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ABBREVIATIONS

AAE — Absorption Angstrom exponent coefficient
ACSM — Aerosol Chemical Speciation Monitor
AE31 — Aethalometer

APS — Aerodynamic particle sizer

babs — light absorption coefficient

BBOA — Biomass burning organic aerosol

BC — Black carbon

BrC — Brown carbon

BC+rr— Transport related black carbon

BCws — Wood burning related black carbon

BCrr — Fossil fuel related black carbon

BCgs —Biomass burning related black carbon
COA — Cooking related organic aerosol

CWT - Concentration-weighted trajectory

EPA — Environmental Protection Agency

eBC — Equivalent black carbon

GAW - Global Atmosphere Watch

HYSPLIT — Hybrid Single-Particle Lagrangian Integrated Trajectory
IA — Inorganic aerosol

LOA - Local organic aerosol

m/z — Mass to charge ratio

NOs(org — Organic nitrates

NOsnorg — INOrganic nitrates

NR-PM; — Non-refractory submicron particulate matter

OA - Organic aerosol

OOA — Oxygenated organic aerosol
PM — Particulate matter

PMF — Positive matrix factorization
POA — Primary organic aerosol

PMC — Particle mass concentration
PNC — Particle number concentration

QCG - Quezon City Government

RH — Relative humidity
SOA — Secondary organic aerosol
TOF —Time of flight
WCCAP — World Calibration Centre for Aerosol Physics
WMO — World Meteorological Organization's
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INTRODUCTION

The Earth's climate system is influenced in complex ways by aerosol
particles, including organic, inorganic and carbonaceous components. Higher
concentrations of these aerosol particles have a significant impact on the
climate in rural, urban and coastal areas. These various aerosols play a crucial
role in atmospheric processes that influence weather and affect air quality. To
address uncertainties, it is crucial to comprehensively understand the chemical
composition, sources, formation, transformations, and dynamic interactions of
aerosol particles within the Earth's climate system. Recent studies in Western
and Southern Europe have comprehensively characterized aerosol sources,
especially in urban and rural areas. Despite this extensive knowledge, the
Baltic region, particularly Eastern Europe, has seen limited studies, marking a
significant gap in our understanding. The present study aims to fill this gap by
presenting a comprehensive, long-term approach focusing on the chemical
composition of organic, inorganic and carbonaceous aerosol particles in the
rural environment of boreal forests (North-Eastern part) and the urban
environment of Lithuania. This includes leveraging local studies and datasets
to provide a regional perspective that enhances our understanding of aerosol
dynamics in these areas. The objective is to enhance knowledge about
pollution seasonality, source variability, and their implications for decision-
makers. Similarly, in the Philippines, the research focuses on the critical issue
of black carbon (BC) pollution in urban and coastal areas. While previous
research has made significant progress in characterizing aerosol particles in
terms of size distribution, concentration, and spatial variability, knowledge
gaps persist, particularly in understanding BC sources other than road activity
and the impact of the Manila Port on aerosol levels. This research aims to
provide new insights into these areas, contributing to our understanding of the
complex atmospheric mechanisms that regulate aerosol composition and
distribution as well as their influence on climate change.

THE MAIN AIM AND TASKS

The objective of this study was to identify the main sources of organic,
inorganic, and carbonaceous aerosol particles and compare their properties
across rural, urban, and coastal environments.

To achieve this abjective, the following tasks were established:
e Characterization of organic, inorganic and carbonaceous aerosol
particles in rural, urban and coastal environments.
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e Source apportionment of carbonaceous aerosol particles in rural,
urban and coastal environments.

e Evaluation of the impact of meteorological conditions on
organic, inorganic and carbonaceous aerosol particles in rural,
urban and coastal environments.

NOVELTY

A key novelty of this study lies in the comparative analysis carried out in the
urban environments of Northern Europe and South Asia, which allowed
identification of a consistent relative contribution of brown carbon to
carbonaceous aerosol across geographically and climatically distinct
regions, despite differences in biomass burning sources driven by seasonal
and socioeconomic factors, i.e. domestic heating in Lithuania and
agricultural residue burning in the Philippines.

DEFENSIVE STATEMENTS

1. Organic aerosols (OA) were the dominant component across rural,
urban, and coastal environments (53 — 80%). Inorganic aerosols (SO+*, NOs~,
NH.", and CI") remained lower than OA throughout the study, indicating a
consistent dominance of organics in the composition of atmospheric aerosol
particles regardless of environmental differences.

2. Black carbon (eBC) originating from fossil fuel combustion and the
transport sector was the dominant source (contributing 80 — 90%) in rural,
urban, and coastal environments. In contrast, biomass burning accounted for
a significantly lower share (10 — 20%), confirming the larger impact of traffic
and fossil fuel sources on eBC levels across different environments.

3.In rural, urban and coastal environments, brown carbon (BrC)
accounted for only 14 — 22% of the total composition of carbonaceous aerosol.
Biomass burning is the main source of BrC and has a relatively smaller impact
on air quality comparing to other dominant of eBC, such as fossil fuel
combustion and transport emissions.

4. eBC and BrC concentrations in Northern European urban environment
is 14 — 15 times lower than in South Asian urban environments, but the relative
contribution of fossil fuel and biomass combustion sources remains similar
(4% difference) regardless of geographical location and season of the year.
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WORK RELEVANCE

Characterizing the chemical components of atmospheric submicron
aerosols in rural, urban, and coastal environments is important due to their
adverse effects on human health and their significant influence on the Earth’s
climate system. Therefore, it is crucial to deepen our understanding of aerosol
chemical composition and the pathways of their formation. The results of this
study could enhance our understanding of atmospheric chemistry at both local
and global scales. Additionally, it highlights the persistent black carbon (BC)
pollution in developing regions and calls for scientifically based strategies to
mitigate the air quality crisis.

CONTRIBUTION OF THE AUTHOR

The research presented in the original publications 1-4 is an outcome of
the author’s own ideation and discussions between the author, supervisor, and
coauthors. The author had a leading role in designing and performing the
analysis of measurement data. The separation of organic and inorganic
nitrates, determination of the Absorption Angstrém exponent, and application
of corrections and interpretations of Aethalometer measurements data were
mainly conducted by the author. For these tasks, MATLAB was utilized for
its powerful suite of tools suitable for statistical analysis and handling large
datasets, particularly useful for matrix operations and visualization. Python
was employed for its extensive libraries and frameworks tailored for data
science, including NumPy for numerical data processing, Pandas for data
manipulation, and Matplotlib and Seaborn for advanced data visualization. R
was specifically used for creating open-air plots, leveraging its strong
graphical capabilities to effectively communicate complex environmental data
patterns. This combination of tools enabled detailed and efficient analysis of
aerosol data to uncover patterns and correlations within the dataset. The source
apportionment using the PMF model (2) and the analysis of meteorological
data by the HYSPLIT model (1, 2, and 4) were performed by co-authors. The
findings presented at scientific conferences, publications and dissertation were
written by the author in collaboration with the supervisor and other co-authors.
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1 LITERATURE REVIEW
1.1 Causes of climate change in rural, urban and coastal environment

Climate change is one of mostly pressing global crises of our time and
has profound impacts on rural, urban and coastal environments, and organic,
inorganic and carbonaceous aerosol particles are one of the main players
(Kantamaneni et al., 2023). The impacts of atmospheric pollution are diverse
and include shifts in weather patterns, sea level rise, and disruption to
biodiversity and human settlements (Pathak et al., 2023; Pal et al., 2022).
Understanding how aerosols affect atmospheric processes in different
geographical locations is crucial for developing effective mitigation and
adaptation strategies. However, despite the increasing number of studies on
regional climate effects, there is still uncertainty regarding the regional
impacts of aerosols, particularly in North-Eastern Europe and Southeast Asia,
where data availability is limited. In rural regions, climate change is often
reflected in changes in agricultural productivity and water resources. Shifts in
temperature and precipitation patterns have a direct impact on crop yields,
biodiversity and the occurrence of pests and diseases (Atkinson et al., 2023).
Rural areas are highly dependent on natural resources, and disruptions to these
resources can lead to severe socio-economic consequences. Biomass burning,
fossil fuel combustion, deforestation, and livestock grazing are major
contributors to atmospheric pollution and radiative forcing in rural areas.
Biomass burning, in particular, releases large amounts of carbonaceous
aerosols, including black carbon and organic carbon, which can significantly
alter atmospheric radiation balance (Rusmayandi et al., 2023). Additionally,
long-distance transportation of air pollutants affects even remote rural areas,
contributing to atmospheric degradation. Soil degradation, largely driven by
deforestation and unsustainable agricultural practices, also reduces the soil's
ability to act as a carbon sink, further exacerbating greenhouse gas emissions.
Despite extensive research on these climate drivers, there is still limited
knowledge on the long-term impact of rural aerosols on climate dynamics and
their interaction with regional meteorology. This study seeks to address this
gap by investigating the seasonal variations of organic and carbonaceous
aerosols in rural environments and their potential influence on climate
processes. Urban areas experience the "urban heat island" effect, a prime
example of how built environments alter local climate and energy
balance (Pathak et al., 2023). This occurs when cities experience significantly
higher temperatures than nearby rural areas due to human activities and the
prevalence of surfaces that absorb and retain heat. Factors such as increased
energy use, high greenhouse gas emissions and extensive deforestation
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contribute to this warming trend. Research indicates that the thermal
characteristics of urban materials can influence local microclimates, impacting
both energy equilibrium and weather patterns within cities (Morais et al.,
2019). Urban air pollution worsens the effects of atmospheric changes and
poses health risks to the public, including heat related illnesses and respiratory
problems caused by poor air quality (Tewari et al., 2023). Pollutants such as
aerosols, nitrogen oxides, and volatile organic compounds from industrial and
transportation sources not only degrade air quality but also influence cloud
formation and weather patterns. For example, aerosols can impact the planet's
reflectivity (albedo), resulting in either cooling or warming effects depending
on their properties (Christensena et al., 2020). Although numerous studies
have been carried out on urban air pollution in highly industrialized regions,
less attention has been given to North-Eastern Europe and developing
countries in Southeast Asia, particularly regarding black carbon emissions
from traffic, industrial activities, and biomass burning. The role of black
carbon in urban warming is still debated, with uncertainties surrounding its
radiative forcing and contribution to extreme weather events. This research
seeks to improve understanding of urban black carbon emissions, their
seasonal variations, and their contribution to air quality deterioration and
climate-related impacts. Coastal areas are dealing with specific challenges
caused by environmental changes, such as the increasing sea levels, stronger
storms and saltwater intrusion into freshwater systems (Pathak et al., 2023;
Pal et al., 2022). These changes pose threats to the infrastructure, ecosystems
and communities along the coast. The increasing sea levels are linked to
melting ice caps and warmer ocean temperatures, directly impact lower lying
areas through floods and erosion (Grases et al., 2020). Furthermore,
anthropogenic emissions from ships, boats, cranes and cargo trucks have a
significant impact on coastal environments by contributing to air and water
pollution that adds pressure on these delicate ecosystems (Karl et al., 2023;
Jang et al., 2023; Schwarzkopf et al., 2022). Additionally, coastal ecosystems
like mangroves, coral reefs and salt marshes are particularly at risk due to
climate change. These ecosystems play vital roles in capturing carbon dioxide
and act as barriers against storm surges and erosion (Segaran et al., 2023;
Hulsen et al., 2023). However, their decline due to rising sea temperatures and
salinity changes reduces their ability to sustain marine biodiversity and protect
coastal communities (Réthig et al., 2023). Despite ongoing conservation
efforts, there is a lack of quantitative data on how aerosol pollution from
shipping and industrial activities affects these fragile ecosystems. This study
will investigate black carbon concentrations in coastal areas and their potential
role in modifying regional climate and air quality. Although previous studies
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have investigated the impact of aerosols on atmospheric processes, significant
uncertainties remain regarding the role of carbonaceous aerosols in climate
forcing. The extent to which black carbon contributes to warming or cooling
remains debated, particularly in coastal and urban areas where multiple
pollution sources interact. Additionally, while urban air pollution has been
extensively studied in Western cities, fewer studies focus on Eastern Europe
and Southeast Asia, where biomass burning, traffic, and ship emissions
contribute significantly to black carbon levels. Carbonaceous aerosols play a
significant role in climate forcing, making it essential to study their spatial and
seasonal variations across different environments. This study aims to address
existing knowledge gaps by providing long-term observational data on black
carbon and brown carbon in rural, urban, and coastal regions. By analysing
aerosol composition, seasonal trends, and meteorological impact, this research
will contribute to a better understanding of how aerosols impact climate and
air quality in regions that have been underrepresented in previous studies.

1.2 Atmospheric particulate matter

The emergence of aerosol science as a distinct field can be traced back to
the post-World War 1l period. This interdisciplinary science draws on the
expertise of scientists hailing from diverse research domains including
meteorology, physics, engineering, chemistry, mathematics, and more. The
collaborative efforts of these experts have laid the foundation for the evolution
of aerosol science over time. Within the sphere of atmospheric sciences, the
term 'aerosol' originates from the Greek 'aero’, meaning air, and 'solution’
(solutio, -onis), referring to suspension. It pertains to solid and/or liquid
particles suspended within an air mass, excluding clouds and precipitation
droplets (Lushnikov et al., 2010), commonly categorized as hydrometeors.
Both natural and anthropogenic sources release primary particulate matter into
the atmosphere, shaping aerosol attributes like size, density, and surface
properties (Table 1 and Table 2). This assortment of primary sources and the
diverse mechanisms of secondary aerosol formation yield particulate matter
(PM) composed of distinct origin particles with varying compositions and
granulometric distributions. The chemical composition, size, and number of
the particles can change due to different processes (Pdschl et al., 2005). Some
of these include nucleation (homogeneous and heterogeneous), coagulation,
and adsorption/desorption. Following their evolution, they can be removed out
of the atmosphere through either dry or wet deposition or through
heterogeneous chemistry (in-cloud scavenging or below-cloud scavenging).
These removal mechanisms are critical in determining the atmospheric
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lifetime of aerosols, which can range from a few hours for coarse particles to
several weeks for fine particles. Particles can vary in size, spanning from a
few nanometres to several tens of microns (Fig. 1 and Table 3). Size plays a
pivotal role in defining how aerosols behave. The majority of features related
to aerosols, along with the mechanisms that control these features and their
effects, are closely tied to the size of the particles (Seinfeld and Pandis, 2012).
The lognormal function is commonly used to characterize size distributions,
providing a suitable match for a diverse range of real-world data (Castro et al.,
2010; and Calvo et al., 2013). Aerosols' chemical, microphysical, and optical
characteristics wield influence over a range of consequences, encompassing
effects on human health, global climate, occurrence of acid rain, ecosystems
equilibrium, visual clarity, and the durability of building materials (Costa et
al., (2009); Katul et al., (2011); Schleicher et al., (2011); Yuan et al., (2011)).
Due to the diverse fields affected by particulate matter, it becomes imperative
to manage aerosol concentrations and establish thresholds, particularly to
safeguard human well-being and the broader environment. Consequently,
numerous governments worldwide have implemented maximum standards. In
the European context, the prevailing regulation 2008/50/CE introduced the
regulation of PMys fraction (particles with an aerodynamic diameter < 2.5
um), acknowledging its health implications. Despite existing regulations,
many regions, especially in developing countries, continue to experience PM
concentrations that exceed safe limits, emphasizing the need for stronger
emission controls and regional air quality assessments. Significant gaps persist
in understanding aerosol radiative effects, source attribution, and aerosol-
cloud interactions, which hinder accurate climate projections. A
comprehensive understanding of aerosols including their sources,
composition, and transport is crucial for developing effective mitigation
strategies. This study addresses these gaps by analysing carbonaceous aerosols
in diverse environments, providing insights to improve air quality
management and climate models in underrepresented regions.
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compounds, metals, etc.
<2.5um (microns)in diameter

© PM1g
Dust, pollen, mold, etc.
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Fig. 1. lllustration that puts the size of PMio and fine particulate matter, PMzs,

into perspective (Morris, 2022).

Table 1. Inorganic marker elements associated with various emission sources

or processes (Calvo et al., 2013).

Secondary aerosols
Sea salt

Crustal or geological
tracers

Technogenic tracers Steel industry

Copper metallurgy

Ceramic industries

Heavy industry (refinery, coal
mine, power stations)
Petrochemical industry

Oil burning

Coal burning

Iron and steel industries
Non-ferrous metal industries
Cement industry

Refuse incineration

Biomass burning

Firework combustion

Vehicle tailpipe

Automobile gasoline
Automobile diesel

Mechanical abrasion of tyres
Mechanical abrasion of brakes

3042', NO3', NH4+
C1, Na, Na*, CI-, Br, I, Mg and Mg?*

Elements associated with feldspars, quartz,
micas and their weathering products
(mostly clay minerals), i.e. Si, Al, K, Na,
Ca, Fe and associated trace elements such
as Ba, Sr, Rb, and Li. In addition, there will
be accessory silicates (notably zircon,
titanite and epidote), and representatives
from the minority non-silicate mineral
groups, namely carbonates, sulphates,
oxides, hydroxides and phosphates.

Cr, Ni and Mo

Cu and As

Ce, Zr and Pb

Ti, V, Cr, Co, Ni, Zn, As and Sh

Niand V

V, Ni, Mn, Fe, Cr, As, S and SO4*

Al, Sc, Se, Co, As, Ti, Th, S, Pb and Sb
Mn, Cr, Fe, Zn, W and Rb

Zn, Cu, As, Sh, Pband Al

Ca

K, Zn, Pb and Sh

Kand Br

K, Pb, Ba, Sb and Sr

Platinum group elements, Ce, Mo and Zn
Ce, La, Pt, SO42 and NO3

S, 5042' and NO3-

Zn

Ba, Cu and Sh
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Table 2. Main organic aerosol constituents and their associated sources and
formation pathways. Symbol “v" indicates confirmed associations, and “?”
indicates potential or uncertain associations (Calvo et al., 2013).
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g g m = o
Alkanes, ?
alkenes, v v v v v v
alkanals,
alkanoic acids,
diacids
Aromatics, v v v v v ? ?
PAHS
Hopanes,
steranes, v
unresolved
complex
mixture (UCM)
Photochemical
products (e.g. v v v
carbonyls,
methyl tetrols,
carboxylic
acids, organo
sulphates)
Sugars, polyols, v v v
polysaccharides
Levoglucosan v
HULIS 2 ? ?

