chemical composition of non-refractory submicron particulate matter was measured using the
Aerosol Chemical Speciation Monitor (ACSM) (Aerodyne Research, Inc., Billerica, MA, USA). Before
reaching the instrument, the sampling aerosol flow of 1.6 Ipm passed through a PM10 impactor-inlet
(self-design), a 2.5 m vertical stainless steel sampling tube (6 mm inner diameter) and a Nafion dryer
(MD-110-48S-4, Perma Pure LLC, Toms River, NJ, USA). The impactor removed coarse particles, while
a flowrate of 1.6 I/min minimized the particle transport losses in the particle size range from 30 nm to 1 pm
and the dryer set the relative humidity lower than 50%. Particle losses in the line were estimated to be
lower than 2%. Reaching ACSM, the submicron aerosol particles were focused into a resistively heated
surface at 600 °C, where the non-refractory PMi components were flash vaporized. The resulting gases
were subsequently detected and chemically characterized with 70 eV electron impact quadrupole mass
spectrometry. The instrument was operated with a time resolution of 30 min for typical aerosol loadings
(several pug-m™>) with a scan rate of mass spectrometer at 220 ms-amu ' from m/z 10 to 140
(approximately 31.9 s per scan and 1.126 s pause, 56 scans and data interval 29 min 48 s). The mass
concentrations and mass spectra were processed using ACSM standard data analysis software (v 1.5.3.0)
and DAQ 1.4.4.4. Under ambient conditions, the mass concentration of organic matter (OM), sulphates
(SO?74), nitrates (NO ), ammonium (NH'4) and chlorides (Cl") were measured with a detection limit
<0.2 ug'm>. The instrument was periodically main tenanced and calibrated using ammonium sulphate
and ammonium nitrate. Experimentally determined calibration parameters were response factor RFNO3
and relative ionization efficiencies RIENH4, RIESO4. The relative ionization efficiencies RIEOrg = 1.4,
RIEChI = 1.3 were set as the default. A collection efficiency (CE) was calculated from the measurement
data using collection efficiency calculation algorithm suggested by Middlebrook et al. [28]. The instrument
was calibrated using ammonium sulphate and ammonium nitrate. A collection efficiency (CE) was
calculated using collection efficiency calculation algorithm suggested by Middlebrook et al. [28]. The
average values of CE in Preila, RugsteliSkis and Vilnius during cold period were 0.87, 0.74 and 0.70,
respectively. While during warm period the average values of CE were 0.84, 0.88 and 0.50, respectively.
The OC concentration was calculated from ratio of organic-mass-to-organic-carbon convert was done
by Russel taken mean value of 1.4 which is typically taken to be 1.4 [30]. Thus, both BC and EC are
generated from anthropogenic sources and was used to describe aspects of ambient particulate matter.
In order to systematize ratio of carbonaceous aerosol concentrations, the comparison with other sites
were made. The estimations of OC/BC and OC/EC ratios were made to compare values of parameter a. In
this study, parameter a was determined by coefficient of linear fitting curve. To simplify the analysis,
parameter a can be also evaluated by,
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where OC/BC represents averaged ratio of carbonaceous aerosols concentrations for investigation period.
The sampling time in all stations was considered in a way to represent both warm and cold periods.

2.3. Air Mass Backward Trajectories

The air mass backward trajectory analysis provides knowledge about long-range transport patterns [30].
The aerosol characteristics with respect to air masses advection to estimate the transfer of aerosol
particles between stations were analyzed. The trajectories were calculated for the days when air masses
clearly pass through whole country territory from Baltic Sea towards continent. However, it is not
possible to quantitatively separate the increment of transported aerosol concentration from that locally
emitted. Therefore, studies in marine, rural and urban background area will be required to quantify the
extent of transported material during the study periods. Additionally, 72-hour backward trajectories were
computed using the HYbrid Single-Particle Lagrangian Integrated Trajectory (HY SPLIT) model [31]
with the Global Data Assimilation System (GDAS) meteorological databases at the NOAA Air
Resources Laboratory’s web server (http://ready.arl.noaa.gov/HYSPLIT traj.php) for each measurement
site with starting height of 500 m above sea level.

