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Abstract: Due to negative effects on human health and visibility, atmospheric particulate matter
(PM) is a prioritized contaminant for urban air pollution management. Over the past few decades,
managing emissions have been a top priority. This paper investigated PM national inventory data
and mass concentration trends for Lithuania. This analysis considers primary (sum of filterable and
condensable) PM; 5 and PM; emissions from point, mobile on-road and off-road, industry, agricul-
ture, and waste sectors. In this study, by examining both the emissions and the mass concentrations
of PMjy, the effects of emissions decreasing with a concentration decrease were revealed. The slower
decreasing tendency of PM;y and BC (0.03 Gg/year) than that of PM; 5 (0.1 Gg/year) should be noted.
Furthermore, the correlation analysis also finds that the increase in PM;( from stationary and mobile
combustion sources is closely related to the increase in the contribution to the pollution level.

Keywords: particulate matter; black carbon; emissions; trend

1. Introduction

Air pollution, particularly particulate matter pollution, is a significant issue in Eu-
rope [1]. Based on the aerodynamic diameter, PM is further classified into a coarse particle
(PMjp) and fine particle (PMjy5) [2]. Aerosol black carbon (BC) is a component of fine
particulate matter and is the most important type of light-absorbing aerosol that contributes
substantially to a positive radiative forcing on the global climate [3]. The emission rates,
size, and composition of primary PM emissions are challenging to determine since they
depend not only on the sector considered but also on the fuel properties, technology, and
other characteristics of the emission process [4].

The worst air pollution is usually found in big cities [5]. Even though the proportion of
the EU urban population exposed to concentrations above the 2021 WHO annual guideline
value for PMjy decreased from 97% in 2000 to 71% in 2020 (WHO, 2022), the level of
concentrations remained high, and EU air quality standards for PM; (the EU Limit Value
is 50 pg/m?) need to be aligned more closely with WHO recommendations [1,5]. At the
European level, fine carbonaceous particles are typically the predominant components of
primary PMj; 5 emissions [4]. The most prominent sources of PM and BC are residential
biomass combustion and diesel vehicle engines, respectively [6]. In urban locations, diesel
engine vehicles have received special attention due to their significant contribution (90%) to
BC emissions [7]. There have been several regulations and mitigation policies put in place,
ranging from stricter vehicle emission testing standards, such as the EURO 6 European
Emission Standards (Commission Regulation (EU) 2016/646 2016), and programs to reduce
the use of diesel cars in cities, such as low emission zones [8-10], to the complete phase-out
of fossil fuel vehicles in the next 5-10 years [11].

As a result of enacted EU regulations that mostly focus on road transportation and
big point sources, European PM Emissions are falling [10,12]. However, due to a lack of
regulations, emissions from residential solid fuel appliances have been rising; this trend is
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expected to reverse itself with the eco-design directive [13]. Transportation in the European
Union (EU-28) produced approximately 141,900 metric tons of PM; 5 and 213,200 metric
tons of PMj emissions in 2019. Of this total, road transportation accounted for more than
80 percent, at 114,900 metric tons of PM; 5 and 400 metric tons of PMjg. Since 2000, annual
PMj; 5 and PM;( emissions from transportation have been reduced by more than 55% and
40%. A total of 50,270 metric tons of black carbon were released by transportation in the
European Union in 2019. About 90% of this total was due to road transportation [14,15]. In
the EU, transportation was responsible for about 45% of black carbon emissions in 2000,
but by 2019, this percentage had decreased to 30%. EU-28 emissions of PM and BC have
also dropped substantially since 2000. Emission data for 2000-2019 indicate that PM; 5
and PM;( emissions fell by 36% and 32%, respectively. BC emissions also dropped by 48%
during the same period [16].

According to the National Emission Ceilings Directive’s commitments, the emissions
of many pollutants decreased significantly in the EU-27 Member States between 2005 and
2019: sulfur oxide (SOx) emissions decreased by 76%, nitrogen oxides (NOx) decreased
by 42%, non-methane volatile organic compounds (NMVOCs) decreased by 29%, and
particulate matter (PM;5) emissions also decreased by 29% [17]. When the seven most
populous EU nations—France, Germany, Italy, the Netherlands, Poland, Romania, and
Spain—are taken into account, Italy shows the second-best mean emissive improvement
(—39%) after France (—44%); Germany and Poland, on the other hand, achieved much
lower reductions (respectively, —26% and —27%). Even with the EU’s efforts to reduce
emissions, only four European countries—Finland, Iceland, Estonia, and Ireland—had fine
particulate matter (PM; 5) concentrations below the World Health Organization’s (WHO)
stricter guideline values in 2018. Croatia, Bulgaria, Czech Republic, Poland, Italy, and
Romania continued to exceed the EU’s fine particulate matter (PM; 5) limit values from
the EU Air Quality Directives 2008/50/EC and 2004/107/EC in 2018 [18]. At 45 of the
European Environment Agency’s (EEA) air quality urban and regional background stations,
daily mean EU-limit values for PMg of 50 ug/m?> were surpassed in early October 2020. In
Norway, the daily averaged PM;( concentrations were higher than the previous maximum
concentrations at different sites [19].