Table 3. Size classification of some typical atmospheric particles by diameters

(Tasic et al., 2006).

Diameter Examples
Very small Paint pigments, Tobacco Smoke, Dust, Sea-Salt particles.
(0.01to 5 um)
Larger Cement dust, wind-blown soil dust, Foundry dust, Pulverized
(5 t0 100 pum) coal, Milled Flower.
Liquid Mist Fog, Smog, Mist, Raindrops.

(5t0 10,000 pum)

Of Biological Origin
(0.001 t0 0.01 pum)

Of Chemical Formation
(0.001 to 100 pm)

Viruses, Bacteria, Pollen, Spores.

Atmospheric sulphur dioxide oxidizes producing sulfuric
acid; the acid attracts Atmospheric water forming small
droplets (haze). Metal oxides form when Fuels that contain
Metals are burned.
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1.3 Chemical composition of aerosols
1.3.1  Organic aerosols

Particulate matter (PM) consists primarily of organic compounds that
were adsorbed onto particles. Airborne particles contain a diverse range of
organic chemical molecules (olefins, aldehydes, ketones, nitro-compounds,
quinones, etc.). Quinones (1,2- and 1,4-napthoquinones, 9,10-anthraquinone,
etc.) are toxicologically significant because they can produce reactive oxygen
species (ROS) by redox cycling (Ciarelli et al., 2019). According to
Marmureanu et al., (2020) soot particles retain the characteristic organic
species associated with their sources (e.g., benzoquinone, phenolic groups);
however, ageing processes such as ozone reaction can rapidly erase these
fingerprints. Heikkinen et al., (2020) investigated the possibility that the
oxidation of primary volatile organic species may also produce low-volatility
chemicals, which condense on the surfaces of primary particles. The
secondary organic aerosol (SOA) species may account for the majority of
carbonaceous PM mass in both urban and rural areas (Keskinen et al., 2020).

1.3.2 Inorganic aerosols

1.3.2.1 Nitrates

The majority of nitrogen compounds are secondary in origin, resulting
from the reactivity of both naturally occurring and man-made gaseous
precursors. The two primary nitrogen compounds found in atmospheric
particulate matter are NH," and NOs . Nitric acid is the principal by product
of atmospheric oxidation, and the principal precursor gases released by human
and natural sources are NO, NO2, N0, and NH3; (Huang et al., 2021). In cities,
traffic is the primary source of nitrogen oxides, which serve as the molecular
building blocks for nitrogen compounds (Crippa et al., 2013). According to
Seinfeld and Pandis., (2012), the primary sources of natural nitrogen
compounds include electrical discharges (NO), wildfires (NOz, NO), soil
emissions (nitrification, N;O), and biogenic emissions (NHs). In normal
conditions, the ammonia in the atmosphere combines with the gaseous nitric
acid dissolved in liquid microparticles to generate particulate ammonium
nitrate (Bauer et al., 2007). Due to the greater vapour pressure of NH; and
HNOs™ (Crippa et al., 2013), ammonium nitrate is unstable and essentially
volatilizes at temperatures over 20°C, reverting to gaseous nitric acid.

Organic nitrates can be formed by the oxidation of volatile organic
compounds (VOCs) by hydroxyl radicals in the presence of NO and sunlight
during the day and by nitrate radicals during the night (Fig. 2) (Scharr et al.,
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2016; Sobanski et al., 2017). The products of these reactions include
peroxynitrates (RO2NO») and alkyl and multifunctional nitrates (RONO,)
(Eq.1) (Retama et al., 2019). Peroxynitrates are thermally unstable and
decompose back to NOx within minutes to days at warm temperatures (Eq.2)
(Huang et al., 2020; Lee et al., (2016)).

Inorganic nitrates primarily form through distinct pathways influenced
by diurnal variations. The predominant pathways include the hydroxyl radical-
mediated oxidation of nitrogen dioxide (NO;) during the day and the
heterogeneous reactions involving dinitrogen pentoxide (N.Os) during the
night (Ayres et al., 2015); Calvo et al., 2013). Other pathways leading to the
formation of inorganic nitrate include the hydrolysis of organic nitrate,
heterogeneous reactions between N,Os and particulate chloride (C17), direct
oxidation of NO to HNO; by HO,, and the hydrogen-abstraction of
hydrocarbons by nitrate radicals (NOs) (Eq.3) (Alexander et al., 2020); Vieno
et al., 2014). The relative partitioning of inorganic nitrate depends on
temperature, aerosol chemical composition, aerosol abundance, and aerosol
liquid water content. It divides into the gas HNOj3(g and particle (NOs3) phases.
The formation of inorganic nitrate, occurring as both HNOs(g) and particulate
NO3, serves as the predominant sink for NOx globally. High-resolution
aerosol mass spectrometry facilitates the calculation of inorganic nitrates (Yan
et al., 2019).

\ HO*/0, /NO,*

ROONO,

peroxynitrate

Z

P &
— >
@ NO/RO,*/NO, @

alkoxy radical organic nitrate

o s 1H02.
©© O D

carbonyl alcohol hydroperoxide

Fig. 2. A simple non-photochemical oxidation mechanism for a typical volatile
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organic compound (VOC) (Pillar et al., 2018).

NO; + BVOC RONO, + Other products Q)
NO; + 03 — NO; — Organonitrates «—— Organonitrates nitrates 2)
©)

Aerosol surface L.
NO; + OH — HNO; ——— — Inorganic nitrates

1.3.2.2  Ammonium

Ammonia (NHs), emitted in large quantities from industry and
agriculture, can partly neutralize particulate sulphuric acid, forming
ammonium sulphate, which is acknowledged to be one of the main
contributors to submicrometric aerosol mass. Agricultural activities such as
land fertilization are the main source of atmospheric ammonia. In addition,
ammonium nitrate, formed from the reaction between ammonia and nitric
acid, is a common inorganic PM constituent (Heikkinen et al., 2020). In recent
years, several studies focused on the origin of ammonium in the atmosphere.
Jiang et al., (2019) and Drugé et al., (2019) investigated that ammonium
aerosols such as ammonium nitrate (NH4sNO3) and ammonium sulphate
((NH4)2SO4) are produced by the neutralization of nitric acid (HNOs) and
sulphuric acid (H2SO4) with ammonia (NHs) (Allen et al., 2019).

1.3.2.3 Sulphur

Sulphate particles, consisting of sulphur-containing airborne particles,
form from gas-phase precursors, ranging in size up to 0.1um (Saliba et al.,
2020). These particles, primarily secondary pollutants, originate from the
oxidation of sulphur dioxide (SO-) emitted mainly by coal-fired power plants.
In the atmosphere, sulphur dioxide transforms into sulphate (SO.) at a rate of
0.1 —5% per hour, a process expedited by higher temperatures, solar radiation,
and oxidants (Huang et al., 2020). Further interactions with water vapour may
produce sulphuric acid (H.S0O.), a corrosive acid that is harmful to ecosystems
and humans, as well as ammonium sulphate (NH4).SO., which is especially
effective at obstructing visibility. Fossil fuels combustion, which releases
sulphur dioxide (SO;) and nitrogen oxides (NOy), by-products of the
conversion of sulphur and nitrogen, respectively. Sulphuric acid, nitric acids,
and peroxyacetyl nitrates (PANS) are produced when these species react with
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OH radicals (during the day) and ozone (at night) in the atmosphere (Hao et
al., 2014; Wang et al., 2016). Sulphate particles have a long residence life in
the atmosphere, 2 — 10 days, allowing for them to travel hundreds or thousands
of kilometres at a regional or continental scale. Acid rain occurs when
relatively soluble sulphate particles are washed out by precipitation (Zhao et
al., 2015). Sulphate concentration in rural areas of Europe is generally below
5 ug/m® (Kanawade et al., 2020).

1.3.2.4  Chloride

Chloride aerosols are a large component of atmospheric particulate
matter and play essential functions in the chemistry of the troposphere. They
are widely distributed in different chemical variations, as well as having
different sizes and geographical locations (Crippa et al., 2013). In oceanic and
seaside regions, sea salts, which are dominated by sodium chloride (NaCl),
contribute a large concentration of chloride aerosols. In woodland, grassland,
and agricultural areas, chloride aerosols come from potassium chloride (KCI)
and are released by biomass burning. Chloride aerosols participate in
tropospheric chemistry via reactions with strong acids or acid anhydrides
(Wang et al., 2017). Earlier field experiments by Ng et al., (2017) have shown
that particulate phase chlorides such as sodium chloride and potassium
chloride react with sulfuric acid and/or nitric acid to generate gas-phase HCI,
which subsequently interacts with NH3 to make ammonium chloride or with
dust to form chloride dust. Wang et al., (2016), confirmed that particulate-
phase chlorides (such as sodium chloride and potassium chloride) react with
sulfuric acid and/or nitric acid to generate gas-phase HCI, which then reacts
with NHs to form ammonium chloride or with dust to form chloride dust.
Wang et al., (2016), discovered that heterogeneous N2Os reactions on chloride
aerosols produce CINO;, which supplies Cl atoms. Various field experiments
have demonstrated that a significant fraction of marine salts contains sulphates
and nitrates (Lee et al., 2016; Wang et al., 2017). In addition, Jimenez et al.,
(2009), found that secondary particulate chlorides (produced from gas-phase
HCI) were internally mixed with dust particles in long-range transport dust
plumes over the Pacific.

1.3.2.5 Carbonaceous Aerosols

Carbonaceous aerosols are the main constituents of particulate matter
(PM25) and can pose a challenge to the urban environment due to their variable
chemical and physical properties and their origin from a variety of pollution

24



sources (Oh et al., 2020). Carbonaceous aerosols have negative impacts on air
quality and human health (Ouidir et al., 2021). Carbonaceous PM.s, which
consists of organic carbon (OC), elemental carbon (EC) and water-soluble
ions, poses a greater health risk compared to inorganic PM.s, such as nitrate,
sulphate and ammonia (Cao et al., 2003; Ancelet et al., 2013; Zou et al., 2022).
Carbonaceous aerosols, account for 20 — 70% of atmospheric aerosols, play a
crucial role in the formation of haze, deterioration of visibility, adverse health
effects and atmospheric warming. OC, which is divided into primary organic
aerosol (POA) and secondary organic aerosol (SOA), is an important
component released from both fossil and non-fossil sources such as coal
combustion, automobile exhaust, biomass burning, vegetation emissions and
cooking (Pachauri et al., 2013). The light-absorbing fractions of carbonaceous
aerosols are usually elemental carbon (EC) (when measured by thermo-optical
methods) and black carbon (BC) (when quantified by light absorption
methods) (Safai et al., 2014). OC is the major contributor to carbonaceous
aerosols, accounting for about 90 %, while EC accounts for a relatively small
fraction of about <10 % (Bist et al., 2015). Due to its graphite-like structure,
EC mainly contributes to light absorption, while OC is a mixture of thousands
of particulate organic compounds, including polycyclic aromatic
hydrocarbons (PAHSs), polychlorinated dibenzo-p-dioxins, dibenzofurans
(PCDD/Fs) and other hazardous components that can harm human health and
increase morbidity and mortality (Pani et al., 2020; Lin et al., 2019). Recently,
there has been a growing emphasis on BrC, an intriguing organic component
that absorbs light and accounts for 20 — 40% of the total light absorption in
aerosols. Research results indicates that +0.1 to +0.6 W/m? is the range of
radiative forcing for BrC (Jo et al., 2016; Bali et al., 2024). Moreover, Zhang
et al., (2020) found that BrC may be a more significant heating source in the
free troposphere than BC. Furthermore, Lee et al., (2017) found that BC might
be internally mixed with up to 20% of OA and some secondary inorganic
aerosols. The "lensing effect"” is a type of internal mixing that increases light
absorption by 0.29-0.39 W/m? (Saleh et al., 2015). BrC, a subset of organic
aerosols, contributes to atmospheric warming by absorbing UV-Visible
radiation (Wang et al., 2019). Brown carbon deposition on snow and glaciers
after long-range air transport lowers albedo, speeds up snowmelt, and affects
water resources (Wu et al., 2020). Furthermore, the interaction of BrC with
plants can influence photosynthesis and respiration processes, potentially
releasing CO; back into the atmosphere. This can contribute to global warming
and have significant impacts on the yield and quality of agricultural crops (Yan
etal.,2020). In addition to its impacts on climate, brown carbon has been found
to encapsulate heavy metals and persistent organic pollutants (POPS),
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reducing their exposure to photocatalytic and ageing processes. While this
encapsulation reduces the degradation of these pollutants, it paradoxically
increases their persistence and potentially amplifies their harmful effects on
human health (Yan et al.,2020). Therefore, it's critical to increase our
knowledge of BrC sources, atmospheric processes, and potential. Although
previous studies have extensively examined organic and inorganic aerosols,
there is still limited understanding of how they transform under different
environmental conditions. For example, while organic nitrates and secondary
organic aerosols (SOAs) have been identified as major contributors to PM,
their formation mechanisms in rural, urban, and coastal regions remain
insufficiently understood. This research aims to bridge this gap by analysing
chemical transformations using multi-site data, offering insights into the
regional specificity of aerosol processes.

1.4 Main aerosol sources in rural environment

Rural environments contribute significantly to atmospheric aerosol
concentrations through both anthropogenic and natural sources. These
emissions influence air quality, climate change, and human health, making
their characterization essential for developing effective mitigation strategies.
Among the major aerosol sources in rural settings, biomass burning and
biogenic emissions play dominant roles.

1.4.1 Biomass burning

Biomass burning stands out as a significant source of aerosols in rural
environments, exerting substantial impacts on air quality, human health, and
the broader climate system. In rural areas, where traditional cooking practices
and agricultural activities often prevail, biomass burning releases a complex
mixture of pollutants into the atmosphere, including particulate matter (PM),
carbon monoxide (CO), volatile organic compounds (VOCSs), and nitrogen
oxides (NOx) (Zarate et al., 2005). Biomass burning has a significant
influence not only in its immediate vicinity but also stretches to places located
thousands of kilometers from its source (e.g. 220 — 13,500 Tg CO, yr !, 120 —
680 Tg CO yr !, ~38 Tg PM25 yr ') (Alves et al., 2011b). Biomass burning, a
prevalent ecological phenomenon, occurs under varying environmental
conditions. Factors such as humidity levels, wind patterns, and fuel moisture
content play a vital role in shaping the intensity and extent of these fires (Alves
et al., 2011a). These conditions can lead to the release of a diverse range of
pollutants, including greenhouse gases and particulate matter, impacting both

local air quality and global climate (Alves et al., 2011b). The intricate
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interplay between these conditions underscores the need for comprehensive
understanding and effective management strategies to mitigate the far-
reaching consequences of biomass burning (Janhall et al., 2010). Biomass
burning aerosols are primarily composed of carbonaceous compounds,
including organic carbon (OC) and elemental carbon (EC), alongside various
inorganic constituents such as potassium, ammonium, sulphate, and nitrate
(Reid et al., 2005b). The inorganic fraction, largely composed of insoluble
dust and ashes, contributes to the overall aerosol composition (Janhall et al.,
2010). Moreover, a substantial segment of the organic fraction, encompassing
approximately 40 — 80%, exhibits water solubility and contains acidic
components. Particularly, levoglucosan serves as a distinctive marker
originating from the decomposition of cellulose (Alves et al., 2011a).
However, the atmospheric aging sequence could potentially trigger the
degradation of levoglucosan, potentially resulting in the underestimation of
primary smoke origins attributable to biomass burning (Holden et al. 2011).
From biomass burning emitted particles predominantly belong to the
accumulation mode, exhibiting a count median diameter of 100 — 150 nm
(Badarinath et al., 2009). A smaller coarse mode (2.5um to 10um), contains
constituents like dust, carbon aggregates, ash, and unburnt fuel residues
(Hungershoefer et al., 2008). Occasionally, a nucleation mode is also
observed, introducing further complexity to particle sizes (Janhall et al.,
2010). Understanding these size variations is crucial for determining particle
transport lifetimes, deposition processes, and climate effects (Janhall et al.,
2010). In Lithuania, research has elucidated the significant impacts of biomass
burning on air quality and climate. The study of Svazas et al., (2021), have
established specific emission factors for pollutants such as carbon monoxide,
nitrogen oxides, and particulate matter from residential and agricultural
biomass combustion. Furthermore, the inclusion of biomass burning aerosols
in climate models has revealed their negative direct radiative forcing effects,
altering regional radiative balances and, consequently, climate patterns
(By¢enkiené et al., 2019, 2023). Studies also indicate that biomass usage for
energy, particularly from forests, raises concerns regarding soil degradation
and biodiversity loss (KabaSinskiené¢ et al., 2019), with urban areas
experiencing higher concentrations of black carbon due to biomass
combustion for heating (Pauraité et al., 2015). Wildfires, encompassing grass
fires, forest fires, or bushfires, are uncontrollable and destructive, rapidly
spreading through vegetation. These events are primarily fuelled by a
combination of dry conditions, high temperatures, and flammable vegetation.
The variability in wildfire behaviour due to factors like fuel type, humidity,
and wind poses challenges for predicting fire behaviour and managing their
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impacts (Reid et al., 2005b). Wildfire measurements utilize aircraft, satellite
imagery, weather stations, drones, and ground-based sensors for accurate
monitoring and prediction (Knobelspiesse et al., 2011; Urbanski et al., 2011).
According to Ulevicius et al., (2010), the influence of regional wildfires,
particularly in the Kaliningrad area, has been shown to dramatically increase
black carbon concentrations in Lithuania, and deteriorating air quality
(Ulevicius et al., 2010). In rural areas, domestic biomass burning for cooking,
heating, and other household activities involves the combustion of wood,
agricultural residues, and dung. This traditional source of energy is especially
prevalent in regions with limited access to modern energy sources and has
significant environmental and health implications (Liu et al., 2011). The
combustion conditions, such as moisture, temperature, fuel type, and stove
efficiency, affect emissions, which differ notably between traditional
fireplaces and more advanced equipment (Chen et al., 2009). In Lithuania, a
shift towards renewable energy, notably forest biomass, aims to significantly
increase its share in energy consumption to 80% by 2050 (Valancius et al.,
2022). Research by Kabasinskiené et al., (2019) in Lithuania underscores the
importance of using high-quality biomass and optimizing combustion
processes to reduce emissions and enhance energy efficiency. Agricultural
burning involves the ignition of crop residues and vegetation for clearing
fields and pest management. This practice releases a complex mixture of
pollutants, including PM2s, CO, VOCs, and greenhouse gases like CH4 and
N0, impacting both local and global environments (Calvo et al., 2011; Werf
et al., 2010). Different studies in Lithuania have further elucidated the
multifaceted environmental repercussions of this practice. Nwokeh et al.,
(2016) study indicates that agricultural burning affects soil properties by
altering pH levels, reducing organic matter content, and diminishing microbial
biomass, which can harm beneficial soil microbes and compromise soil
fertility. Despite stakeholders acknowledging a rapid post-fire recovery of
vegetation, the practice raises concerns over its long-term effects on
ecosystem health and soil productivity (Pereira et al., 2014).