3. Results and Discussion
3.1. Seasonal and Diurnal Variations

Statistics of BC and OC concentrations measured from May 2013 to October 2014 in the coastal/marine,
rural and urban background environments are summarized in Table 1. BC and OC concentrations show
large variations with means (+standard deviation) of 0.98 (+0.81) and 4.86 (+4.31) pg-m >, respectively,
for the entire observation period. For analysis the annual data of BC and OC mass concentrations were
divided into cold and warm periods. The hourly mean data show that atmospheric BC loading was higher
during cold periods in all three environments. The highest hourly BC aerosol mass concentration in
Vilnius reached 17.23 pg'm* during cold period, while the mean BC concentration was found to be
2.34 pg-m, which is about a factor of three higher than mean values in Preila and Riigsteliskis sites
(0.84 and 0.77 pg-m>, respectively) (Table 1). The lowest hourly BC aerosol mass concentration of
0.02 pg-m > was observed in Preila during both warm and cold periods. Meanwhile, the mean BC aerosol
mass concentration in Riigsteliskis was lower by a factor of two during warm period (0.40 pg-m™>)
compared to cold period (0.77 ug-m~>). The highest mean BC mass aerosol concentration during warm
period was observed in Vilnius (1.72 pg-m™>), which is about a factor of 4.3 and 3.2 higher than those
measured in Riigsteliskis (0.40 pg-m™>) and Preila (0.53 pg-m™), respectively. As can be seen, the
differences in ambient BC levels may be caused by different sampling location and season as well as
different emission sources. It was concluded that annual mean BC aerosol mass concentrations in Vilnius
were significantly higher than those measured at coastal/marine and rural environments as domestic
biofuel use, transportation and industry sectors are important emission sources in Vilnius [26].
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Table 1. The concentrations (ng-m>) of black carbon (BC) and organic carbon (OC) during
warm and cold periods at the rural (Rugsteliskis), coastal/marine (Preila) and background
urban (Vilnius) environments.

Location Rugsteliskis Preila Vilnius
BC oC BC ocC BC oC
Period warm cold warm cold warm cold warm cold warm cold warm cold

mean 040 0.77 456 345 053 084 411 301 172 234 591 8.60
st. deviation 0.35 0.52 398 228 043 122 386 256 122 215 199 7.04

min 0.07 0.03 0.18 006 0.02 0.02 002 0.01 021 006 078 0.15
max 379 3.05 2679 17.28 223 13.60 21.71 52.72 6.84 1723 17.78 7544
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Figure 2. Mean diurnal variation of OC and BC mass concentrations during (a) cold and
(b) warm periods in the rural (Riigsteliskis), coastal/marine (Preila) and urban background
(Vilnius) environments.

The mean OC concentrations have distinct seasonal variations with the highest values observed
(8.60 + 7.04 pg-m™>) in urban background and lowest mean concentration (3.01 + 2.56 pg-m™) in
coastal/marine environment in cold period. The minimum OC concentrations moderately varied between
0.01 ug'm> and 0.78 pug-m>, while the maximum values during cold period (75.44 pg-m™>) were more
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than four times higher of those in warm period (17.78 pg-m™>) in urban background environment [32].
In rural area contrary situation was observed. The mean OC values measured during the warm period in
Preila (4.11 pug-m™>) and Riigsteliskis (4.56 pg-m~>) was higher compared to the cold period (3.01 and
3.45 pg-m >, respectively).

The mean diurnal BC and OC mass concentrations are shown in Figure 2. On a daily basis, there was
a gradual increase in BC mass concentrations starting from 05:00 a.m., and the morning peak typically
occurred at 08:00 a.m. during cold season (Figure 2a), while the BC mass concentrations were found to
be the smallest during day (10:00 a.m.—19:00 p.m.) in the warm season (Figure 2b) in the urban
environment due to stronger turbulent mixing and increased mixing layer height resulting in a dilution
of BC mass concentrations [18]. Meanwhile, the OC concentration in Vilnius raised at nighttime that
could be explained by domestic heating. The surface inversion after sunset resulted in the accumulation
of BC and OC emissions, causing higher BC level in the late evening.

The evening sharp peak of BC and OC values observed between 20:00 p.m. and 20:00 a.m. in
coastal/marine site resulting from biomass burning for heating during cold season (Figure 2a). BC and
OC concentrations in Preila and Riigsteliskis sites had no significant daytime peaks during both cold and
warm periods. The BC concentrations during the warm period in rural and marine environments stayed
unchanged (Figure 2b).

3.2. Case Studies: Impact of Long-Range Transport

In order to investigate the contribution of long-range transport and local sources to the BC
concentrations, the additional air mass backward trajectory analysis was performed. Air mass backward
trajectories were used to estimate spatial variation and transfer of BC and OC concentrations between
investigation sites. Days in which same air masses advected between two sampling sites were chosen as
event days. In our study, two of the most representative types of the BC and OC concentrations transfer
events between investigation sites in terms of their behavior were investigated. During both of the events,
advection of clean air masses, which were transported through the Baltic Sea to the Preila site, were
observed. The time shift of air mass passing between two sites was calculated from data of the air mass
backward trajectory.