In 2020-2021, Umea (Sweden) had the best air quality among European cities with
an annual mean concentration of 3.1 pg/m3 and Nowy sacz (Poland) had the worse air
quality with an annual mean concentration of 26.8 ug/ m? of PM; 5 [20]. With substantial
changes observed in 12 different European nations, the average PM; 5 concentration varied
from 3.5 pg/ m? in Stockholm to 21 ug/ m? in Paris during the period of 2013-2017. For
most pollutants, especially fine particles (PM;5), the percentage of people exposed to
levels above EU standards has decreased since 2000. In 2020, less than 1% of the urban
population lived in zones exceeding the EU limit values for PM; 5 Cities in northern
European countries show PM; 5 concentrations and, as a result, exposure and premature
deaths when compared with cities in southern and central European countries. Significant
concentrations were seen throughout the Mediterranean region, particularly in Athens and
Istanbul (Southeast Europe). Turkey had the highest PM; 5 exposure from 2010 to 2017,
rising from 43.82 pg/m?3 in 2010 to 44.31 pg/m? in 2017. Finland had the lowest exposure
level in 2010, at 7.19 pg/m?, and it dropped to 5.86 pg/m? in 2017 [21]. Countries in the
first pattern, including Turkey and Ukraine, experienced a slow annual increase in the
mean exposure to PM; 5 pollutants. The WHO published new air quality guidelines in
2021, with generally lower levels than those in the 2005 version. The proportion of the
EU urban population exposed to concentrations above the 2021-published WHO annual
guideline value for PM;( decreased from 97% in 2000 to 71% in 2020 (Figure 1).

More than 70% of EU citizens live in urban areas, of which 96% are exposed to a
level of fine particulate matter above the latest guidelines (2022) set by the World Health
Organization [22]. In urban areas, high population densities and economic activities cause
high levels of air pollution, and such exposure is linked to adverse health effects, such as
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respiratory and heart problems as well as cancer. PMs are associated with serious health
problems (Figure 2).
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Figure 1. Urban population exposed to air pollutant concentrations above selected EU air quality
standards, EU-27.
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Figure 2. The number of premature deaths attributed to PM; 5 in 2019 was normalized by population
(Copyright holder: European Environment Agency (EEA), published 15 December 2021).
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The EU Air Quality Directives aim to protect health, vegetation, and natural ecosys-
tems by setting limits and target values for air pollutants. Under the European Green
Deal’s Zero Pollution Action Plan, the European Commission set the 2030 goal of reducing
the number of premature deaths caused by fine particulate matter (PM; 5), by at least 55%
compared with 2005 levels. In 2008, a new ‘cleaner air for Europe” directive (2008/50/EC)
was introduced. The threshold values for PM; from the 1999 directive were used, but the
stricter phase 2 thresholds were replaced by limitations for PM, 5 (Table 1).

Table 1. EU and WHO limit values for PMyy and PM; 5.

Date to Be
Protection . . Max Number of Achieved (by and
PMj Standard Objective Averaging Period Value Exceedances Maintained
Thereafter)
EU limit value human health 1 day 50 pug/ m3 35 1 January 2005
WHO limit value 1day 45 pug/m?3
EU limit value human health 1 year 40 nug/ m?3 1 January 2005
WHO limit value 1 year 15 pg/m3
Date to Be
Protection . . Max Number of Achieved (by and
PM, 5 Standard Objective Averaging Period Value Exceedances Maintained
Thereafter)
25 ug/ m3 1 January 2015
EU target human health 1 year 20 ug s 1 January 2020
The target of a 20%
Exposure in céicchelrizzfclions Between 2010 and
Reduction 2020
at urban
background.
WHO limit value 1 year 5 pg/m3
WHO limit value 1 day 15 pg/m3

This study aims to investigate long-term PMs emissions and mass concentrations in
Lithuania. This will be done by using data from sampling sites in different environments
between 2005 and 2020 and national emissions analysis.