1.4.2 Biogenic emissions

Biogenic emissions, originating from natural processes within rural
environments, play a significant role in shaping air quality, atmospheric
chemistry, and the Earth's climate system. These emissions arise from various
sources such as vegetation, soils, and microbial activities, contributing to the
formation of primary and secondary aerosols (Poschl et., 2005). Primary
biogenic aerosols (PBA), emitted directly from natural sources and
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significantly impact atmospheric composition such as pollen, spores, and plant
fragments, and other large particles with diameters of up to 100 um. Particles
below 10 pum originate from minute plant fragments, animal excretions,
bacteria, viruses, carbohydrates, proteins, waxes, ions, etc. (Winiwarter et al.,
2009). These aerosols undergo long-range transport and can ascend to
considerable altitudes, reaching heights of up to 80 kilometers (Wainwright et
al., 2003; Prospero et al., 2005). Biogenic volatile organic compounds
(BVOC:s) released by natural ecosystems can serve as potential precursors for
the formation of secondary organic aerosol (SOA). Notably, isoprene is a
dominant contributor with a global annual emission estimated at 440 — 660 Tg
C yr ' (Guenther et al., 2006). Additionally, minor quantities of alcohols,
ketones, monoterpenes, and sesquiterpenes are also emitted as BVOCs
(Warneke et al., 2010). Numerous investigations conducted in both laboratory
and field conditions have provided evidence of the existence of oxidation
products derived from terpenes and isoprene (Kroll et al., 2006; Kleindienst et
al., 2007). Global biogenic volatile organic compound (BVOC) emissions are
estimated to exceed anthropogenic VOC emissions by approximately a factor
of 10 (Hallquist et al., 2009). These emissions are a significant precursor to
secondary organic aerosol (SOA) formation, with BVOC oxidation
considered the primary global source, ranging between 12 and 70 Tg yr™
(Finessi et al., 2012). While biogenic emissions are a global phenomenon,
regional studies, such as those conducted in Lithuania, provide specific
insights into local sources and impacts. Research by Ulevicius et al., (2008)
and Vebra et al., (2007) identified that coniferous forests in South-Southeast
Lithuania are major sources of these emissions, emphasizing the role of forest
management in regional air quality strategies. Lithuania has also been
proactive in addressing these emissions by promoting biogas production from
biodegradable waste. This approach not only helps manage biogenic
emissions but also supports EU sustainability objectives. Further,
incorporating environmental taxes and other policy measures aids in reducing
reliance on traditional fuels and addresses the broader impacts of local
agricultural practices on the environment (By¢enkiené et al., (2019); Katinas
et al., (2019)). Incorporation of BVOCs occurs within diverse modelling
frameworks, encompassing air quality forecasting, global chemistry climate,
and regional regulatory models. This incorporation is driven by the notable
impact of BVOCs on global and regional atmospheric chemistry, resulting in
the production of secondary organic aerosol and ozone (Warneke et al., 2010).
Biomass burning and biogenic emissions play a crucial role in atmospheric
chemistry, yet they are still not well understood in many regions, especially
when it comes to seasonal variations, long-range transport, and their impact
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on climate. This study aims to address these gaps by analysing the chemical
composition, sources, and climate effects of carbonaceous aerosols from
biomass burning and biogenic sources in Lithuania. The findings will
contribute to a better understanding of aerosol-climate interactions and inform
mitigation strategies for reducing their environmental and health impacts.

1.5 Main aerosols sources in urban environment

Urban environments are characterized by high aerosol concentrations
resulting from a variety of anthropogenic activities. These sources include
traffic, industrial emissions, coal burning, food cooking, garbage burning, and
fireworks, each contributing differently to atmospheric pollution. These
aerosols play a crucial role in air quality deterioration, climate change, and
public health risks. While extensive research has been conducted in developed
countries, there remain significant knowledge gaps in developing regions such
as the Philippines and Eastern Europe. This section reviews the major sources
of urban aerosols and discusses the challenges in their characterization,
emphasizing the need for further research.

1.5.1 Traffic

Urban environments are characterized by high levels of traffic-related
aerosols, stemming from the complex interactions of various emission
sources. Studies by Fang et al., (2006) and Martuzevicius et al., (2008) have
extensively investigated the composition and sources of traffic-generated
aerosols in urban environments, offering insights into their complexity and
health implications. In the Philippines, a study by Maduefio et al., (2019)
focused on the emission factors of particle number and black carbon from
public utility jeepneys in Manila, highlighting significant emissions from old
diesel engines used in public transportation. Meanwhile, in Lithuania, Pauraité
et al., (2023) assessed the carbonaceous aerosol properties across an urban
environment during the cold season, noting the substantial influence of
residential heating systems on air quality, particularly through emissions from
biomass burning. Urban road traffic is a predominant contributor to primary
and secondary anthropogenic aerosols. The size and chemical composition of
these particles exhibit significant variation, depending upon their formation
mechanisms (Li et al., 2023). Exhaust emissions from road traffic are
primarily composed of a mixture of gases and ultrafine primary carbon
particles released through vehicle exhaust systems. These emissions arise
from the combustion of fossil fuels in internal combustion engines,
contributing to the atmospheric particle load (Jiang et al., 2005). Non-exhaust
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emissions, on the other hand, encompass a diverse range of sources beyond
exhaust emissions. These include particles released from brake wear, tire
wear, road surface abrasion, and the resuspension of particles in the wake of
passing traffic (Bycenkiené et al., 2022; Maduefio et al., 2019). The abrasion
of brakes and tires emits particles into the air, carrying trace elements like
strontium, copper, molybdenum, barium, cadmium, chromium, manganese,
and iron (Vera et al., 2021). Tire wear contributes significantly to PMio
emissions, with substantial rubber depletion annually in Europe (Thorpe et al.,
2008). Research on brake emissions includes evaluations of commonly used
brakes in the US and brake linings in Sweden and Japan (Li et al., 2023; Presto
et al., 2021). Resuspension of particles from pavements also impacts air
quality (Bukowiecki et al., 2010). Notably, elevated particle levels are
observed in northern Europe during winter, attributed to the application of
sand and salt on roads to prevent snow from freezing into ice (Rahman et al.,
2017). Utilizing data from various European urban centers, Querol et al.,
(2004) demonstrated that both exhaust and non-exhaust origins contribute
nearly equal proportions to the collective emissions arising from traffic-related
activities. Nitrogen oxides, mainly originating from traffic, act as precursors
to various nitrogen compounds, contributing to air pollution (Singh et al.,
2006). The research by Duong et al., (2010) elucidated that variable like traffic
volume, atmospheric dispersion from traffic rotaries, frequency of brake
utilization, instances of vehicles halting completely, and vehicle speed exert
an impact on the levels of heavy metal contamination. Recent research,
exemplified by Li et al., (2023), continues to underscore the concerning levels
of particulate matter (PM) emissions from diesel-powered vehicles, which are
commonly 10 to 100 times more abundant compared to emissions from
gasoline-powered vehicles. Particulate matter originates from diesel engines
produce toxic elements like PAHSs, substances well-known as genotoxic and
carcinogenic agents. This underscores their capacity to damage genetic
material and act as initiators of cancer (Chirico et al., 2010). Over the past few
years, there has been a growing emphasis on exploring biofuels (such as
soybean oil, rapeseed oil, and palm biodiesel) due to their potential to mitigate
emissions of air pollutants (including CO, particle hydrocarbons, PAHSs, and
PM) originating from diesel engines (Rivas et al., 2021). These alternative fuel
sources hold promise in contributing to improved air quality and reduced
environmental impacts comes from diesel engine emissions (Papa et al.,
2021). Broadly, a decline in PM levels was recorded alongside a decrease in
the average particle diameter (Chirico et al., 2010). Research by Chien et al.
(2009) highlights that with increasing proportions of biodiesel blending,
emitted particles exhibit a transition towards ultrafine and nanoscale
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dimensions. This shift is paralleled in the emission trends of polycyclic
aromatic hydrocarbons (PAHSs), found to closely correlate with PM
concentrations, reinforcing the connection between particle size distribution
and PAH emissions. Beyond automobiles, research has extensively
investigated emissions from various vehicle types, including buses, trucks,
tractors, and motorcycles (Liu et al., 2011). According to Alas et al., (2018)
and Kecorius et al., 2019, in urban areas such as Manila (Philippines),
jeepneys have been identified as the main contributors to particulate matter.
Railway emissions have also gained significant scrutiny. For instance, recent
findings by Rivas et al., (2021) reveal that iron particles constitute the
predominant fraction in railway emissions, accounting for 67% or 2.9 ug/m?
of the PMyo attributed to railways. Aluminium and calcium particles contribute
23% and 10% correspondingly (Vera et al., 2021). Moreover, aviation
emissions contribute substantial amounts of NOx, SOx, black carbon, and
organic carbon, impacting both ground-level and upper-atmospheric air
quality (Barrett et al., 2010).

1.5.2 Industrial activities

Urban environments are significantly influenced by industrial activities,
emitting both particulate matter and gases into the atmosphere, many of which
act as precursors to aerosol formation. Aerosols, comprising small liquid
droplets or solid particles suspended in air, are a consequence of diverse
industrial operations like combustion, manufacturing, and construction (Sofia
et al., 2020). By¢enkiené et al., (2014) revealed that elevated particle number
concentrations in Vilnius are primarily attributed to the long-range transport
of pollutants from industrial areas in Central Europe. Similarly, Braun et al.,
(2020) identified industrial activities as major emission sources in Metro
Manila, Philippines. These studies highlight the significant role of industrial
emissions in shaping urban aerosol landscapes. Industrial pollution stands out
due to the large amounts of harmful substances released at different stages of
industrial processes. The kind of pollutant is primarily influenced by the
method of production, the technology applied, and the raw materials used
(Shetty et al., 2023). Several industrial activities, including the production of
ceramics, bricks, cement, foundries, mining, and quarrying, stand out as
prominent sources of particle emissions. In a study conducted by Sanchez et
al., (2021), an examination was carried out on emissions originating from
mining activities, focusing on the presence of toxic metals and metalloids,
including As, Cd, and Pb. The findings revealed a dual-peaked distribution
with average sizes of approximately 0.3 um and 7 um. These sizes were linked
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to distinct sources: a) smelting operations, and b) wind-driven dispersion of
mine tailings and unintentional emissions, respectively. Foundries are
frequent sources of emissions of metals such as nickel, vanadium, manganese,
and copper (Manisalidis et al., 2020). According to the investigation by Ahn
et al., (2006), the primary components of particles emitted from a steel plant
were Fe,0O3 (39.6 to 74.5%), while particles from a cement plant mainly
consisted of CaO (41.8 to 65.5%). Conversely, in the case of particles from a
coal power plant and a foundry, the predominant constituent was SiO; (53.3
to 80.6%), in the coal fly ash and foundry particles, respectively (Kumar et al.,
2022). In a study examining an incident of industrial pollution plume, Choél
et al. (2010) determined that steelworks play a significant role in emitting
metallic pollutants (such as Fe, Mn, and Zn). The researchers emphasized the
importance of coagulation interactions between particles from industrial
origins and particles from different sources. They noted instances where
metal-enriched particles were internally mixed with compounds from marine
or continental sources (Manisalidis et al., 2020). Fossil fuel-based energy
generation constitutes a significant origin of gases that serve as precursors for
secondary aerosol formation. The combustion of coal within power plants
gives rise to primary particles derived from residual coal components,
including clay, sulphurs, carbonates, chlorides, and metals, prominently
mercury. These particles also arise from the incomplete combustion of coal
(Shindell et al., 2010). In a significant study Tohka et al., (2006) conducted an
investigation into the emissions of fine particles and the potential for reducing
emissions in industrial processes within Finland. By¢enkiené et al., (2014) in
Lithuania and Braun et al., (2020) in the Philippines also report significant
contributions of coal combustion to regional aerosol formation. These findings
underscore the global relevance of industrial combustion processes as major
sources of urban aerosols, highlighting similar trends across diverse
geographical locations.

1.5.3 Coal burning

Coal burning serves as a prominent and consequential source of
particulate matter and gaseous pollutants in rural environments, exerting
significant impacts on both air quality and public health. When coal is burned
for energy generation, a complex mixture of fine particles and gases is released
into the atmosphere. These emissions can encompass a range of pollutants,
including sulphur dioxide (SO>), nitrogen oxides (NOx), CO, volatile organic
compounds (VOCs), and heavy metals (Markovic et al., 2023). The emissions
resulting from the combustion of coal, a significant fossil fuel, are influenced
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by factors including coal maturity and combustion circumstances. Within
these emissions, hazardous constituents like Polycyclic Aromatic
Hydrocarbons (PAHs) and trace elements such as Arsenic (As), Selenium
(Se), Mercury (Hg), Chromium (Cr), Cadmium (Cd), Lead (Pb), Antimony
(Sb), and Zinc (Zn) have been identified. These elements are commonly found
within the finer PM2;s particulate fraction of coal combustion emissions, due
to which they become more dangerous for human health (Xu et al., 2011). In
Lithuania, residential coal combustion significantly contributes to the air
pollution, with biomass combustion for heating also being a notable source of
black carbon (BC) and organic carbon (OC) mass concentrations (Pauraité et
al., 2015). This demonstrates the dual challenge of managing both coal and
biomass burning to mitigate urban air pollution effectively. Similarly, in the
Philippines, urban coal burning has been identified as a substantial contributor
to air pollution. Gonzales et al., (2012) highlight the role of coal as a major
source of particulate matter emissions across various cities, emphasizing the
need for targeted pollution control measures in these urban settings.
Residential coal combustion plays a vital role in China's air pollution
landscape, accounting for a substantial 10.7% share of total emissions of
PAHSs in 2004. Interestingly, naphthalene emerged as the primary PAH in
gaseous phases, while phenanthrene took precedence in particulate phases
(Shen et al., 2010). Regarding BC and OC emissions, studies using household
stoves for burning various coal types demonstrated significant differences in
emission factors. Chen et al., (2009) conducted diverse combustion trials
utilizing three typical household stoves for burning 13 distinct coal types,
represented by honeycomb coal briquette and raw coal chunk formats.
Notably, their investigation yielded average BC emission factors (EFs) of 4
mg kg and 7 mg kg' for anthracite in briquette and chunk forms,
respectively. For bituminous coal, EFs were much higher, especially in chunk
form. Similarly, high EFs were recorded for organic carbon emissions from
bituminous coal (Chen et al., 2009).

1.5.4 Food cooking

In urban environments, the food cooking releases a complex mixture of
aerosols into the air, contributing to the intricate web of atmospheric
pollutants. These aerosols comprise a variety of organic and inorganic
particles, with their composition and emission levels influenced by factors
such as cooking methods, oil types, and cooking ingredients. Recent studies
have shed light on the significant role of food cooking emissions in urban air
quality degradation, highlighting their contribution to both PM and VOC
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levels (Li et al., 2019). Recent analyses utilizing source apportionment
techniques and chemical mass balance (CMB) calculations have demonstrated
that emissions originating from meat charbroiling and frying contribute to
approximately 20% of the total organic matter present in fine particulate
matter (PMas) in the Los Angeles area. These culinary activities release a
diverse array of organic compounds into the atmosphere, further exacerbating
urban air quality concerns (Zhu et al., 2023). Further, Mazeikis et al., (2013)
noted that cooking in urban areas like Vilnius significantly contributes to air
pollution, which is exacerbated by urbanization affecting meteorological
parameters that influence the dispersion of air pollutants. Studies have
identified over 120 distinct compounds emitted from meat cooking, with
palmitic, stearic, and oleic acids, along with cholesterol, noted for their high
levels of abundance (Mohr et al., 2009). Additionally, the health effects of
cooking fuels are crucial. The Capuno et al., (2016) study in the Philippines
shows that using clean cooking fuels can lower respiratory illness risks in
children, highlighting the health dangers of solid fuels in household air
pollution. Buonanno et al., (2009) observed a significant rise in emission
factors with increasing cooking temperatures, influencing aerosol
characteristics. The investigation by Wu et al., (2023), put forward distinct
markers for identifying emissions from meat cooking in both Western-style
and Chinese cooking practices. See et al., (2008) explored the chemical
attributes of PM2s from different gas cooking techniques, finding that deep-
frying discharged the most substantial PM.s load. In a more recent study,
Zhang et al., (2022) investigated the emissions of carcinogenic elements,
specifically higher aldehydes and PAHS, resulting from various Norwegian
beefsteak cooking methods involving pan frying. The research demonstrated
the presence of these harmful compounds in the air within the cook's breathing
space. Notably, the study found that cooking on a gas stove led to higher
exposure to these hazardous constituents compared to electric stove cooking.
Moreover, study highlighted the significant role of selecting appropriate
kitchen ventilation systems and emphasized that different types and
configurations of Kkitchen extraction hoods result in varying exposure
scenarios.