During the first event, the air masses were advected in six hours from Preila towards Vilnius from 20
to 24 of March 2014 (Figure 3a). In 93% of the event duration, the concentration in Vilnius was higher
than in Preila with correlation coefficient of 0.4. The increases of BC concentration in Vilnius were
observed during daytime. Meanwhile, concentrations of BC during the nighttime were comparable with
concentrations in Preila. The distinction of BC concentrations in Vilnius and Preila has ranged between
—0.3 and 4.6 pg-m3 (Figure 3), which could be explained by the significant influence of local sources
in the urban environment.

The air mass advected from Preila toward Rugsteliskis on 13—17 November 2013. The passing time
between sites was the same as at the first event, thus the data of BC in Riigsteliskis was also shifted
backward for six hours (Figure 3b). The value of correlation coefficient was 0.7. In 58% of event duration
the concentration of BC in RiigsteliSkis was higher than in Preila. The distinction of BC concentrations
ranged from —0.7 and 1.3 ug-m>with mean BC concentrations distinction of 0.1 pg'm>.This leads to
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the conclusion that between these two sites there is no significant BC emission sources. That means that

the main contributing source for BC concentration in rural environments is long-range transport.
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Figure 3. Air mass backward trajectories on (a) 22 March 2014 and (b) 15 November 2013.
Time series of black carbon mass concentration in Vilnius and Preila during (¢) 20-24 March
2014 and in Riigsteliskis and Preila during (d) 13—17 November 2013.

3.3. Correlation between OC and BC

The relation of BC to OC showed a moderate positive correlation during cold (» = 0.65) and
warm (» = 0.43) periods in Vilnius, suggesting that there were several sources with different OC/BC
ratios that varied in time. Meanwhile, moderate correlation in rural environment indicates other sources, i.e.,
biogenic OC. Clearly higher correlation coefficients were detected at the marine environment during
cold (»=0.93) and warm (» = 0.85) periods. Moderate statistical linear relationship in rural environment
were found to be » = 0.63 and » = 0.43 during cold and warm periods, respectively. This tendency is
likely due to the significant influence of air mass long-range transport and domestic biomass burning to
both OC and BC mass concentrations. The scatter plots of OC and BC distribution for three sites are
given in Figure 4.
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Figure 4. Scatter plots of OC versus BC and OC/BC versus BC in (a,d) coastal/marine
(Preila), (b,e) rural (Rugsteliskis) and (¢,f) urban background (Vilnius) environments during
cold (blue) and warm (red) periods.

The angle a of OC vs. BC fitting curve in Preila were found to be o = 81° and a = 79° during cold
and warm periods, respectively. This insensitivity to seasonal variations indicates strong influence of air
mass long-range transport and no noticeable local source. Similar angle (o = 77°) was observed in
Riigsteliskis during the cold period. This alteration of OC/BC ratio in Rugsteliskis could be determined
by strong influence of the secondary organic carbon provides a significant contribution to the total OC
during the warm period. In contrast to Riigsteliskis, the ratio of OC/BC in Vilnius had the opposite
seasonal trend, when the estimated o was significantly higher during cold period (a = 73° and a = 53°,
respectively). Urban environment has significant local sources of both organic and black carbon during
the cold period; consequently, the value of o in Vilnius is lower than values of a observed in Preila and
Riigsteliskis during cold period. A scatter plot of OC/BC versus BC (Figure 4d—f) categorized according
to season (Figure 4d—f) shows good separation of data for the highest and lowest BC values. A scatter
plot shows that high ratios are clustered at BC concentrations <1 pg'm>.Coastal/marine data analysis
show similar features with other European studies: extremely high ratios (up to ~30) for BC < 1 ug-m>
at “background” locations in Italy, Hungary, and Sweden [33]. Seasonally, the lower OC/BC ratio in
cold period was owing to biomass burning for heating (Figure 4d—f).

The high values of OC/BC ratio in forested area (Riugsteliskis) suggest that OC emissions may be
derived from biogenic sources, for which the OC/BC ratios are known to be high. The higher OC mass
concentration and weak correlation of OC with BC (» = 0.43) suggest that gas to particle conversion
produces substantial amounts of secondary OC in the warmer months. The values of a has been
compared with values of parameter a from different sites (Table 2).
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Table 2. Values of parameter a at the various sampling sites in Europe.