2. Material and Methods

Although Lithuania is among the countries with the moderate air quality in Europe,
the level of ambient air pollution indicates that there are problems at the national, municipal,
and local levels (Figures S1 and S2). The Directive (2008/50/EC) states that to protect
human health and the environment as a whole, it is of particular importance to combat
pollutant emissions at the source and to identify and implement the most effective emission
reduction measures at the local and national levels. It is claimed that the prevention
or reduction of air pollutant emissions should be ensured by establishing ambient air
quality targets while taking into account relevant WHO 2021 standards, guidelines, and
programs. To properly regulate the emissions of pollutants released into ambient air and
create conditions for managing air quality, it is important to have objective information
about changes in the amount and concentration of pollutants in the atmosphere, as well as
other factors that determine air pollution.

2.1. Emissions Inventory of Local Emission Sources

The emission inventory is a necessity for planning air pollution control activities. In
1979, the European Community signed the Convention on Long-Range Transboundary
Air Pollution (CLRTAP) in Geneva. It was the first international document to address
transboundary air pollution issues. The Republic of Lithuania ratified the 1979 Geneva
Convention on Long-Range Transboundary Air Pollution in January 1994, becoming a
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party to the Convention and its protocols. The Republic of Lithuania, as a part of the United
Nations Economic Commission for Europe (UNECE), annually reports pollutant emis-
sion data under the Convention on Long-Range Transboundary Air Pollution (CLRTAP,
ECE/EB.AIR/97). The Lithuanian emission inventory is based mainly on statistics pub-
lished by the Lithuania Statistics Department (Statistical Yearbooks of Lithuania, sectoral
yearbooks on energy balance, agriculture, commodities production, etc.), emission data
collected by the Environment Protection Agency, and others. Additionally, a major part of
the NFR categories in the 2019 EMEP/EEA methodology with provided emission factors
was applied. The most frequently used approach was Tier 2.

2.2. Ambient Air Quality Data

Lithuania is the southernmost of the three Baltic States—and the largest and most
populous of them. Lithuania was the first occupied Soviet republic to declare indepen-
dence from the Soviet Union and reclaim its sovereignty on 11 March 1990. The largest
cities include Vilnius with a population of 553,000, Kaunas with a population of 298,000,
and Klaipeda with a population of 152,000. Siauliai and Panevezys are also important
commercial centers. The climate is a mix of maritime and continental, with mean daytime
temperatures ranging from —5 °C in January to 20 °C in July.

The mass concentrations of PM, 5 and PM;y were measured at 15 automated air
pollution monitoring sites by EPA in Lithuania (https://aaa.lrv.lt/), accessed on 28 October
2022 (Figure 3).
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Figure 3. Network of EPA sites representing urban background (green), industry (red), and traffic

(blue) environments. The PM;( data in EPA sites has been analyzed from 2005 to 2020.
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3. Results
3.1. Description and Interpretation of Emission Trends

The total national emissions expressed in Gg from the year 2005 to 2020 are depicted
in Figure 4. Figure 4 shows that there was a slight downward trend in emissions during
the 2005-2020 period. The evolution of emissions remained relatively unchanged. The total
PM; 5, PMyg, and BC emissions amounted to 6.51 Gg, 17.75 Gg, and 1.90 Gg, respectively,
in 2020. In 2020, PM; 5, PMjg, and BC decreased by 1.26, 1.06, and 1.27%, respectively,
compared to the base year (2005). The highest emissions of PM;y, PM; 5, and BC were
found to be 19.49, 8.53, and 2.53 Gg in the years 2015, 2006, and 2008, respectively. The
year 2009 relates to a sharp drop in emissions as a consequence of the global financial and
economic crisis and a reduced industrial activity. The lowest emissions of PM;q (17.75 Gg),
PM, 5 (6.51 Gg), and BC (1.90 Gg) in the previous 15 years were calculated in the year
2020. The PM; 5 emissions decreased much faster (0.10 Gg/year) than PM;q (0.03 Gg/year)
and BC (0.03 Gg/year). This could be related to the fact that BC is found in the PM;
fraction. Moreover, PMj; 5 is formed not only from anthropogenic emissions but also from
the secondary formation.
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Figure 4. PMs’ national emissions for Lithuania in 2005-2020.