1.5.,5 Garbage burning

Garbage burning is a significant source of particulate matter in both urban
and rural environments, posing severe health and environmental risks. Despite
frequently being banned, this practice remains widespread. Recent research
suggests that approximately 50% of the world's generated waste, equivalent to
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around 1000 teragrams per year, is disposed of through open fires or
incineration. This alarming estimate implies that a staggering 500 teragrams
of carbon are released annually into the atmosphere from these activities
(Christian et al., 2010). Garbage represents a diverse and mixed fuel source,
containing not just significant amounts of biomass, but also a variety of
materials like plastics, paper, textiles, rubber/leather, glass, and metal. Recent
estimates indicate that a notable percentage, ranging from 12% to 40%, of
households situated in rural regions across the United States engage in
unregulated and spontaneous incineration of waste within their own premises.
This behaviour is predominantly observed in rural areas, where individuals
resort to the combustion of waste materials using 208-liter drums referred to
as "burn barrels." Unfortunately, the potential health repercussions stemming
from the discharge of hazardous compounds, such as dioxins, tend to be
downplayed. (Christian et al., 2010). According to the findings of Akagi et al.,
(2011), emission factors (EFs) for pollutants released from garbage burning
were assessed. Their study unveiled EFs of 9.845.7 g kg, 0.65+0.27 g kg ',
and 5.27+4.89 g kg' for PM_s, BC and OC, respectively. Furthermore, the
researchers underscored a significant aspect-reliance on levoglucosan and
potassium (K) as tracers for biomass burning might prove inadequate in
certain regions. Significantly, garbage burning emissions exhibit notable
concentrations of hydrogen chloride (HCI), a component uncommonly found
in biomass burning emissions. Notably, Christian et al., (2010) discovered
emission factors (EFs) for HCI spanning from 1.65 t0 9.8 g kg !, accompanied
by noteworthy additional chlorine content within the particles (EFs for soluble
CI™ alone ranging from 0.2 to 1.03 g kg™). These elevated EF values are
intricately associated with substantial quantities of polyvinyl chloride (PVC),
a compound commonly associated with discarded waste (Akagi et al., 2011).
Furthermore, additional regional studies underscore the environmental and
health impacts of waste incineration. The studies by By¢enkiené¢ et al. (2022)
and Denafas et al., (2007) reveal that in Lithuania solid waste incineration
plants, particularly those near urban areas, release polychlorinated dibenzo-p-
dioxins and dibenzofurans (PCDD/F), contributing to ecosystem degradation
and human health risks, as well as acidification and eutrophication. Similarly,
research conducted in the Philippines by Regmi et al., (2017) and Gonzales et
al., (2012) identified the burning of agricultural waste, charcoal, and solid
waste as major sources of fine particulate matter emissions in the cities of
Cabanatuan, Pandacan, and Manila, highlighting a critical area of concern for
air quality management in these urban settings.
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1.5.6 Fireworks

Fireworks, well-known for their dazzling displays and celebratory charm,
have a darker side often hidden by the brilliance they emit. These captivating
pyrotechnics are not just a feast for the eyes; they also contribute significantly
to PM pollution in urban areas, presenting both environmental and public
health challenges. The captivating burst of colours and patterns belies the
microscopic particles released into the air during and after fireworks events
(Retama et al., 2019). Fireworks emerge as a notable source of concern, not
only in various global locales during specific festivities but also as a consistent
factor contributing to air quality degradation. Cities across Europe, North
America, China, and India have been the focus of studies revealing consistent
patterns of heightened particulate matter levels during fireworks events. These
studies consistently highlight the presence of various pollutants, including
metals, both inorganic and organic compounds, and toxic gases like Os, SO,
NO., and CO in the aftermath of firework displays (Yoo et al., 2024). The
emissions from fireworks generate plumes of smoke laden with particles
encompassing water-soluble ions and trace metals (Sr, K, Ba, Co, Pb, and Cu).
Within this complex mixture, sulphate (SO4*"), nitrate (NO3"), ammonium
(NH4"), potassium (K¥), and chloride (CI") compounds can collectively
constitute over 50% of the overall burden of PMjs. After the firework
exhibitions, there is a gradual rise in the levels of secondary inorganic ions
such as SO4*, NOs", and NH,*, which subsequently become predominant
components on the subsequent day (Hao et al., 2023). The role of organic
carbon within firework-generated particles is noteworthy, although its impact
on black carbon is relatively moderate. Fireworks elevate the abundance of
oxygenated organic aerosols, especially those characterized by moderate and
low volatility levels. The detected components include aliphatic compounds,
their derivatives, esters, alcohols, ketones, and various other species with
potential health implications (Khaparde et al., 2012). Additionally, recent
studies further illustrate regional impacts. Kalinauskaite et al., (2024)
investigates the combined effects of fireworks and foggy weather conditions
on air pollution during New Year's Eve from Vilnius (Lithuania), revealing
significant increases in PMi, PMzs, and PMyo concentrations. Similarly,
research in the Philippines by Lorenzo et al., (2020), and Cruz et al., (2023),
in Metro Manila and Quezon City indicates that fireworks significantly raise
levels of SO,, PM.s, and PMig, along with notable spikes in metallic
components such as Fe, Cr, Cu, Ni, V, Ti, and Ba. These events also alter
particle composition, hygroscopicity, and aerosol backscatter, influencing
aerosol properties and atmospheric dynamics. Despite extensive research,

there are still significant gaps in understanding non-exhaust traffic emissions,
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the impact of meteorological conditions on aerosols, and the effectiveness of
biofuels, particularly in rapidly developing cities like Manila. Industrial
emissions are difficult to distinguish from long-range pollution, and their
interactions with natural particles in coastal areas remain unclear. Coal
burning’s impact in residential areas is understudied, particularly in North-
Eastern Europe and Southeast Asia, requiring better assessment for effective
mitigation strategies. This study aims to fill these research gaps by analysing
the seasonal variability and source contributions of carbonaceous aerosols
across urban environments in Lithuania and the Philippines. By differentiating
between exhaust and non-exhaust traffic emissions, local and transported
industrial pollutants, and coal versus biomass burning contributions, this
research will provide scientifically robust data to support targeted air quality
management and mitigation policies.

1.6 Main aerosols sources in coastal environment
1.6.1 Sea spray aerosols

Marine aerosols play a crucial role in the coastal environment, serving as
dynamic carriers of oceanic and atmospheric interactions. These aerosol
particles are generated by the ocean's breaking waves, where sea spray and
other biological and chemical processes release them into the atmosphere.
This aerosol-rich interface acts as a bridge connecting the oceans and the
atmosphere, influencing various climatic, ecological, and biogeochemical
processes (Meskhidze et al., 2006; Dowd et al., 2007; Brooks et al., 2017).
The majority of marine aerosols are considered primary in nature. However,
the oceanic surfaces host a range of sources, including phytoplankton that
release diverse organic compounds such as dimethyl sulphide (DMS;
CH3SCH3), as well as bacteria, viruses, and various trace elements. These
aerosols possess the capability to be transported over long distances,
consequently impacting atmospheric composition, cloud nucleation, and
potentially even weather trends. This phenomenon is supplemented by their
role in facilitating nutrient cycles, as they transport essential minerals and
organic materials from the ocean to coastal ecosystems. The composition of
marine salt primarily consists of sodium and chloride, accompanied by smaller
amounts of other elements like sulphate, potassium, magnesium, and calcium
(Brock et al., 2021). The primary origin of atmospheric sodium and chloride
in coastal regions originates from the ocean. In the fine particles of sodium
chloride (NaCl), a portion of the chloride undergoes a conversion into a
gaseous form through atmospheric reactions involving sulfuric acid (in

gaseous or agueous phase) and nitric acid (in gaseous phase) (Claeys et al.,
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2010). This transformation leads to the reduction in chloride content, thereby
designating sodium as the principal tracer for particulate matter within marine
salt aerosols (Kim et al., 2019; Bai et al., 2022).

NaClg) + HNO; ) ———————— HCl(g, + NaNOs, (4)

2NaClg) + H,804(g4aq) — > 2HCl(g) + Na,S0, (5)

Primary marine aerosols come into existence through the explosive
emergence of rising bubbles via the sea-surface microlayer (SML). The
abundance of marine particles within the ocean's threshold layer is directly
linked to the speed of the wind. The bursting of a single air bubble in ocean
has the potential to produce up to 10 marine aerosol particles, each with a
diameter ranging from 2 to 4 um (Ryu et al., 2007). These particles hold the
capacity to ascend to heights of up to 15 cm above the water surface and are
acknowledged as jet drops. The significance of primary marine aerosols has
been inadequately recognized, despite their dual role as contributors to adverse
biological effects and as a medium for the exchange of energy and material
between the ocean and the atmosphere (Zhao et al., 2021). Although marine
aerosol is typically associated with the coarse fraction, different studies has
identified finer marine particles measuring as small as 0.05 pm. The
submicron fraction gained specific attention because of its direct and indirect
influence on radiative transfer processes. Furthermore, research by
Ovadnevaite et al., (2018) on the Baltic Sea's east coast emphasizes the
complexity of aerosol components, including sulphates, organics, nitrates, and
ammonium, with varying size distributions between clean marine and polluted
air masses, illustrating the necessity of distinguishing aerosol sources to
effectively address their environmental and health impacts. Various
investigations have approximated the worldwide emissions of organic matter
in the sub-micron size range through sea spray processes at 8.2 Tg yr ', in
comparison to 24 Tg fine yr~' sea-salt emissions (Calvo et al., 2013). Notably,
global models tend to underestimate OC, particularly during periods of
plankton blooms, wherein the levels are often miscalculated by a factor of 5—
20. OC displays a notable correlation with back-trajectory weighted
chlorophyll, implying an oceanic OC source influenced by biological activity.
The enrichment of micro floatable components in marine aerosol is attributed
to the role of surfactants (Osto et al., 2017; Shank et al., 2012). Studies in
Lithuanian coastal areas reveal that local emissions primarily stem from fossil
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fuel combustion. During pollution peaks, air masses typically arrive from the
south, southeast, or southwest, carrying pollutants from Eastern and Southern
Europe to Lithuania. This long-range transport significantly impacts air
quality and poses health risks due to increased PM5 levels (Ovadnevaité et
al., 2007; Masalaite et al., 2017; Masalaite et al., 2020). The study underscores
the importance of considering regional emission sources and their transport
pathways when assessing the broader impacts of marine aerosols on coastal
air quality and human health. Marine aerosols are not solely confined to
coastal zones; they can also be detected at elevated inland heights,
underscoring their ability to undergo long-distance (Wang et al., 2020).

1.6.2  Ships emissions

Ships emissions in coastal environments represent a significant concern
due to their impact on air quality, human health, and the marine ecosystem.
The maritime sector is a substantial contributor to air pollutants such as
sulphur dioxide (SO2), nitrogen oxides (NOx), PM, and greenhouse gases
(GHGs) like carbon dioxide (CO) and methane (CH4). Ships contribute to
approximately 16% of the worldwide sulphur emissions and account for as
much as 54% of the total sulphate aerosol column burden over the
Mediterranean region during the summer months (Saliba et al., 2021;
Ramacher et al., 2020; Corbett et al., 2007). Similarly, recent research
conducted in Lithuania by Karl et al., (2019); Masalaite et al., 2020; Masalaite
et al., 2022; Jonson et al., (2019); Rapalis et al., (2022), and Ducruet et al.,
(2024) has shown that ship emissions are major contributors to pollutants such
as sulphur dioxide (SO,), nitrogen dioxide (NO2), ozone (Os), fine particulate
matter (PM.s), and non-methane volatile organic compounds (NMVOC).
These emissions significantly impact air quality, contribute to climate change,
and pose health risks, especially in urban port areas. Marine vessels emit a
considerable amount of sulphur dioxide due to the high sulphur content in
marine fuels. These emissions not only contribute to regional air pollution but
also affect marine ecosystems, leading to ocean acidification and subsequent
ecological consequences (Saliba et al., 2021). Nitrogen oxide emissions from
ships contribute to the formation of ground-level ozone and particulate matter,
both of which have adverse effects on human health and the environment.
Additionally, ships emit PM that includes BC, OC, and other pollutants with
significant health implications. In Manila, Philippines, studies by Cadondon
et al., (2024), Pabroa et al., (2023), and Alas et al., (2018) have revealed that
vehicle traffic significantly impacts air quality in the region. Many vehicles,
including ships and boats, still utilize diesel engines that do not meet EURO

emission standards, making them major contributors to particulate matter
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(PMo.4g and PMzs) and black carbon emissions. This emphasizes the urgent
need for adopting cleaner technologies and stricter emission regulations
globally. The International Maritime Organization (IMO) has implemented
regulations to address these emissions, including the global sulphur limit of
0.5% for marine fuels (IMO, 2018, 2020). However, compliance and
enforcement remain challenges, leading to ongoing discussions about stricter
regulations and the adoption of cleaner technologies. Alternative fuels like
liquefied natural gas (LNG) and hydrogen have gained attention as potential
solutions to reduce emissions, although challenges such as infrastructure and
cost need to be addressed (Russo et al., 2023). According to Feng et al. (2019),
the spatial distribution of ship emissions in coastal regions, showing higher
concentrations near major ports and shipping routes. Coastal areas experience
elevated pollution levels due to the combined effects of local emissions, ship
traffic, and atmospheric dynamics. These emissions have health implications
for coastal communities and tourists, emphasizing the need for effective
monitoring and regulatory measures. Research has employed satellite remote
sensing and atmospheric modelling to quantify and assess the impacts of ship
emissions on air quality and climate. These methods provide valuable insights
into emission patterns, pollutant concentrations, and their interactions with
regional meteorology (Feng et al., 2019). Improving the accuracy of emission
inventories and modelling techniques is crucial to understanding the full scope
of ship-related pollution.

1.6.3 Fishing and aquaculture

Fishing and aquaculture activities are critical components of coastal
economies, providing sustenance and livelihoods for communities around the
world. However, beyond their economic significance, these activities also
have the potential to impact the coastal environment through the generation of
aerosols. Fishing operations can contribute to the production of aerosols
through various mechanisms. One significant process is the shaking of water
during activities like hunting, where fishing nets disturb the water column and
entrain particles, including organic matter, minerals, and microorganisms.
These entrained particles can become aerosols when they are ejected into the
air due to the hydrodynamic forces generated by the moving vessel (Sihring
et al., 2023). Recent studies have shown that fishing activities can result in the
release of bioaerosols containing microorganisms such as bacteria and viruses.
These microorganisms, originally suspended in the water, become airborne
through the churning action of fishing vessels. Aquaculture, which involves
the farming of aquatic organisms, can also contribute to aerosol generation.

Intensive aquaculture practices, such as those in shrimp and fish farms, can
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result in the release of particulate matter and organic compounds into the
surrounding environment. A study by Uddin et al., (2018), investigated
aerosols from shrimp farming operations and found that they contained
elevated concentrations of organic carbon, likely originating from feed and
waste materials. Additionally, the use of aerators in aguaculture ponds,
designed to increase dissolved oxygen levels, can lead to the entrainment of
water droplets into the air. These water droplets, carrying particulate matter
and potentially harmful microorganisms, can become aerosolized and disperse
over nearby areas (Yazdi et al., 2010).

Marine aerosols play a vital role in climate regulation and coastal air
quality, yet there are still many unanswered questions about their composition,
movement, and interactions with anthropogenic pollution. The impact of
biological processes (e.g., plankton blooms) on organic aerosol formation is
understudied, and sea spray interactions with industrial and ship emissions are
poorly quantified, especially in Baltic and Southeast Asian regions. Ship
emissions, a major but poorly regulated source of sulphur and nitrogen
pollutants, require further study on long-range transport and secondary aerosol
formation. Additionally, the impact of fishing and aquaculture aerosols on air
quality and health risks remains largely overlooked. This study aims to address
these knowledge gaps by quantifying seasonal variations and source
contributions of marine, ship, and fishing-related aerosols in Lithuania and the
Philippines. By distinguishing natural vs. anthropogenic aerosol contributions,
this research will provide critical insights for air quality regulation and coastal
climate impact assessments.

1.7 Actions to Mitigate Climate Change in rural, urban and coastal
environment

Climate change mitigation requires a blend of global strategies and
localized efforts. The goal to combat atmospheric change revolves around
creating strategies to decrease greenhouse gas emissions globally. In 1994, the
United Nations General Convention on Climate Change was established,
gaining widespread approval and ratification from 197 countries (UNFCCC,
1994). However, there was less enthusiasm for certain legislative measures
like the Kyoto Protocol, which only had 38 participating countries (UNFCCC,
1997). The momentum shifted with the introduction of the Paris Agreement in
2015, with 195 countries involved (UNFCCC, 2015). The subsequent
provisions of the Katowice meeting in 2018 allowed the successful transfer of
the main agreement on the fight against climate-related issues into real
practice (UNFCCC, 2018). However, the effectiveness of these policies varies

greatly across different regions, necessitating localized strategies to
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complement these global efforts. The European Green Deal serves as a model
for how regional strategies can support global climate objectives. With a goal
of achieving carbon neutrality by 2050, this initiative integrates plans across
sectors such as industry, construction and transportation. Investments are
directed towards innovation and sustainable practices, with a target of
mobilizing €1 trillion by 2030 to back these endeavours. The Green Deal
highlights the importance of legislative support and financial investment in
driving climate action (European Commission, 2020). Public awareness and
advocacy play a crucial role in climate action. Both global and local
movements, backed by environmental activists and organizations, play a key
role in shaping policies and promoting sustainable practices. Through
awareness campaigns, grassroots initiatives, and policy advocacy, these
efforts influence public perception and push policymakers to take necessary
actions. These initiatives highlight the importance of reducing emissions,
adopting sustainable energy sources, and protecting natural ecosystems. In
Asia, countries such as Philippines, Vietnam, China, Nepal, Bangladesh, and
Pakistan face unique challenges due to their geographic and economic
conditions. The Philippines' Climate Change Act, established in 1999 and
revised in 2016, focuses on enhancing the country's capabilities to mitigate
and adapt to climate impacts (Republic of Philippines, 1999, 2016). Strategies
include community-based adaptation measures, integrated coastal
management and the promotion of renewable energy sources, which represent
a proactive approach to addressing the specific vulnerabilities of island
nations. Rural regions are predominantly affected by changes in agricultural
practices and land use. Strategies here focus on sustainable agriculture,
afforestation, and bioenergy production. Sustainable practices such as crop
rotation, organic farming, and the use of drought-resistant crop varieties help
reduce the environmental footprint of agriculture. Afforestation not only helps
sequester CO; but also aids in biodiversity restoration and soil quality
enhancement. Bioenergy with carbon capture and storage is seen as a
promising technology for producing energy while lowering overall
atmospheric CO; levels. However, the successful implementation of such
technologies hinges on carefully considering the impact on local ecosystems
and socio-economic factors to prevent negative consequences such as land
competition and water usage. In addition, minimizing the use of biomass and
the burning of fossil fuels is crucial to reducing greenhouse gas emissions and
improving the overall sustainability of these strategies. Urban areas, known
for their dense population and industrial activities, play a significant role in
global emissions. Efforts to mitigate urban climate issues involve improving
energy efficiency in buildings, promoting public transportation and creating
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green infrastructure. The shift towards renewable energy sources in cities is
made easier by incorporating solar panels, wind turbines and sustainable
public transportation systems. Initiatives like green buildings and smart cities
utilize technology to optimize energy consumption and reduce emissions.
Moreover, urban green spaces not only sequester carbon but also improve air
quality and provide resilience against climate impacts like heatwaves. Coastal
areas require special attention due to their vulnerability to sea-level rise and
extreme weather events. Mitigation strategies in these areas include coastal
reforestation, wetland rehabilitation and sustainable fisheries development.
The restoration of mangroves not only shields coastlines but also acts as an
efficient carbon absorber. Wetland restoration helps in carbon sequestration
and provides buffer zones against storm surges. Maintaining the health of
marine ecosystems is dependent on sustainable fishing and aquaculture
practices that aim to prevent overfishing and habitat destruction. Furthermore,
anthropogenic emissions from ships, boats, cranes, and cargo trucks must
comply with Euro emission standards to significantly reduce particulate matter
and black carbon emissions.