Calculated a in this

. . OC/BC (or OC/EC) study
Station type Site Warm Cold Wam Cold Reference
period period period period
Vilnius 1.3 33 53¢ 73° (This study)
Birmingham 2.1 65° [3]
Urban Helsinki 1.7 * 2.2 % 59° 66° [32]
Lisbon 3.1 72° [3]
Oporto 2.0 63° [3]
Rigsteliskis 9.5 4.3 84° 77° (This study)
Rural Hyytidla 9.1 * 52 % 84° 79° [32]
Lamas de Olo 11.8 85° [3]
Preila 6.3 5.1 81° 79° (This study)
Coastal/marine Aredo 7.3 4.0 82° 76° [34]
Mace Head 10.8 85° [34]

Note: * Recalculated from EC.

As expected, the ratio of OC/BC was highest in rural and coastal/marine sites. The carbonaceous
aerosol shows a relative enrichment in OC during warm period in these sites (a = 84°-85°). Meanwhile,
ratio of carbonaceous aerosol concentrations in urban sites was lower. The most similar to value of
parameter o in Vilnius during warm period was measured in Helsinki (53° and 59°, respectively). In
addition, these sites are similar in regards of seasonal behavior [35]. OC/BC ratio in Europe has a mean
of 2.69 + 0.91 for urban locations, increasing to values as high as 25 for background locations in
Hungary, Italy, and Sweden, where BC concentrations are lower.

20

Urban background
(cold period)

15+

Urban background
104

ocC, pg m*

BC, ng m*

Figure 5. Alteration of parameter o value for different sources.

In order to generalize spatial and temporal variability of a, the additional calculations were performed.
The analysis of BC and OC concentrations in Preila during both periods and in Rugsteliskis during the
cold period showed no significant influence of local sources. This leads to the assumption that averaged
value of parameter a = 80° shows the influence of air mass long-range transport (Figure 5). Thus, this
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value of o was chosen as the baseline. It should be noted that a = 90° resembles BC concentration equal
to zero and it indicates that carbonaceous aerosol originate from exclusively biogenic sources.
Additionally, o = 0° indicate exclusively anthropogenic sources of carbonaceous aerosol.

The rural environment was clearly distinguished because it is mainly influenced by the biogenic
emissions and long-range transport without local anthropogenic sources. On the other hand, the value of
parameter a is not equal to 90°. This leads to the conclusion that the alteration of parameter a value in
rural environments during the warm period was determined by biogenic sources, which increased the
value of parameter a by 4° in addition to long-range transport value.

Local traffic is one of the most important parameters influencing the BC concentration in urban
environments [16]. The decrease of the OC/BC ratio in urban environments during the warm period is a
consequence of the vehicle traffic activity and other anthropogenic sources. For this reason, the highest
o value alterations from the baseline were observed in Vilnius during the warm period. Low values of
OC/BC ratio are systematically associated with highest BC concentration [35]. During the cold period,
BC and OC concentrations were affected by several local sources (vehicle traffic, domestic heating,
industrial activities and other). The aerosols generated by domestic biomass burning consist mainly of
OC, and smaller amounts of BC [36]. Thus, domestic heating increased both OC and BC concentrations,
even though the strong influence of domestic heating in Vilnius during the cold period leads to higher
OC/BC ratios than in the warm period.

4. Conclusions

The OC and BC concentrations were determined for urban, rural and costal/marine environments
during the warm and cold periods. The highest hourly BC aerosol mass concentration in urban
background environments reached 17.23 pg'm~ during the cold period, while the mean BC
concentration was found to be 2.34 pug-m™>, which is about a factor of three higher than mean values in
coastal/marine and rural sites (0.84 and 0.77 pg-m™, respectively). It was estimated that the mean OC
concentrations have distinct seasonal variations with the highest values observed (8.60 + 7.04 pg'm>)
in urban backgrounds and lowest mean concentration (3.01 + 2.56 ug-m™>) in coastal/marine environment
in the cold period. The minimum OC concentrations varied between 0.01 ug'm > and 0.78 ug-m>, while
the maximum values during the cold period (75.44 ug-m>) were more than four times higher of those
in the warm period (17.78 pg-m™>) in urban background environments. In contrast, the mean OC values
measured during the warm period in coastal/marine (4.11 pug-m™) and rural (4.56 pg'm~) environments
was higher compared to the cold period (3.01 and 3.45 pg-m, respectively). Strong influence of local
sources of BC in urban environments and long-range transport in rural environments was observed. The
carbonaceous aerosol shows a relative enrichment in OC during the warm period in coastal/marine and
rural sites (o = 84°-85°). The high values of OC/BC ratio in forested (rural) areas suggest that OC
emissions could be derived from biogenic sources. The decrease of the OC/BC ratio in urban environment
during the warm period was caused by the vehicle traffic activity and other anthropogenic sources.
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