During the period of 2005-2020, the emissions of PM, 5 decreased by about 17.2%
from 8.21 kt in 2005 to 6.51 kt in 2020, conditioned by a decline in energy production
due mainly to a substantial reduction in liquid fuel consumption. In 2020, in Lithuania,
national PM; 5 emissions amounted to 6.51 Gg, 7.6% less than in 2019 and 20.7% less than
in 2005. The largest part of PM emissions was produced in the energy sector (including
transport)—PM, 5 was 73%—with the exception of PMjj at 30.1%, and BC emissions were
1.11%; on the other hand, the PM; 5 emissions produced in Industrial Processes and Product
Use (IPPU) were 15.7%, and the PM;; emissions were 7.7% of the total emissions in 2020,
which is connected with intensive combustion of wood, especially in the residential sector
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(NFR 1.A.4.b) (Figure 5). Meanwhile, from 2018-2019, PM, 5 and PM;( emissions were
reduced by 1.9% and 2.2% and BC was reduced by 4.4% in EU28.

PM,,

Energy
Stationary and mobile
combustion in agriculture

Stationary combustion in the
residential

Stationary and mobile 2005-2010

combustion in industries

Petroleum refining and
distribution

Public electricity and heat
production

Commercial/Institutional;
mobile

Commercial/Institutional;
Stationary

Transport 2011-2015

Road transport
Other Transport
Industry
Agriculture

Waste

Other

2016-2020

Figure 5. PMs’ national emissions for Lithuania from different sectors 2005-2020.

3.2. Description and Interpretation of Emission Trends by Sector

Emissions from the energy sector, which is the largest contributor (61.33%) to PM, 5
emissions from 2005-2020, showed a slight decrease (0.7%) from 2010-2015 and (1.8%)
from 2016-2020. The highest emissions share (42.33%) from the energy sector is coming
from stationary combustion in the residential sector during 2005-2020. The transport and
industry sectors showed a similar trend, contributing 16% and 11% to the total PM; 5
emissions, respectively, during 2005-2020, and not showing any significant difference.
Meanwhile, from 2005 to 2020, PM;j( emissions were dominated by the industrial sector,
which contributed 37.67%, followed by the energy sector (27.67%). Only a 1% drop was
witnessed in the industrial sector emissions in 2016-2020, while in the energy sector the
PM; emissions trend declined by 3% from 2005-2010 and by 5% from 2011-2016. A total of
8% of PMj( emissions are coming from transport sectors. BC emissions from the commer-
cial/institutional and mobile sector dropped substantially by 18% from 2011-2015 and 7%
from 2016-2020, while no significant change was observed for the commercial/institutional
and stationary sector (Figure 5).

A higher trend of an 11% increase for BC emissions can be seen in the public electricity
and heat production sector, while a 13% drop was observed in the petrol refining and
distribution sector from 2016-2020. In other sectors, a 16% increase was reported from
2016-2020. The yearly trends of emissions by sectors are presented in Tables 2 and 3,
showing PM; 5 and PM;g emission trends by sectors.

3.3. Changes in Concentrations over Time

Mobile and stationary sources of air emissions are the most important factors that
determine ambient air quality. The PM;g and PM; 5 presented by emission source in
Figure 5 and Tables 1 and 2 are also available for the sampling sites (Figure 6); only PM; 5
is available for one site for the period of 2005-2020.
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Table 2. Trend% in PM, 5 emissions.

Share from National Total, %
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

PM, 5 Activity Sector

Public electricity

and heat 5.9 5.7 5.7 5.1 6.1 6.0 5.3 6.6 6.2 7.7 101 102 112 104 9.8 10.2
production
Petroleum
refining and 4.7 45 3.9 5.5 4.1 3.6 2.3 2.7 2.1 1.7 2.7 2.6 2.0 1.9 1.3 0.7
distribution

Stationary and
mobile

combustion in 38 37 37 31 26 28 31 33 29 30 29 31 32 31 32 37

Energy manufacturing
sector industries and
construction
Stationary

combustion in 417 42,6 418 435 46,6 469 468 461 456 431 40.1 40.7 408 405 40.0 397
the residential

Stationary and

mobile
combustion in 4.4 4.9 4.3 3.8 4.3 42 4.8 4.1 4.1 4.0 34 3.6 3.5 3.6 3.4 3.1
agriculture,
services and etc.
Sum 60.5 614 593 610 638 635 622 627 609 595 591 602 60.7 595 578 573