While global climate policies aim for net-zero emissions, implementation
gaps persist, particularly in developing regions with financial and
technological constraints. Rural mitigation strategies like bioenergy and
sustainable agriculture lack long-term impact assessments, while urban
policies on renewable energy and public transit need better evaluation of real-
world emission reductions. Coastal mitigation efforts, including mangrove
restoration and wetland rehabilitation, are not well quantified, and maritime
emissions remain underregulated, with limited data on their climate
interactions. This dissertation plays a critical role in bridging these research
gaps by characterizing and performing source apportionment of organic,
inorganic, and carbonaceous aerosol particles in rural, urban, and coastal
regions across Europe and Asia. By identifying the primary emission sources,
analysing seasonal variability, and evaluating the effectiveness of mitigation
policies, this study will provide scientifically robust insights for developing
targeted climate action strategies. The findings will be vital for policymakers
in crafting region-specific climate policies that balance technological
advancements with socio-economic realities, ultimately enhancing the
effectiveness and fairness of climate mitigation efforts.
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2 MATERIALS AND METHODS

2.1 Sampling sites description

The continuous measurements of the chemical composition and optical
parameters of aerosol particles took place in three different environments:
rural, urban, and coastal. These selected observation sites are strategically
positioned in different geographical locations to assess the predominant
sources of organic, inorganic and carbonaceous aerosol particles affecting the
atmospheric heat balance not only in Europe (Lithuania) but also in Asia
(Philippines) (Fig. 3).

The first measuring station characterized as a rural environment is the
comprehensive measuring station in Aukstaitija integrated monitoring station
(Fig. 3a). This remote location in the village of Rugsteliskis (55°27°N,
26°00’E, 170 m a.s.l.) covers about 70% forested area, which is mainly
characterized by pine stands (Pinus sylvestris) and vegetation varied from
steppe to tundra species (Pauraité et al., 2015). There are hardly any significant
local sources of anthropogenic pollution in the immediate vicinity of the site.
The nearest major town, Utena, is located 27 km south of Riigsteliskis. The
measurements were taken at a height of about 1.5 meters above the ground
level, temperate climate zone characterized by a humid continental climate
with moderately cool weather conditions, abundant rain and high humidity
(European Environment Agency, 2023). Over a period of five years (2013,
2014, 2016, 2018, and 2019), the measurements were systematically carried
out in three different seasons: spring, summer, and autumn.

The second measurement site was selected at the headquarters of the
Center for Physical Sciences and Technology (FTMC) in Vilnius (54°38°N,
25°10°E, 197 masl) (Fig. 3b). The inlet of the sampling system was placed on
the top floor, about 20 m above ground level, 12 km southwest of the
downtown area. Notably, the sampling site was strategically situated at a
considerable distance from densely populated residential zones. The station
found itself surrounded by forests to the north/northeast and villages to the
south/east. The closest roadway was positioned 300 m to the southwest, while
on the opposite side, a low-traffic road was 600 m away. Described as an urban
background location, the site's geographical positioning under typical
meteorological conditions limited the potential for the accumulation of vehicle
emissions. During the winter of 2014 (January — February), an intensive 2-
month field measurement campaign was conducted. The objective was to
perform continuous real-time measurements to detect the composition of
organic aerosols (OA) and mass concentrations of black carbon (BC) at this
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urban site.

The third measurement campaign was conducted at two locations in
Metro Manila, Philippines: Manila's North Port (14°61°’N, 120°96’E) from
December 20, 2019, to January 25, 2020 (Fig. 3c), and Quezon City's East
Avenue roadside (14°67°N, 121°04’E) from January 29, 2020, to February 26,
2020 (Fig. 3d). The Port site was situated 12 km away from Quezon City's
East Avenue. To ensure the quality of the collected data, measurement
instrumentation was housed in a specialized, air-conditioned container.
Aerosol instrumentation operated based on recommendations from the World
Calibration Centre for Aerosol Physics (WCCAP) under the World
Meteorological Organization's (WMO) Global Atmosphere Watch (GAW)
Programme. The sampling was carried out following the guidelines presented
in the GAW report 227 (WMO Report, 2016) to minimize particle loss due to
diffusion, impaction, and settling. Classified as a coastal environment, the
measurement site played host to an intensive field campaign specifically
targeting the measurement of equivalent black carbon (eBC) mass
concentration, aerosol particle number concentration, and particle light
scattering coefficient.

Lithuania f)
> s RugStelisis ¢

(b) Vilnius city g s E———
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(] Lithuania
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M Philippines M J e

(d) Manila Port

Fig. 3. Location of four measurement sites. (a) RuagsteliSkis rural site
(Lithuania), (b) Vilnius city site (Lithuania), (c) Quezon city site (Philippines)
and (d) Manila port site (Philippines).
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2.2 Methods of estimating physical and chemical parameters of the
atmosphere

2.2.1 Measurement and source identification of organic aerosol particles

2.2.1.1  Mass spectrometry of aerosol particles

The Aerodyne Chemical Speciation Monitor (ACSM) (Aerodyne
Research Inc., USA) is a sophisticated instrument for direct measurement of
the chemical composition of airborne aerosol particles. This revolutionary
device works on the basis of a comprehensive system of aerodynamic lenses
and pumps that enable precise analysis of aerosol properties (Ng et al., 2011).
The operating principle underlying the ACSM is illustrated in the schematic
and detailed description by Ng et al., (2011). When aerosol particles are drawn
into the device, they undergo a selective process within the aerodynamic
lenses, which have a dual function. Firstly, these lenses efficiently exclude
particles larger than 1 um in diameter, ensuring that the focus is exclusively
on the finer particles. Secondly, the lenses narrow down the particle stream,
resulting in a focused and refined input for subsequent analysis. This pivotal
step in the process is further explained by Liu et al., (2018), emphasizing the
crucial role these lenses play in shaping the aerosol sample.

The journey of the aerosol particles continues into different chambers
within the ACSM, each serving a specific purpose in the analysis process. In
the first chambers, the aerosol particles are effectively separated from the
surrounding air stream with the help of the pumps. This pre-processing step
ensures that the subsequent analysis is targeted and accurate, focusing
exclusively on the particles of interest. The third chamber is a critical phase in
which the aerosol particles are deposited on a heating plate and subsequently
vaporized. This process leads to the generation of vapours, which are then
ionized with 70 eV electrons. The ionization of the aerosol particles leads to
the formation of fragments of molecular ions, a key step in the analysis
described by Ng et al., (2011). These fragments, which represent various
chemical components of the aerosol particles, are fed into a quadrupole mass
spectrometer. In this spectrometer, the mass-to-charge ratio (m/z) of each
fragment is determined, providing valuable insight into the molecular
composition of the aerosol particles. The ability to measure this spectrum over
a range of m/z 12 to 149 enables a comprehensive analysis of the chemical
composition of the aerosol.

The ACSM's temporal resolution is a notable feature of its operation. This
sensor offers a time-dependent perspective on aerosol properties and operates
at intervals of around 30-minutes. This temporal precision provides insights
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into short-term fluctuations and trends and is essential for capturing dynamic
changes in aerosol composition. The sophisticated design of the ACSM is
highlighted by the complex interactions between its mass spectrometry,
ionisation, pumps, chambers, heating plates, and aerodynamic lenses. By
combining these elements, the ACSM becomes a state-of-the-art instrument
for atmospheric research, guaranteeing a reliable and accurate measurement
of aerosol particles.

2.2.1.2 Positive matrix factorization

To allocate organic aerosol (OA) to different sources, the positive matrix
factorization (PMF) model (Paatero, 1997) was applied. PMF is a statistical
method that converts mass spectra of OA into a linear combination of several
factor profiles. Thus, it separates several time series together with the
corresponding mass spectra profiles (Fig. 4). In short, PMF is based on organic
mass spectra represented in a matrix system (x) together with source profiles
and sub-matrices of time series (f and g):

Xij = ngip'fpj + ey, (6)

where x;; stands for various elements of the matrix x, p represents the
number of investigated factors, f, and gi» are elements of matrices f and g,
respectively. The last element in the equation is a residual.

QOrganic Mass Spectral Mass Spectrum, Mass Spectrum, Residual
Matrix (ORG) Factor 1 (ms,) Factor 2 (ms,) Matrix (E)

dh... — f5

[ ¥

bl

Time(t)

|

Concentration (ug/m?3), Factor 1 (ts4)
L

Concentration (ug/m?), Factor 2 (ts,)

LA anM ]

m/z(m) Y
Mass Spectrum and Time Series
for each factor

Fig. 4. Schematic diagram of the positive matrix factorization model (Zhang et
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al., 2011).

2.2.1.3  Procedure for performing PMF analysis

All PMF analyses were carried out by following a standardized
procedure. Matrixes were created using the Igor (IgorPro 6.37) tool to display
m/z signal intensity and errors. After eliminating outliers, PMF is conducted
to identify results with 2 to 8 factors, giving an initial insight into the potential
number of factors and their consistency. This step also assesses the accuracy
of the error matrix and determines if any adjustments need to be made to
individual m/z signals.

The next phase involves constraining the first factor profile based on
known traffic related hydrocarbons like OA (HOA). If this factor remains
stable, exhibits recognizable rush hour peaks in diurnal patterns and correlates
with external time series of BC, NO or NOx, then HOA can be considered a
relevant source for the study. Subsequently, attention shifts to investigating
biomass burning related OA (BBOA). If no distinctive BBOA spectra are
detected at this stage, an external profile from previous research is required
for reference. If the intensity of m/z 60 (C.H4O") accounts for at least 0.3% of
the entire spectrum, according to specified criteria, biomass burning is
identified as the source (Crippa et al., 2014; Paglione et al., 2020). Further
indicators that support the designation of these signals as suggestive of BBOA
include m/z 29 (C;Hs") and 73 (CsHs0,"), which are particularly associated
with the mass spectrum of levoglucosan, a byproduct of burning wood
(Weimer et al., 2008a).

Understanding the levels of oxygenated organic aerosols (OOA) is
crucial. Sometimes, it's feasible to distinguish between less oxidized OA
(LOOA) and more oxidized OA (MOOA). LOOA is often linked to aerosols
produced through the partitioning process of biogenic volatile organic
compounds (BVOCs), while its anthropogenic origin is also well documented.
A key marker for LOOA identification is m/z 43 (CsH;", C.H30"), and its
intensity in relation to m/z 44 is important. Unfortunately, PMF doesn't allow
for a detailed analysis of LOOA sources. On the other hand, MOOA is
typically associated with long-range organic aerosols, identified by increased
signals at m/z 18 (CHs"), 28 (CO"), and 44 (CO;"). These are highly oxidized,
internally mixed, and do not have a characteristic diurnal pattern

Following this investigation, additional organic aerosols may come into
play. The presence of cooking related OA (COA) can be verified by
introducing an additional factor with a constrained profile. Confirmation could
be attained by observing if the diurnal trend of COA shows increased mass

concentrations during lunch and dinner hours. The principal COA marker, m/z
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41, is complemented by elevated signal intensities at m/z 43, 55, and 57, which
correspond with the impact of biomass burning. Additionally, local organic
aerosols (LOA) might be detected in certain instances, often tied to local fires,
pollution events or nearby industrial emissions.

Once the suitable solution for atmospheric OA is identified, it's essential
to carry out a statistical analysis. To achieve this, 1000 runs are conducted in
the 'robust mode', where time series are randomly rearranged. If the data
collection period spans over several months or includes multiple seasons, the
'moving window' mode should be opted for. In this mode, only two weeks of
data per run are examined and then shifted by 1 or 2 days. This approach not
only helps in assessing the uncertainty of each source but also provides
insights into the changes occurring within them.

2.2.2  Light absorption by aerosol particles
2.2.2.1 Measurement of light absorption by Aethalometer

The Aethalometer (AE31 Magee Scientific), was used as an instrument
to quantify the mass concentration of equivalent black carbon (eBC) in aerosol
particles. The operating principle of the device, which is explained in Arnott
et al., (2005), is based on measuring the attenuation of light intensity passing
through a filter containing aerosol particles. Essentially, the aethalometer
takes measurements at regular intervals, which are facilitated by the
continuous accumulation of aerosol particles on the filter. The complicated
operation of the device is that the light intensity is measured both in the
presence (sample) and absence (control) of aerosol particles on the filter. The
perceptible contrast in these intensities is directly proportional to the mass
concentration of eBC. Sample concentration is significantly influenced by the
filter's selected surface area; a smaller area yields a more concentrated sample,
while a larger size disperses the sample across a greater area.

Notably, the surface area of the filter has a major impact on how quickly
the filter fills. Reduced surface area increases the rate at which filters fill and
so requires more frequent filter replacements, but also improves measurement
accuracy. For the purposes of this investigation, filters with a 0.5 cm? sample
area were carefully chosen for Aethalometer observations. This intentional
decision is in line with the goal of achieving the highest level of precision
possible when determining the eBC mass concentration. Because of the
Aethalometer's versatility, measurements were made at seven different
wavelengths in this study: 370, 470, 520, 590, 660, 880, and 970 nm. Most
importantly, the measurement of the mass concentration of eBC precisely

takes place at a wavelength of 880 nm.
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The fact that the Aethalometer can measure at many wavelengths
demonstrates its adaptability and ability to detect subtle variations in light
intensity attenuation throughout the electromagnetic spectrum. This thorough
technique helps improve the accuracy of eBC mass concentration estimates
and enables a more sophisticated understanding of the aerosol composition.
The careful examination of several wavelengths is consistent with the
complexity of aerosol characteristics, since varied behaviours may be
displayed by various particle sizes and compositions in response to different
light wavelengths. As a result, employing a multi-wavelength technique
strengthens the stability of the Aethalometer's readings and improves the
accuracy of eBC mass concentration calculations.

2.2.2.2 Evaluation of parameters related to light absorption

The measurement of light intensity (lo) is accomplished by assessing the
light beam that traverses the control region of the filter. Simultaneously, |
denote the intensity measured when the laser beam passes through the filter
holding the deposited BC sample. The attenuation of light intensity (Atn) can
be expressed through the following equation:

Atn = C In(l,/I) (7

A spot on the filter that is hardly visible is represented by an attenuation
value of Atn = 1, whereas a spot with a dark grey colour is represented by Atn
= 100. In the visible spectrum, BC absorption of light decreases with
increasing wavelength. The following equation provides a mathematical
expression for the attenuation of light intensity at the wavelength A under
investigation:

Atn () = MAC (%) .BC (8)

In this context, BC represents the mass concentration of black carbon,
while MAC (1/)X) denotes the mass absorption cross-section (1), a parameter
dependent on the wavelength and specific to the absorbing material. Another
optical measure that is frequently used is the light absorption coefficient, or
babs. The Beer-Lambert law introduces this parameter:

I = Ioe(_babsx) (9)
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In the provided framework, | and lo denote the previously determined
light intensities, baps is the light absorption coefficient, and x denotes the light
transition layer thickness. The following is an analogous expression for the
light absorption coefficient:

MAC (%) (10)
— o2 BC

baps S

The light attenuation coefficient (bam) is another useful measure that is

used. The change in light attenuation during a normalized time interval At is

reflected in this coefficient. The amount of bam depends on the surface area A

of the sample deposited on the filter as well as the airflow rate Q that enters
the device.

A AAtn (11)
an =0 TAc

Therefore, the three main factors that are being assessed while assessing
the light absorption properties of aerosol particles are BC concentration, light
intensity attenuation, and absorption coefficients.

Nevertheless, there are structural flaws in the methods that underlie the
Aethalometer's functioning that need to be fixed. First of all, the presence of
filter fibers attenuates light, which in turn causes an artificially higher BC
mass concentration. A second challenge arises from light attenuation caused
by scattering from deposited aerosol particles, where the scattering is
erroneously interpreted as increased light absorption in the final calculations.
The third problem, called the shadowing effect, arises when a significant
quantity of BC is deposited on the filter. This causes some particles to block
one another, which results in measures of light attenuation that are
understated. It becomes vital to include extra parameters and modify current
formulations in order to address these disparities and provide appropriate
values in the computations. Weingartner et al., (2003) suggested adding
further C and R(Atn) parameters to the calculation of the light absorption
coefficient:

1 (12)
baps = bpey ———
abs Atn C-R(Atn)

Here, C denotes the calibration factor, elucidating the multiple scattering

of the filter beam utilized in measurements. The calibration factor, C, is mostly
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determined by the type of filter used and the particular equipment used.
However, the objective of the parameter R is to adjust for measurement errors
caused by settling particles. The amount of deposited aerosol particles affects
the function R(Atn). R is set to unity for any unutilized filters.

Numerous experiments have revealed that C values can range between
1.9and 3.3, as documented in studies by Di lanni et al. (2018) and Weingartner
et al. (2003). It is noteworthy that the correction parameter C doesn't change
when measured at various wavelengths. On the other hand, R could show
wavelength dependency. Upon examining the R parameter, it was noted that
its fluctuation is dependent upon Atn:

batn = b1oyR(Atn) (13)
Here, the light attenuation coefficient batw, for which 10% is the value of

Atn, is approximated as bios. The following equation, then, provides a
mathematical expression for the parameter R:

R(A) = (l B 1) In(Atn) — In(10%) (14)
f In(50%) — In(10%)

In this equation, the variable f represents a function that characterizes the
slope of the curve, with its values varying for each wavelength and season
(Sandradewi et al., 2008). After Rm) is calculated, it is possible to improve
the formula for the mass concentration of BC:

b b
BC = abs — Atn +1 (15)
Oaps OAtn - R(Atn)

Nevertheless, upon further investigation, it was revealed that this
correction in the calculations is valid at 880 nm but tends to underestimate
multiple scattering at shorter wavelengths.

In addition to the main parameters, additional parameters are necessary
for a more detailed analysis. If we graphically represent the dependence of the
light absorption coefficient on the wavelength, we will observe a decreasing
curve in the direction of increasing wavelength. Such a change can be written
as a gradual dependence on the wavelength, and the resulting quantity is called
the absorption Angstrom exponent (AAE). AAE indicates the negative
coefficient of variation of the light absorption curve on a logarithmic scale.

AAE is proportional to the light absorption coefficient and can be
expressed as an index of the power of the wavelength A:
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babs X }\_AAE (16)

The AAE value is computed by utilizing the ratio of light absorption
coefficients at two specified wavelengths:

In <b absll)
b absi, (17)
M
In (E)

The research indicates that the principal combustion product may be
identified with the use of AAE values (Zotter et al., 2017; Qin et al., 2018;
Pauraité et al., 2022; Minderyté et al., 2022; Bycenkiené et al., 2023). AAE
values between 0.8 and 1.1 are representative of common aerosol particles that
come from transportation sources. On the other hand, somewhat higher AAE
values (1.2 to 2.9) are linked to BC from biomass burning and biofuels. The
maximum AAE values (AAE > 3.6) are used to determine BrC. According to
Qin et al. (2018), the wavelength dependency approach is used to estimate the
light intensity factor for BrC.

AAE = —

880)AAEBC (18)

babs,BC(370nm) = babs (880nm) — (ﬁ

babs,BrC(370nm) = babs (370nm) — babs,BC(370nm) (19)

The specified AAE value for black carbon light absorption (AAEgc) is
set at 1 (Sandradewi et al., 2008). The light absorption coefficient (baps,erc) for
BrC is calculated at 370 nm since it is not significant at 880 nm. Sandradewi
et al., (2008) introduced the Aethalometer model, which was used to evaluate
transport-derived organic aerosols (OA). This particular model serves to
enable the separation of black carbon mass concentration related to emissions
from transportation (BCtr) and biomass burning (BCgg):

470\AAETR (20)
babs (470nm) - (m)

%)AAEBB ~ (%)AAETR

babS,B CTR (880nm) =
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470\AAEBB (21)
babs (470nm) — (ggg5)

470 470
(6w0)  ~(sw0)
According to Zotter et al. (2017), AAEtr and AAEgg stand for the AAE

values in this context that relate to transport and different biomass burning
sources, with values of 0.9 and 1.68, respectively.

babs,BCBB (880nm) =

AAETR AAEgg

2.2.2.3 MAC value assignment for different OA sources

Estimating the specific contribution of each source to light absorption is
possible once the PMF model has determined the main sources of organic
aerosols (OA). A multiparametric regression equation was presented by Qin
et al., (2018) to calculate the contribution of each unique OA source to the
light absorption coefficient of brown carbon (BrC):

bapsprc = a +[0A1]l + b - [0A2] + - + 1, (22)

Here, the mass concentrations of different organic aerosols (OA) are
denoted by [OA;] and [OA;], and their corresponding mass absorption cross-
section (MAC) values are indicated by the multipliers a and b. The residue (r)
is assigned a BrC light factor value that is not associated with any particular
OA.

2.2.3  Particle number concentrations and size distribution method by Aerosol
particle sizer (APS)

For particle number size distribution within a size range from 0.5 to 10.0
um and number concentration assessment, an aerodynamic particle sizer
(APS—model 3221, TSI Inc., USA, 2004) was used. It is worth noting that
while the APS accurately determines the aerodynamic diameter for most
aerosol particles (Bartley et al., 2000), its counting efficiency (CE) exhibits
variability and is influenced by particle size, as demonstrated by Preifer et al.
(2016). For PM2s and PMjo calculation, we estimated the aerosol mass-
weighted aerodynamic concentration by utilizing the APS data, which
provided number-weighted particle size distributions (Peters et al., 2006;
Pauraité et al., 2021).
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i = an. Tops (Pelae¥)? 1 (23)
Dae — Daeg ae Cve (p )1/2
D

Where, Da Where, Dy is the aerodynamic diameter, dNp.e differential
number concentration for a given aerodynamic diameter, py is the density of
the particle, Dy is the volumetric equivalent diameter which can be calculated
from the definition of terminal velocity (Hinds, 1998), po is unit density (1 g
cm®), X is the dynamic shape factor, C.. — Cunningham correction factor
associated with aerodynamic diameter, and C.e — Cunningham correction
factor associated with volume equivalent diameter (Zhou et al., 2017). The
aerodynamic diameter is converted into the volumetric equivalent diameter for
this purpose. According to (Salcedo, 2006), the aerosol particle density, pp,
was estimated to be 1.80 g cm™, and the shape factor X was also assumed to
be 1.9 (Park et al., 2004).

2.2.4  Air Mass Backward Trajectories Techniques

The TrajStat software, presented by Wang et al., (2009), includes
trajectory statistics and a geographic information system. This system uses a
Potential Source Contribution Function (PSCF) model to determine the
proportion of pollution pathways within a given study area. The weighted
PSCF (WPSCF) is used to measure the impact on the concentration of a
particular object, with higher values indicating a greater impact (Guo et al.,
2021). However, a limitation of the WPSCF is that it is unable to represent
trajectories associated with specific pollution levels, as noted by Ashbaugh et
al., (1985). To overcome this limitation, the Concentration-Weighted
Trajectory (CWT) method developed by Hsu et al., (2003) is used. This
method calculates the weighted trajectory concentration and provides a more
nuanced understanding of the pathways of air masses with elevated
concentrations of organic aerosols (OA) and black carbon (BC) over a 72-hour
period. The main objective of this study is to identify the trajectories of air
masses with elevated OA and BC concentrations arriving at the measurement
site and to determine the geographical source regions of OA and BC. To
achieve this, three different methods are used to analyse the trajectories:
cluster analysis, PSCF and CWT. The spatial domain of the study covers
latitudes from 35° to 75° North and longitudes from -30° to 75° East, with a
resolution of 0.3° x 0.3°. The meteorological data required for the Hybrid
Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model are taken
from the NCEP/NCAR Reanalysis Archive, which allows analysis on a global
scale. This data enables the calculation of backward trajectories for air masses
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arriving at the measurement site every hour between 00 and 23 UTC. The
HYSPLIT model, which was developed by Draxler et al. (1998), uses the
NCEP/NCAR Reanalysis Archive to determine the backward movements of
the air masses. These trajectories are calculated at an hourly interval and
originate at an arrival altitude of 20 meters above ground level (AGL), as
defined by Guo et al. (2021). With this approach, the study aims to decipher
the intricate pathways by which air masses with elevated concentrations of
OA and BC traverse the studied geographic extent.
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3 RESULTS AND DISCUSSION
3.1 ldentification of NR-PM1 and eBC sources in different environments

In order to investigate NR-PM;and eBC sources in different environments, the
measurements were performed at different locations: Riigsteliskis (rural), and Vilnius
(urban) in Lithuania, and Quezon city east avenue (urban) and Manila port in
Philippines. The NR-PM; measurement were carried by using ACSM and eBC
measurement were performed by using AE in all measurement sites.

3.1.1 NR-PM; and eBC sources in Riigsteliskis rural environment

The NR-PM; measurements were conducted over a 5-year period (2013, 2014,
2016, 2018, and 2019) (Fig. 5A and Table 4), while eBC measurements were carried
out for 4 years (2013, 2014, 2018, and 2019) at the rural background site of
Rugsteliskis, Lithuania (Fig. 6A and Table 4).

Table 4. The average with standard deviation (Avg/SD), 25" and 75™ percentiles (Q1
and Q3, respectively), minimum and maximum (Min and Max, respectively) of NR-
PM; and eBC mass concentrations (ug/m?®) observed at four sites during measurement
campaign.

NR-PM; eBC
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~ ~
Avg 8.48 18.98 29.52 0.60 2.46 36.19 10.27
SD 5.25 11.82 19.62 041 1.99 16.02 5.99
Min 1.32 0.73 11.72 0.05 0.09 6.14 111
Q1 4.37 9.77 15.22 0.30 1.02 25.26 5.77
Q2 7.56 17.40 24.15 0.49 1.89 3261 9.20
Qs 11.44 25.56 39.66 0.81 3.19 43.65 1371
Max 33.01 64.96 108.38 271 1459 10454  35.82

The hourly average time series results indicated that higher
concentrations of organic aerosol (OA) particles were observed, with a mean
concentration of 29.20 ug/m?, contributing approximately 76.7% to the total
NR-PM: mass. In contrast, lower concentrations and contributions were
recorded for inorganic aerosol (IA) species: SO+~ (6.60 pg/m?; 15%), NOs~
(4.40 pg/m?; 10%), NHa" (2.80 png/m?; 7%), and CI- (0.48 png/m?; 1%) during
the years 2013, 2014, 2016, 2018, and 2019 (Fig. 5A and Table 5). Similar
results were reported in various long-term studies related to the chemical
composition of aerosol particles in a forest environment by Heikkinen et al.
(2020), Keskinen et al. (2020); and Kourtchev et al. (2013). Their results
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showed a higher contribution of organic aerosols in summer (80 — 88%) than
autumn (74 — 78%).

Table 5. The hourly average of NR-PM; and eBC mass concentrations (ug/m?®)
observed during 2013, 2014, 2016, 2018 and 2019 at Ragsteliskis (rural site).

Years OA (pg/m®)  SOA(ng/m®)  NOs(ug/m®)  NHs (pgm®)  Cl(pg/m®)  eBC (ng/md)
2013 21 7 4 4 1 0.54
2014 18 7 5 2 0.2 0.41
2016 32 4 3 1 0.8 -
2018 30 8 6 5 0.2 0.73
2019 45 7 4 2 0.2 0.71

Total average 29.20 6.60 4.40 2.80 0.48 0.60
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Manila port site (Philippines) (C).
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The hourly average time series analysis of equivalent black carbon (eBC) mass
concentration indicated higher levels in 2018 (0.73 pg/m® and 2019 (0.71 pg/m®)
compared to the concentrations observed in 2013 (0.54 ug/m®) and 2014 (0.41 pg/m®)
(Fig. 6A and Table 5). The findings of this research also resemble with the
previous studies such as Masalaite et al. (2022); Cui et al. (2021), Yttri et al.
(2019); Pauraité et al. (2015); Yttri et al. (2011), Bycenkiene et al. (2011) and
Carvalho et al. (2006). These earlier works similarly reported daily average
seasonal trends that confirm the impact of local biomass burning and long-
range transport on BC concentrations. Our comparison extends to other
European rural sites, as outlined in Table 6, which indicated that local biomass
burning and long-range transport enhance eBC concentration at rural
background sites in Europe, especially during cold periods. These findings
provide valuable insights into the temporal variations of both OA and IA, as well as
eBC, at the specified rural background site.

Table 6. The daily average of eBC mass concentration values at the different
European rural background sites carried out during different time periods.

Site Measurement Warm period  Cold Period  Instrument Reference
Period (Spring, (Autumn,
Summer), Winter),
eBC (ng/m®)  eBC (pg/m’)
Rugsteliskis 2013-2019 0.56 0.72 (AE31) (This Study)
(Lithuania)
Rugsteliskis 15 May- 27 Sep 0.11 (AE33) Masalaite et al.
(Lithuania) 2014 (2022)
Rugsteliskis May 2013 to 0.40 0.77 (AE33) Pauraiteé et al.
(Lithuania) October 2014 (2015)
Hyltemossa 01 Jan - 31 Dec 0.22 (AE33) Ahlberg et al.
(Sweden) 2018 (2023)
Ztoty Potok 01 January—31 0.79 2.17 (AE33) Btaszczak et al.
(Poland) March 2013 and 20 (2020)
April-31 July 2019
Montelibretti 2002-2003 1.03 (AE33) Yttri et al. (2019)
(Italy)
Ispra (Italy) 2002-2003 1.50 (AE33)
Payerne 2002-2003 0.66 (AE33)
(Switzerland)
K-puszta 2002-2003 0.77 (AE33)
(Hungary)
Kosetice (Czech 2002-2003 0.32 (AE33)
Republic)
Melpitz (Germany) 2002-2003 0.40 (AE33)
Mace Head 2002-2003 0.11 (AE33)
(Ireland)
Lille Valby 2002-2003 0.37 (AE33)
(Denmark)
Birkenes (Norway) 2002-2003 0.10 (AE33)
Hyytidld (Finland) 2007-2008 0.15 0.20 (AE33) Aurela et al.
(2011)
Hyytidld (Finland) Dec 2004 to Dec 0.28 0.36 (AE33) Hyvirinen et al.
2008 (2011)
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Vavihill (Sweden) 0 Aug - 02 Sept 0.30 (AE33) Yttri et al. (2011)

2009
Streithofen Jun. 1999 to May 1.8 (AE31) Carvalho et al.,
(Austria) 2000 (2006)
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Ragsteliskis rural site (Lithuania) (A) (Green), Vilnius city site (Lithuania)
(B) (Red), Quezon city site (Philippines) (C) (Black) and Manila port site
(Philippines) (D) (Blue).

The calculated yearly averages of NR-PM; mass concentration were 8.37 pug/m’,
6.67 pg/m’®, 4.91 ug/m? 9.86 ug/m® and 13.45 pg/m®for the years 2013, 2014, 2016,
2018, and 2019, respectively (Fig. 7A). These results revealed that the overall average
NR-PM: concentrations were higher in the more recent years, with 9.86 ug/m? in 2018
and 13.45 pg/m?® in 2019, compared to 8.37 pg/m? in 2013, 6.67 ug/m? in 2014, and
491 ug/m?® in 2016. In five years, the total average of NR-PM; concentration was
examined for spring (9.07 pg/m®), summer (8.75 pg/m®), and autumn (6.99 pg/m°)
(Fig. 7A). Notably, spring exhibited higher NR-PM; concentrations (9.07 pg/m°)
compared to summer (8.75 pg/m®) and autumn (6.99 pg/m®). However, the highest
NR-PM; mass concentration was observed during the spring of 2018 (9.23 pg/m®) and
2019 (14.20 pg/m®). In contrast, the highest NR-PM; mass concentrations in 2013,
2016, and 2018 were observed during the summer seasons (8.53 pg/m?®, 6.21 pg/m’,
and 10.88 pg/m’, respectively). Lower NR-PM; levels were noted during the autumn
seasons of 2013 and 2016 compared to 2014 and 2018. These variations may be
attributed to meteorological conditions, with higher NR-PM; levels associated with
warmer temperatures, lower relative humidity, and stronger wind speeds during spring
and summer (Heikkinen et al., 2020; Keskinen et al., 2020; and Kourtchev et al.,
2013).

Over the course of four years, the total seasonal average eBC
concentration was examined for spring (0.66 + 0.56 pg/m?), summer (0.46 +
0.34 pg/m?), and autumn (0.72 + 0.58 pg/m?) (Fig. 7E). Among these, autumn
had a higher concentration than the other two seasons. Notably, the autumn
presented the higher average concentration across the studied years such as
2013 (0.78 £ 0.62 ug/m®), 2014 (0.56 + 0.43 pg/m®) and 2018 (0.82 + 0.57
ng/m®) (Fig. 7E). This increase in autumn is primarily attributed to the start of
the heating season, during which there is a significant rise in the combustion
of solid fuels like wood, coal, and biomass for domestic heating. The burning
of these materials releases a substantial amount of black carbon into the
atmosphere. Additionally, the stable atmospheric conditions typical of
autumn, characterized by less wind and reduced vertical mixing in the air, also
contribute to higher concentrations of black carbon as pollutants remain closer
to the ground and disperse more slowly (Ahlberg et al., 2023). In the spring
season, higher concentration of eBC was observed in 2018 and 2019,
averaging 0.84 £ 0.65 ng/m? and 0.75 £ 0.40 pg/m?, respectively. These values
were approximately 27% and 14% higher than the overall spring seasonal
average (0.66 £ 0.56 pg/m?®), and 83% and 63% higher than the summer

seasonal average (0.46 + 0.34 pg/m?). Although autumn generally exhibited
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the highest seasonal average eBC concentration (0.72 + 0.58 pg/m?), spring
values in 2018 and 2019 were comparable to, or even exceeded, autumn levels
in some years such as 2014 (0.56 pg/m?®) and 2018 (0.82 pg/m?). These
elevated concentrations may be influenced by meteorological conditions that
contribute to increased atmospheric stability and reduced dispersion of
pollutants. For example, lower temperature and higher relative humidity can
facilitate to trap pollutants near the surface and create an environment
favourable to secondary organic aerosol formation, which may contain eBC
and increase its atmospheric loading (Blaszczak et al., 2020; Aurela et al.,
2011). In addition to that biomass burning and long-range transport, also
contribute to the seasonal increase in eBC concentrations (Bycenkiene et al.,
2011; Pauraité et al., 2015). Incontrast, the summers of 2013, 2014, 2018, and 2019
exhibited lower eBC concentrations (0.31 pg/m®, 0.28 pg/m?, 0.55 pg/m®, and 0.68
ng/merespectively than spring and autumn. This leads to increased vertical mixing
in the atmosphere and, combined with enhanced precipitation, facilitate the
washout of aerosol particles, thereby reducing atmospheric eBC levels
Hyvarinen et al. (2011). Furthermore, reduced use of residential heating and
lower agricultural burning during the summer contribute to decreased eBC
emissions The growth of summer vegetation also assists in capturing airborne
particles, further contributing to lower eBC concentrations (Cui et al., 2021).
At the Rugsteligkis rural site, interannual contrasts between summer and other
seasons suggest that cooler (average temperature around 14 °C) and more
humid conditions (relative humidity averaging 74%) are strongly correlated
with elevated eBC levels. These conditions, more prevalent in spring and
autumn, limit atmospheric dispersion and promote pollutant accumulation
near the surface.
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Fig. 7. NR-PMy (A, B, and D respectively) and eBC (E, F, G, and H
respectively) mass concentrations during four seasons (spring, summer,
autumn and winter) at Rugsteliskis rural site (Lithuania), Vilnius city site
(Lithuania), Quezon city site (Philippines) and Manila port coastal site
(Philippines). In the box plots, the boundary of the box closest to zero indicates
the 25™ percentile, a black line within the box marks the median, a (x) sign
within the box marks the mean, and the boundary of the box farthest from zero
indicates the 75™ percentile. Whiskers above and below the box indicate the
10™ and 90™ percentiles. Points above and below the whiskers indicate outliers
outside the 10™ and 90™ percentiles.