Road transport 146 143 168 162 138 143 143 139 151 165 166 164 155 149 158 147
Transport  Other transport 1.1 1.0 1.1 1.1 0.9 1.0 1.0 0.9 0.8 0.9 0.9 0.9 0.9 1.0 1.0 1.0

sector Sum 15.7 154 178 173 147 153 153 148 159 175 174 173 164 159 16.8 15.7
Industry 128 127 122 113 101 99 110 109 116 106 114 102 96 108 10.8 115
Agriculture 4.4 4.2 4.2 4.1 4.6 4.5 4.7 4.8 4.8 5.2 5.3 5.5 5.3 5.2 5.7 6.2
Waste 5.7 5.7 5.4 5.2 5.6 5.5 5.4 5.5 5.3 5.8 5.4 5.4 6.1 6.7 6.7 6.9
Other 0.8 0.8 1.0 1.1 1.3 1.3 1.5 1.4 1.3 1.5 1.3 1.5 1.9 1.9 2.3 24
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

It is known that emissions are concentrated in the urban environment, so the an-
nual mass concentration trend was analyzed for the biggest cities and industrial centers
(Figures 7-9). Monthly mean PM time series at eight locations in the biggest cities were
decomposed in trend. The equation shown in the figure depicts the linear regression slope
with 95% CI, and the same has been shown in Figures 7-9 and Table 4. As can be seen
from Figure 7, all the biggest cities show a slight decline in PMj trend ranging from 0.38 to
0.74 ug/m3 per year, except for Klaipéda Silutes pl., where an increase of 0.53 pg/m?3 per
year was found (—0.3%/year). For PM; 5, a positive trend was calculated, except for the
Kaunas Noreikigkés (—0.50 g/m?3, 3.1% per year) and Petragitinai (—0.6 pg/m?3, 2.7% per
year) sites. This coincides with the PMjg trend in both sites.

The lowest decline in the trend of 0.06 ng/m?3 per year (+14% from 2005; 0.9%/ year)
was found in the capital, at the urban background site (Vilnius Lazdynai), whereas in
Vilnius Savanoriu pr. the declining trend was of 0.58 pg/m? per year (-57% from 2005;
-3.8%/year), which was the highest in terms of the concentration and percentage decline.
The EU’s air quality directives (2008/50/EC) and WHO Air Quality Guidelines (updated
in 2021) set key air pollutant concentration thresholds and national ambient air quality
standards that should not be exceeded in a given period. The limiting values have been
defined over daily and annual scales. The limit values for the annual mean PM; are
set at 40 pg/m3 by the EU and 15 pg/m3 by WHO. As can be seen from the plots in
Figures 8 and 9, all cities strongly exceed the WHO standards for PM; 5 and PM;y.
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Table 3. Trend% in PM;( emissions.
PMyo Activity Sector Share from National Total, %
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Public electricity
and heat 2.8 2.8 2.7 24 2.8 2.8 2.3 3.0 27 2.7 4.0 4.2 4.7 42 3.9 3.8
production
Enetrgy Petroleum
sector refining and 27 26 23 31 23 20 12 15 12 12 13 13 11 09 07 03
distribution
Stationary and
mobile
combustion in 7 18 17 13 13 13 15 14 13 12 12 13 14 13 14 14
manufacturing
industries and
construction
Stationary
combustion in the 198 207 200 207 216 223 213 212 207 207 166 174 179 171 165 157
residential
Stationary and
mobile
combustion in 2.0 2.3 2.0 1.8 2.0 2.0 2.2 1.9 1.8 1.8 1.4 1.5 1.5 1.5 1.4 1.2
agriculture,
services and etc.
Sum 291 302 287 293 300 303 285 29.0 277 277 245 257 266 250 239 224
Road transport 7.6 7.7 8.9 8.7 7.2 7.6 7.4 7.3 7.6 7.6 7.8 8.1 8.1 7.6 8.0 7.3
Tr:;ig;’“ Other transport 05 05 05 05 04 04 04 04 04 04 04 04 04 04 04 04
sum 8.1 8.2 9.4 9.2 7.6 8.1 7.8 7.7 8.0 8.0 8.2 8.5 8.5 8.0 8.4 7.7
Industry 39.7 386 388 384 371 362 381 366 372 372 394 362 354 382 365 37.6
Agriculture 200 198 199 200 222 221 224 234 240 240 251 266 260 251 27.7 287
Waste 2.6 2.6 2.5 24 2.5 2.5 2.4 2.4 2.4 24 22 2.2 2.6 2.7 2.7 2.7
Other 0.6 0.6 0.7 0.8 0.6 0.8 0.7 0.8 0.7 0.8 0.6 0.8 1.0 0.9 0.8 1.0
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
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Figure 8. Annual mean PM; 5 concentration and trends in biggest cities.
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Figure 9. Annual mean PM;, concentration and trends in Vilnius sites.