The diurnal trend analysis of NR-PM; and eBC at Rigsteliskis was
conducted for spring, summer, and autumn, as winter data were not available
during the measurement campaign. This provides a rural baseline for
comparative seasonal evaluation. Results indicated that OA showed higher
concentration (8.34 pug/m® 6.60 pg/m® and 5.62 pg/m?, respectively) during morning
hours (6 a.m. — 8 am.) and lower concentration (5.45 pg/m® 5.61 pg/m® and 4.69
ng/m®, respectively) during the afternoon (12 p.m. — 3 p.m.) in all the three seasons
spring, summer, and autumn respectively (Fig. 8A). Different studies conducted at
rural environment revealed that OA higher concentration during the morning hours is
due to lower boundary layer heights and remains elevated at night and early morning
because of primary emissions and the presence of a relatively stable boundary
layer. After sunrise, OA concentrations generally decrease during the daytime,
reaching their lowest values between 12 p.m. and 3 p.m. This trend is likely
influenced by the reduced formation of secondary organic aerosols (SOA) and
a higher atmospheric boundary layer during these hours (Carbone et al.,
(2017); Li et al., (2019) and Yu et al., (2021); Heald et al., (2005)). Nitrates
showed similar trend to organics and presented higher mass concentration (2.46 pg/m?,
1.02 pg/m® and 1.53 pg/m?, respectively) during morning hours (6 a.m. — 8 a.m.) and
lower mass concentration (0.98 pg/m? 0.62 pg/m*and 0.88 pug/m®, respectively) during
the afternoon (12 p.m. — 3 p.m.) in all the three seasons spring, summer, and autumn
respectively (Fig. 8A). A study conducted by Kiendler et al. (2016) and Sobanski
et al. (2017) found consistently lower concentration of nitrates throughout the
day inrural and suburban areas, attributed to higher planetary boundary layers
(PBL). Both studies elucidated that higher morning concentrations due to
photochemical processing, indicating a potential link between OA and NO3~
in rural environments. Sulphates exhibited higher concentrations (0.96 pg/m®, 1.03
ug/m®, and 1.36 pug/m°) during daytime (10 am. — 1 p.m.) and lower concentrations
(0.67 pg/m®, 0.82 pg/m®, and 1.07 ug/m?) during nighttime (1 a.m. —4 a.m.) across all
three seasons (spring, summer, and autumn) (Fig. 8A). A study carried out in a rural
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area by Wang et al. (2016) in a rural area observed diurnal variations in
sulphate concentrations, with higher concentration during the daytime as
compared to nighttime. The researchers attributed this trend to the
photochemical production of sulphate through the oxidation of sulphur
dioxide (SO.) in the presence of solar radiation. Additionally, findings by
Kundu et al. (2014) highlighted those various factors such as solar radiation,
temperature and PBL dynamics can affect the formation and transformation
of sulphate in the atmosphere. These factors can lead to elevated sulphate
levels during daylight hours. In addition to natural causes, human activities
such as industrial emissions and traffic related pollution near rural regions can
also contribute to the increased sulphate levels during the daytime when
industrial and transportation activities are at their peak.

Ammonium (NH.") mass concentration, however, did not show any clear
diurnal pattern over all three seasons. Retama et al. (2019) stated that NHs,
which is associated with waste disposal, sewage and traffic exhaust, reacts
with nitric acid (HNO3) and sulphuric acid (H,SO4) to form SO,*", NOs™ and
NH,4" particles. Gilardoni et al. (2016) proposed that agricultural operations,
including manure management and soil emissions, are responsible for the
majority of ammonia emissions worldwide. Ammonium acts as a counter ion
that balances the concentrations of NOs~ and SO4*". Therefore, the diurnal
trend of NH," is closely related of NO;~ and SO4*" mass concentrations and
respond to their variations. As the concentrations of NO;~ and SO4*” change
due to various factors such as emissions or long-range transport, NH,"
concentrations adjust accordingly to maintain equilibrium. For this reason, the
diurnal pattern of NH," does not show significant diurnal pattern because it
effectively stabilizes the fluctuations of NOs; and SO.* concentrations.
Previous studies by Marmureanu et al. (2020), Druge et al. (2019), and Bauer
et al. (2007) suggest that ammonia is generated primarily by agricultural
activities, which are less likely to exhibit diurnal trends. This is consistent with
the observed behaviour of NH4" in our study, where it does not show a clear
diurnal pattern, which is consistent with the role of NH," as a counter ion to
NO3~ and 8042_.

66



— Org —— S02~ —— NO; —— NH; — cCI-

12 Spring 412 Summer 412 Autumn 412 Winter
10 10 10
> 3 3 -
E'ME 8| sl 8 "‘E
£ 5 m | I G
=] 6 Hr o
22 9l 2 6 i _ 2 6 - 2
< g’ ! TR ¢ ; M e g
2 .:_! ’ ~ LT 2 ] - 2 m 1534
0
wnm 15 615 615 -
o E E
- =
Z 9 =
= 310 4 10 4 10 g
55 =
o
=4 <
mg s 25 2 5 =
[} (] oo
60 8 60 8 60
50 50 50
o~ 6 6 -
40 40 40
:
o
g 330 4 30 4 30 2
U Pao 20 20 o«
(=] 2 2 -
10 10 10
[}

O 4 8 12162024 "0 4 6 1262024 "0 4 8 1262024 "0 4 8 12 16 20 24
Time Time Time Time

Fig. 8. Diurnal trend of OA and IA (NOs, SO.*, NH," and CI) aerosol
particles mass concentration during four seasons (spring, summer, autumn and
winter) at Riagsteliskis rural site (Lithuania) (A), Vilnius city urban site
(Lithuania) (B), and Manila Port site (Philippines) (C). The square markers on
each data point indicate the standard deviation, showing variability at
measurement sites.

The diurnal variation pattern of eBC across the entire measurement period (four
years) in spring, summer, and autumn is depicted in Fig. 9A. In each of these seasons,
eBC exhibited higher mass concentrations (0.77 pg/m®, 0.51 pg/m?, and 0.76 pg/m’,
respectively) during the morning hours (8 a.m. — 12 p.m.) and lower concentrations
(0.60 pg/m® 0.38 pg/m®, and 0.60 pg/m?, respectively) during the late night hours
(12am. — 2 am.) (Fig. 9A spring, summer, and autumn, respectively). Planetary
Boundary Layer Height (PBLH) diurnal trend analysis was conducted for whole study
period. The analysis of PBLH shows significant diurnal variation, with lower heights
during the early morning and late evening hours. This compaction of the boundary
layer could trap pollutants like eBC close to the ground, exacerbating morning peaks
especially under stable atmospheric conditions when vertical mixing is minimal.
During the day, increasing solar heating raises the PBLH, facilitating pollutant
dispersion and contributing to lower eBC concentrations. Moreover, temperature
inversions observed during early mornings and late evenings hours further inhibit
vertical mixing, intensifying eBC concentrations near the surface. Additionally,
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meteorological factor diurnal trend analysis for three different seasons (spring,
summer, and autumn) were performed, which indicates that higher temperature, higher
wind speed, and lower relative humidity were observed during the daytime. These
conditions not only influence the dispersion and dilution of eBC but also correlate with
the diurnal cycle of the PBLH, highlighting the meteorological control over pollutant
behaviour across different seasons.

Similar findings were noted by Pauraité et al. (2015), which demonstrated that
eBC concentration levels are elevated in the morning, starting to rise from 5 a.m. and
reaching a peak at 8 a.m., while the evening levels are reduced due to turbulent mixing
and dispersion. Additionally, the concentrations of carbonaceous aerosol particles were
found to be almost twice higher during colder periods (0.77 pg/m?®) compared to
warmer periods (0.40 pg/m?), attributed to seasonal influences and distinct emission
sources such as residential biomass heating and the long-range transport of fossil fuel
emissions. Furthermore, in the study conducted in Hyltemossa, Sweden, Ahlberg et al.
(2023) recorded a climb in eBC concentrations to 0.11 pg/m® during early morning
hours (6 am. — 8 a.m.) and a decline to 0.08 ug/m® after midday (12 p.m. — 3 p.m.).
Similarly, Aurela et al. (2011) in Hyytidld, Finland, observed higher eBC
concentrations in the morning at 1.28 pg/m?® (6 am. — 9 am.) and lower eBC
concentration levels in the evening at 0.95 ug/m?® (3 p.m. — 6 p.m.). Hyvérinen et al.
(2011) also observed a morning eBC concentration peak of 1.34 pg/m?® (6 a.m. — 9
a.m.) at the Hyytidla station, which decreased to 1.11 pg/m?® after midday (12 p.m. —7
p.m.). These peaks were associated with residential wood burning, work-related traffic,
and long-range transport, which correspond with observed lower boundary layer
heights during these hours. Our study presents a detailed comparative analysis,
contrasting the magnitude and timing of diurnal peaks in eBC concentrations within
similar rural measurement sites across Europe. For example, the morning peak of eBC
concentrations in Lithuania align closely with those observed in Hyytiala, Finland, but
are significantly higher than those in Hyltemossa, Sweden. This discrepancy may be
linked to the more prevalent use of wood as a heating source in the Finnish and
Lithuanian sites during colder seasons, compared to the Swedish site, where alternative
heating methods may be more common. Additionally, the degree to which local versus
long-range sources affect these patterns appears to vary among the regions. In
Lithuania, the notable reduction in eBC concentrations during the evening hours in
colder months suggests a strong influence of local sources like residential heating,
which decreases overnight. In contrast, the Swedish data indicate a consistent influence
of long-range transport throughout the day, due to its geographic position and
prevailing wind directions. These observations underscore that eBC significantly
impacts rural environments, influenced variably by local and long-distance sources
such as biomass burning, work-related traffic, and long-range transport. This
comprehensive comparison underscores the importance of considering local source
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variations and atmospheric dynamics when analysing diurnal trends in eBC
concentrations.
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Fig. 9. Diurnal trend of eBC mass concentration during four seasons (spring,
summer, autumn and winter) at Ragsteliskis rural site (Lithuania) (A) (Green),
Vilnius city urban site (Lithuania) (B) (Red), Quezon city site (Philippines)
(C) (Black), and Manila port coastal site (Philippines) (D) (Blue). The square
markers on each data point indicate the standard deviation, showing variability
at measurement sites.

The source apportionment of equivalent black carbon (eBC) originating
from traffic and biomass burning was rigorously examined by utilizing the
Absorption Angstrém Exponent for vehicle transport related fossil fuel
combustion (AAEgs) and Absorption Angstrom Exponent for biomass burning
(AAEgg) values, as mentioned in Section 2.2.2.3.
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In Figure 10A we present a comprehensive time series of eBCg and
eBCgs, coupled with their respective contributions to the overall eBC mass
concentration during four years (2013, 2014, 2018, and 2019) measurement
campaign at Lithuanian rural site. The percentage contribution reveals that
during the 4-year measurement campaign eBC originating from fossil fuel
(eBCrr) accounted for 90% (average mass concentration — 0.52 ug/m?).
Whereas eBC originating from biomass burning (eBCgs) accounted for 10%
(average mass concentration — 0.06 ug/m®) of the total eBC mass
concentration (Fig. 10A). Our findings are in concordance with the results
reported by Yittri et al. (2011) and Yttri et al. (2019). Their study, conducted
at various European rural locations, indicated that the contribution of fossil-
fuel-related black carbon was higher than wood-burning-related black carbon
at all sites throughout the sampling period. Another study conducted by
Hienola et al. (2013) at Hyytiéla, Finland, demonstrated that within the local
and regional emissions, long range transport and domestic combustion
(mainly wood burning) are the key sources of black carbon. In addition to that
Kupiainen et al. (2006) reported that the main sources of carbonaceous
aerosols in European rural areas are emissions from fossil fuel and residential
biomass burning.

The persistent dominance of fossil fuel-derived equivalent black carbon
(eBCer), as highlighted by our results, calls for a discussion on the regional
efforts aimed at curbing these emissions. As reviewed in multiple studies, the
past decade has witnessed numerous policy measures across Europe, including
Eastern Europe, aimed at curtailing fossil fuel consumption. As reported by
Drewnicki et al. (2024), the European Union's “2020 Climate and Energy
Package”, which establishes objectives for decreasing greenhouse gas
emissions and enhancing energy efficiency, has played a crucial role in
influencing fossil fuel consumption patterns. Despite these policy
measures, our analysis reveals that substantial levels of eBCegr
remain, suggesting that such initiatives may not be fully effective or are
implemented inconsistently across different regions. Studies on industrial and
economic developments in Eastern Europe, such as those by Radovanovi¢ et
al. (2022), indicate that the reliance on fossil fuels is still prevalent due to
economic limitations, concerns over energy security, and the gradual nature
of the shift to renewable resources. Additionally, fossil fuels continue to be a
more affordable and readily available energy option, which further impedes
the transition to renewable energy sources (Rabbi et al., 2022). These factors
significantly contribute to the persistent levels of fossil fuel-derived related
eBC. Moreover, Khabarova et al. (2019) discuss the ongoing dependence on
outdated, coal-intensive technologies in industries and the slow progress in
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modernizing energy sectors, which compounds this challenge. These elements
underscore the complex relationship between policy intentions and tangible
outcomes in various regional settings.
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Fig. 10. Time series and contributions of the hourly average eBCrrrr and
eBCags to the total eBC, as well baps BrC and bass €BC to the total bass (Mm™)
mass concentration at Ragsteliskis rural site (Lithuania), Vilnius city urban
site (Lithuania), Quezon city site (Philippines) and Manila port site
(Philippines).

Equivalent black carbon (eBC) and brown carbon (BrC) have different
spectral dependences, with brown carbon being expected to strongly absorb in
UV range. Figure 10A depicts the time series of the light absorption
coefficients of eBC and BrC during four years (2013, 2014, 2018, and 2019)
measurement campaign at Lithuanian rural site. The light absorption
coefficient of BrC at 370 nm (bass, erc) Varied spatially from 0.02 to 0.80 M
m™L. The bas, eac showed slightly higher contribution of 86% (average mass
concentration — 0.57 pug/m?) to light absorption at a lower wavelength (370
nm) in 2013, 2014, 2018, and 2019 (Fig 10A). Whereas the contribution of
BrC was only 14% (average mass concentration — 0.09 ug/m®) during the
measurement campaign (Fig 10E). According to the studies by Liu et al.,

(2018) and Qin et al., (2018), it is obvious that the major source of BrC was a
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biomass burning but there are several other known sources, e.g., biofuel
combustion, photo-oxidation of anthropogenic and biogenic volatile organic
compounds, or agueous-phase chemical reactions (Wang et al., 2016; Pokhrel
etal., 2017). Our findings are consistent with the results reported by Masalaite
et al., (2022) which showed that BrC was affected far more by biomass
burning than by biogenic origin sources.

The meteorological parameters along with NR-PM; and eBC were systematically
recorded at 1-hour intervals throughout the measurement campaign at Riigsteliskis
(rural site), asillustrated in Fig. 11A, 11E, and 111. Daily average T, RH, WS, WD
observed at RagsteliSkis station are presented in Table 7 (the number after “+”
shows standard deviation).

Table 7. The daily average of meteorological factors (relative humidity (RH), wind
speed (WS), temperature (T), and wind direction (WD) observed at four sites during
measurement campaign.

RugsteliSkis Vilnius Quezon Manila Port
(Rural site) (Urban site) (Urban site) (Coastal site)
RH (%) 74 81 66 69
WD () 185.73 156.57 211.90 12391
WS (m/s) 1.34 1.23 0.33 1.42
T (°C) 14 2 27 27

The wind rose analysis conducted for NR-PM; and eBC revealed predominant
wind directions originating from the south (S), southwest (SW), south-southwest
(SSW), southeast (SE), south-southeast (SSE), west (W), northwest (NW), and west-
northwest (WNW) during the measurement period Fig. 11A. This depiction is derived
from 1- or 2-minute wind speed and direction data, showcasing occasional wind speeds
exceeding 5 m/s at the measurement site during measurement campaign. Within the
wind rose diagram, each segment's length signifies the frequency of winds originating
from a specific direction sector over time. Coloured sections within each segment offer
insights into the frequency distribution of wind speed ranges. In order to determine the
wind direction contributing to the highest NR-PM;and eBC concentration levels in
Ragsteliskis during measurement campaign, the NR-PM; and eBC concentrations
were categorized by wind direction. The Fig. 11E and 111 presents the polar plot which
indicated the measured NR-PM; and eBC concentrations Rugsteliskis during
measurement campaign. In these plots several additional and interesting features can
be seen. The length of the slices represents the frequency of wind blows from a certain
direction, and the colour diagram represents the NR-PM; and eBC average mass
concentration. Wind direction range was described clockwise, for example, north,
south- indicates wind range from north to south clockwise. During the whole campaign
the prevailing wind direction was from the north, east and south (Fig. 11E and 11I).
However, the diagram indicates that the higher NR-PM;and eBC concentrations could
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be linked with dominant wind directions and higher wind speed from the northern,
eastern and southern directions during whole measurement period (Fig. 11E and 111).
These directions may correspond to regional or local sources, for example, agricultural
fields and residential areas are located to the south and east of the site, while the north
may reflect long-range transport. Consequently, the study infers that organic species,
including organic aerosols and organic nitrates, predominantly originate from local
sources. In contrast, inorganic aerosol particles, such as inorganic nitrates, ammonium,
sulphates, and black carbon, may have originated elsewhere and subsequently been
transported to the sampling location. Since, Ruigsteliskis is located far away from the
sea, major roads and power plants, there are no volcanoes in the area, and only small
amounts of biomass are burned, therefore is very likely that not only inorganic aerosols
but also its precursor species are brought by long-range transport to this rural site.
Furthermore, source apportionment of eBC revealed that within the local and
regional emissions, long range transport and domestic combustion (mainly
wood burning) are the key sources of black carbon in rural areas.