Table 4. The overall values of the annual PM;y(PM, 5) trend were observed along standard devia-

tion (SD).
3
Site Tr;r;i;z fl{;n Trend (% per Year) SD (ug/m? per Year)

Klaipéda Silutes pL 0.53 —-0.3 5.36
Siauliai —0.38 -1.1 5.57
Klaipéda Centras —0.44 —2.4 5.70
Panevézys Centras —0.74 -1.1 5.61
Vilnius Senamiestis 0.38 0 3.52
Vilnius Lazdynai —0.06 0.9 3.61

Vilnius Zirmanai 0.14 (0.43) —-1.2(1.7) 4.75 (4.43)
Vilnius Savanoriu pr. —0.58 —3.8 4.00

Traffic-related sites in Vilnius Zirmiinai and Klaipéda Silutés pl. represent the highest
annual mean when compared to the other cities, almost reaching the allowable level by
EU standards.

During the last decade (2010-2020), a limit value for PM;g of 50 pg/ m?> as a daily
average was not exceeded more than 35 times at only two sites (Vilnius Lazdynai and
Savanoriy pr.). The situation at the Vilnius Senamiestis site was also relatively good, since
there the exceedance was observed only once.

The Vilnius Zirm{inai station in (Figure 10) depicted the number of days exceeded
4 years out of 11, reaching the peak in 2014, when as many as 81 exceedances were
recorded out of 35 that were allowed. As fuel combustion is the biggest contributor to
emissions across Lithuania (Figure 5), an intercorrelation was launched to identify the
relationship. The Pearson correlation was analyzed between the annual emissions and
mass concentration observed for all sectors and sites during 2005-2020 (Figure 11).
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Figure 10. Exceedance days (for PM;g > 25 ug/ m?).

Correlation

0.82

0.52

0.21

0.092

-0.40

Q70

Figure 11. PM, 5 (left) and PMq (right) mass concentration and sector emissions correlation heat
map. Blue meant the two variables were negatively correlated, and red meant the variables were
positively correlated. The darker the color, the greater the correlation of the variables.

Major sources of primary PMjg in Lithuania are emissions from stationary and mobile
combustion. Therefore, for most of the sites in bigger cities (Vilnius Savanoriu pr.; Kaunas
Petrastinai, Noreikiskés, Dainava; Klaipéda Centers; Siauliai; Paneveézys Centers and
Jonava), a positive correlation was revealed. A surprisingly weak negative correlation was
found for road transport emissions for the majority of sites. A negative correlation of —0.65
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between the total BC emissions and PM1y mass concentration was identified for the Vilnius
(Lazdynai) site, representing the urban background environment, and a positive correlation
(0.49) was identified for the Vilnius (Zirmanai) site, representing the traffic-influenced
environment. For PM; 5, a strong correlation was found for road transport (where fine
particles prevail) and stationary combustion sectors as well. It is worth mentioning that
stationary combustion in residential sector emissions is correlated to concentrations in the
Kaunas Noreikiskés (0.62) and Petrasitnai (0.82) sites, where concentration trends were
declining as opposed to other sites.

4. Conclusions

This study reports an analysis of the variabilities and trends in the PM;g concentration
measured and total emissions calculated. We find a statistically significant decreasing
trend for the majority of sites during the study period of 2005-2020. Emissions in the
stationary and mobile combustion sectors were the most important sector, affecting the
PMs mass concentration, especially in the biggest cities. The lowest negative PMjg trend of
0.06 pg/m? /year was observed for urban background sites in the capital (Vilnius), while
the largest decrease of —57% from 2005 was observed in the Vilnius Savanoriu pr. site
with a rate of 0.58 ug/ m3/ year. The smallest PM, 5 decline was observed for the Klaipéda
Siluteés pl. site (—0.08% per year). It is obvious that the concentration decline reflects a
stationary combustion sector tendency in the majority of environments. The largest sectoral
contribution of PMjy emissions comes from stationary combustion in the residential sector,
with a relatively small contribution from the road transport sector, while for PM; 5 the
contribution is slightly higher. The implementation of source sector-specific measures
related to traffic and stationary combustion emissions could be major steps toward the
mitigation of air pollution in Lithuania in order to satisfy the WHO level.
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