Rugsteliskis (Rural Site) Vilnius (Urban Site) Quezon (Urban Site) Manila (Coastal Site)
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Fig. 11. Wind rose diagrams and open-air polar plots for NR-PM;and eBC showing
wind speed (WS) and wind direction (WD) frequency at Riigsteliskis rural site
(Lithuania) (A, E, 1), Vilnius city urban site (Lithuania) (B, F, J), Quezon urban site (C,
K) and Manila port coastal site (Philippines) (D, H, L). The distance from the origin
indicates wind speeds in m/s. The wind speed grid lines are presented with black
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circles. The colour scales represent the PM; concentrations observed with each wind
speed and direction combination.

3.1.2 NR-PM; and eBC sources in Vilnius urban environment

In the urban environment of Vilnius (Lithuania), measurements of NR-PM; and
eBC were conducted during the winter of 2014 (January — February) as depicted in
Fig. 5B, Fig. 6B, and Table 4. The time series results indicated that the maximum
hourly average mass concentration of organics reached 58 pg/m® throughout the
measurement period. The maximum hourly average mass concentrations of NOs,
NH4*, SO, and CI” were 17 pg/m?®, 14 ug/n?®, 8 ug/m?, and 4 pg/n?’, respectively, of
the total NR-PM mass (Fig. 5B). Additionally, eBC reached a maximum hourly
average mass concentration of 14.59 pg/m?® (Fig. 6B). The high contribution of
ammonia mainly came from the agriculture sector. Thus, it can be concluded that
ammonia was long-range transported to the measurement site from more distant
locations. The nitrate mainly came from oxidation processes of gaseous NOx onto pre-
existing particles or through new particle formation. It can be concluded that the nitrate
content reflects the contribution of transport exhaust to the chemical makeup of aerosol
particles, as there are no other significant sources of NOx in Vilnius. The exceptional
meteorological conditions also influenced the increase in pollutant emissions from
combustion processes, contributed to the changes in the composition of the
carbonaceous particles, and resulted in changes in their transport characteristics.
Throughout the monitoring periods, a maximum temperature of 2°C and a minimum
temperature of -25 °C were recorded, underscoring the role of weather conditions in
shaping the aerosol dynamics in the urban environment of Vilnius during the winter
season. Throughout the measurement period in Vilnius during the winter season, an
analysis was conducted on the total average mass concentration of NR-PM; and eBC
(Fig. 7). The findings indicate that the average concentration of NR-PM; was (18.98 +
11.82 pug/n?’), as depicted in Figure. 7B, while the average concentration of eBC stood
at (2.46 = 1.99 pug/n?), as illustrated in Figure. 7F.

The diurnal trend analysis was performed for organics, inorganics and eBC (Fig.
8B and Fig. 9B). The results revealed distinct patterns for each component. Organic
aerosols exhibited two prominent peaks with higher concentrations (10.85 pg/m® and
14.50 pg/m®) during the morning hours (5 am. — 8 am.) and late evening hours (10
p.m. — 11 p.m.), along with a lower mass concentration (7.93 pg/m®) during the
afternoon (12 p.m. —4 p.m.) (Fig. 8B). Nitrates and ammonium demonstrated a similar
trend, displaying elevated mass concentrations (3.72 pg/m® and 3.60 pg/m’,
respectively) during the morning hours (8 a.m. — 10 am.) and lower concentrations
(2.87 ug/m?® and 3.06 pg/m®, respectively) in the afternoon (2 p.m. — 4 p.m.) (Fig. 8B).
The study conducted by Minderyté et al. (2022) at the same site revealed that

the diurnal pattern of nitrate concentration showed two peaks during the day
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and evening, which are attributed to anthropogenic sources related to traffic
emissions. Nitrate ions form via the oxidation of NO2, which is a primary
indicator of vehicle exhaust emissions. Sulphates and chloride showed quite
similar trend to each other and presented higher mass concentration (2.01 pg/m® and
0.37 png/m®, respectively) during late evening hours (8 p.m. —9 p.m.) and lower mass
concentration (1.64 ng/m® and 0.24 pg/m?®, respectively) during the evening hours (4
p.m. — 6 p.m.) (Fig. 8B). In a study conducted by Minderyté et al. (2022), it was
revealed that the highest sulphate concentration occurred at 4 p.m. This suggests that
the concentration of this pollutant primarily depends on the condensation of SO;
oxidation products, indicating a secondary origin. It is important to note that the main
source of SO, emissions is energy production and distribution; therefore, higher SO,
and sulphate concentrations are typically observed during the heating season (Teinild
etal.,, 2019).

Additionally, the diurnal trend of eBC displayed two peaks of high concentration
(3.14 ug/m® and 2.83 pg/m®) during the morning hours (8 a.m. — 10 a.m.) and evening
hours (6 p.m. —8 p.m.), along with a lower mass concentration (1.68 pg/m®) inthe early
morning hours (4 am. — 6 am.) (Fig. 9B). Higher concentration peaks were directly
related rush hours whereas the reduction in pollution was directly influenced by the
low relative humidity of the air. Similarly, Minderyté et al. (2022) found that black
carbon (BC) concentration varied significantly throughout the day. Higher
concentration peaks were observed in the morning and evening, while lower
concentrations were noted during the day. This pattern may be linked to the increased
use of transportation during morning and evening rush hours, as well as higher
domestic heating (cooking activities) during these times.

A comprehensive time series illustrating eBCe and eBCgg, along with their
respective contributions to the overall eBC mass concentration during the
measurement campaign at the Lithuanian urban site is presented in Fig. 10B. The
percentage contribution reveals that, throughout the measurement campaign, eBC
originating from fossil fuels (eBCr¢) accounted for 85% (average mass concentration
— 2.00 pg/m?), while eBC from biomass burning (eBCggs) constituted 15% (average
mass concentration — 0.36 ug/m?’) of the total eBC mass concentration (Fig. 10B).
Remarkably, the predominant contribution of eBCrr, surpassing that of eBCgg,
persisted throughout the entire measurement campaign. This dominance is associated
with fossil fuel related pollution from local sources and long-range transport.
Furthermore, Fig. 10F illustrates the time series of the light absorption coefficients of
eBC and BrC at the Lithuanian urban site. The baxsesc exhibited a higher contribution
of 82% (average mass concentration — 2.34 ug/n?’) to light absorption at a lower
wavelength (370 nm) during the campaign (Fig. 10F), while the contribution of BrC
amounted to 18% (average mass concentration — 0.51 pg/m?). The probable source of
BrC at this site is attributed to biomass burning, particularly during the cold season
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(By€enkiené et al., 2023; Minderyté et al., 2022; Pauraité et al., 2019).

The urban measurement site was subjected to a comprehensive analysis that
included wind rose and polar plot assessments for NR-PM; and eBC, as shown in
Figures 11B, 11F, and 11J. Daily average T, RH, WS, WD observed at Vilnius
(urban site) during measurement campaign is presented in Table 7. The wind
rose analysis revealed that the prevailing winds throughout the measurement campaign
at the measurement site were predominantly from the west (W), northwest (NW), east
(E), northeast (NE), south (S), southeast (SE), south (S) and southwest (SW) (Fig.
11B). The analysis of the polar diagrams also confirmed the predominant wind
directions from the west, north, east and south (Fig. 11F and 11J). However, the
diagrams showed a remarkable correlation between higher concentrations of NR-PM;
and eBC with the prevailing wind directions and increased wind speeds, particularly
from westerly directions, throughout the measurement period (Fig. 11F and 11J).
These westerly directions likely reflect impact from industrial zones and traffic-
intensive areas located to the west of the sampling site, while easterly WD may include
contributions from suburban areas and potential regional transport. It can be deduced
that the concentrations of NR-PM; and eBC in Vilnius originate from both local
sources and long-distance transport to the sampling site.

3.1.3 NR-PM; and eBC sources in Quezon urban environment

The measurement of eBC in Asian urban environment were carried out between
29" January 2020 to 26" February 2020 at Quezon City's East Avenue (Philippines)
(Fig. 6C and Table 4). The maximum hourly average eBC mass concentration reached
up to 104.54 pg/m?® throughout the measurement campaign at the Quezon City site.
Examining the entire measurement period, the average eBC concentration for the
winter season was determined to be 35.97 + 16.20 ug/n?® at the QCG site (Fig. 7G). In
the Philippines, particularly in urban centers like Metro Manila, various studies using
AE31 data have uncovered the concerning levels of elevated eBC concentrations.
Research by Alas et al. (2018) and Maduefio et al. (2022) demonstrated that high eBC
mass concentrations were primarily caused by vehicle emissions and industrial
activities within the area. According to Maduefio et al. (2022), a five-month
investigation in Manila disclosed that eBC mass concentrations are 2 to 17 times
greater than those observed in urban and traffic-related areas of India, China, Europe,
and the USA. However, the annual average eBC concentration in Manila has yet to be
determined.

Expanding the scope to other Asian countries, the struggle with elevated eBC
levels is a common issue, often linked with rapid urbanization and industrial
growth. Noteworthy studies by Kumar et al. (2020), Dumka et al. (2019), and Bisht et
al. (2019) in India; Bilal et al. (2022) in Pakistan; Quang et al. (2021) in Vietnam; Chen

et al. (2019) in China; and Shakya et al. (2017) in Nepal all underscore the significant
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impact of traffic and industrial sources on eBC concentrations. Comparing these
findings with our results, it is evident that urban and industrial emissions are consistent
drivers of higher eBC levels across various regions. Local regulatory frameworks and
the intensity of industrial activities also significantly influence eBC concentrations. For
example, the eBC levels at QCG site are significantly higher than those reported in
densely populated urban areas of India and Nepal, predominantly due to the
concentration of traffic and industrial emissions. Therefore, it is vital to develop tailored
strategies that consider unique urban characteristics and regulatory contexts to
effectively mitigate eBC pollution and enhance public health. Table 8 provides a
comparative analysis of the daily average eBC mass concentrations observed at these
sites against the backdrop of global research, emphasizing the pressing need for
effective emission reduction measures.

Furthermore, diurnal trend analysis revealed two distinct peaks in eBC
concentration, with values of 63.45 + 10.61 pg/m? and 43.48 ng/m® observed during
the morning hours (6 am. — 8 am.) and late evening hours (10 p.m. — 11 p.m.),
respectively. In contrast, lower mass concentrations (23.43 + 10.61 pg/m’) were
recorded during the daytime (12 p.m.—2 p.m.) (Fig. 9C). Similar studies conducted by
Kecorius etal. (2017), Kecorius et al. (2019), Alas et al. (2018), Maduefio et al. (2019),
Maduefio et al. (2022) and Tonisson et al. (2020) at similar site revealed that in the
morning rush hours eBC higher mass concentration may be ascribed to enhanced
traffic emissions from cars and jeepneys, whereas late at night higher concentration
may mostly be associated with emissions from diesel trucks. The heavy diesel trucks,
which are major emission sources of eBC were allowed to enter the city from 10pm to
7 a.m. and banned during morning rush hours (Alas et al., 2018) therefore less emission
observed than morning rush hours. Furthermore, different factors such as increased
mixing layer and higher wind speed decreased the eBCtr concentration during daytime
at QCG site. Whereas, during late night hours lower wind speed and lower mixing
layer enhanced eBC concentration.

Source apportionment analysis of eBC indicated that during the
measurement campaign the transport sector (eBCtr) contributed 80%
(average mass concentration — 25.01 pg/m®) of the total eBC mass
concentration, while biomass burning (eBCgg) accounted for the remaining
20% (average mass concentration — 6.07 pg/m?) (Fig. 10C). At the QCG site,
where eBC+r also played a more substantial role, the primary source of eBC
was likely linked to pollution stemming from on-road transport. The urban
landscape of Quezon City typically features a dense network of roads, and the
traffic-related emissions, especially from vehicles such as diesel-powered
Jeepneys and light duty vehicles (Kecorius et al., 2017; Maduefio et al., 2019;
Alas et al., 2018). According to studies conducted at the Quezon City site by
Tun et al. (2019), Salvador et al. (2022), and Pabroa et al. (2022), significant
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sources of biomass burning-derived eBC include domestic and commercial
cooking, particularly involving charcoal. Additionally, studies carried out by
Liu et al. (2018) and Qin et al. (2018) have shown that biomass burning during
cooking activities was the main source of BrC in Quezon City.

Fig. 10G illustrates the hourly average time series and contribution of
light absorption coefficients for eBC and BrC during the measurement
campaign at the QCG site. At a lower wavelength (370 nm), eBC contributed
78% (average mass concentration — 28.23 pug/m?) to light absorption, while
BrC contributed 22% (average mass concentration — 7.79 ug/m?®). These
findings are comparable to those reported in other urban locations such as
Manaus, Brazil; Singapore; Lyon, France; Kathmandu, Nepal; and
Guangzhou, China, which reported BrC contributions of 15%, 15%, 20%,
25%, and 25%, respectively (De Sa et al., 2019; Kasthuriarachchi et al., 2020;
Zhang et al., 2020a; Kim et al., 2021; Qin et al., 2018) (Table 9). Similar to
our study sites, fossil fuel and traffic-related emissions were identified as the
main contributors in these locations, with lower contributions from biomass
burning sources. In contrast, lower BrC contributions were observed in other
urban areas. For instance, Panyu, Xianlin, and Xianghe in China reported BrC
contributions of 2%, 5%, and 10%, respectively, while Athens, Greece, and
Gwangju, Korea, both recorded contributions of 10% (L. et al., 2019; Liakaou
et al., 2019; Wang et al., 2018b; Yang et al., 2009; Park et al., 2019) (Table
9). Higher BrC contributions were observed in several European and Asian
urban areas, such as Bordeaux, Nantes, Rouen, Poitiers, Marseille, Reims, and
Grenoble in France, each reporting BrC contributions of 30%, and Chiang
Mai, Thailand, and Beijing, China, reporting values of 45% and 46%,
respectively (Zhang et al., 2020a; Pani et al., 2021; Xie et al., 2019) (Table 9).
These elevated BrC levels are primarily attributed to residential wood burning
and biomass burning, indicating that these areas are significantly influenced
by these combustion sources.

Meteorological analysis for eBC mass concentration at the QCG site (Fig.11C,
and 11K) indicated that winds primarily originated from various directions including
west (W), southwest (SW), west-southwest (WSW), north (N), northwest (NW),
north-northwest (NNW), and west-northwest (WNW). To determine the wind
direction conditions contributing to the highest eBC concentration levels at the QCG
site during the measurement campaign, eBC concentrations were categorized by wind
direction. Daily average T, RH, WS, WD observed at Quezon urban
environment during measurement campaign is presented in Table 7. The
Fig. 11K presents a polar plot illustrating measured eBC concentrations at the
measurement site. Although the prevailing wind direction during the campaign was
fromthe north and east directions, the diagram suggests that higher eBC concentrations

78



could be linked to dominant wind directions and higher wind speeds from the eastern
directions throughout the measurement period. These eastern WD likely represent
emissions from densely populated areas with heavy vehicular traffic and residential
activities located to the east of the sampling site. As a result, it can be concluded that
eBC concentrations at the QCG site originate from both local sources and long-range
transport to the sampled location.

Table 8. Comparative analysis of mean hourly and daily averages, maximum daily
and hourly concentration values, and diurnal trends of various airborne pollutants at
the Port site and QCG site, highlighting differences in pollutant levels between the
different sites.
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OA (Port) ACSM 23.68 16.4 99.5 23.36 8.94 40.47 29.43 12.22 This
Study
SO4* (Port) ACSM 3.09 2.6 18.0 3.14 1.55 6.84 4.89 1.91 This
Study
NO;™ (Port) ACSM 1.18 1.32 11.2 1.18 0.52 2.01 3.08 0.37 This
Study
NH,* (Port) ACSM 1.19 1.02 6.96 1.2 0.56 2.26 2.16 0.58 This
Study
CI- (Port) ACSM 0.47 0.78 6.9 0.47 0.28 1.15 1.03 0.07 This
Study
eBC (Port) AE31 10.27 5.99 35.82 10.32 3.01 15.25 15.57 5.05 This
Study
eBC (QCG) AE31 35.97 16.2 104.54 34.08 7.29 44.25 63.45 23.43 This
Study
eBC (Port) AE33 16.0 3.0 70.21 Cadon
don et
al.
(2024)
eBC Manila AE33 25.7 Alas et
(PHL) al.
(2018)
eBC AE33 36.7 Madue
(Quezon, fio et
PHL) al.
(2022)
eBC (Delhi, AE31 13.57 Kumar
India) etal.
(2020)
eBC (Delhi, AE33 7.2 Dumka
India) etal.
(2019)
eBC (Delhi, AE33 14.91 Dumka
India) etal.
(2019)
eBC (Delhi, AE33 7.89 Bisht
India) etal.
(2019)
eBC AE33 217 Bilal et
(Lahore, al.
PAK) (2022)
eBC (Hanoi, AE33 325 Quang
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Vietnam)

eBC AE31
(Guangzhou,
China)
eBC AE33
(Kathmandu,
Nepal)
eBCgs (Port)  AE31 1.28 0.72
eBCrs (Port)  AE31 7.75 5.34
eBC (Port) AE31 8.36 5.92
BrC (Port) AE31 2.06 2.1
eBCgg AE31 6.06 2.24
(QCG)
eBCrr AE31 24.95 14.85
(QCG)
eBC (QCG) AE31 28.16 14.59
BrC (QCG) AE31 7.77 3.44
PM_5 (Port) APS 32.24 14.25
PMy, (Port) APS 47.45 19.2
PM_ 5 APS 85.38 36.52
(QCG)
PMyo (QCG) APS 129.46 51.2

573

35.39

435

26.1

17.52

102.48

102.9

24.58

92.98

117.95

236.37

273.34

20.5

15.0

1.28

7.88

8.47

2.06

59

24.08

27.31

7.57

0.61 5.73 1.86 0.77
431 35.39 12.24 3.65
4.8 435
1.68 26.1
2.13 17.52 8.49 4.79
12.67 102.48 47.69 13.97
1292 1029
3.26 24.58

92.98

117.95

236.37

273.34

etal.
(2021)
Chen
etal.
(2019)
Shakya
etal.
(2017)
This
Study
This
Study
This
Study
This
Study
This
Study
This
Study
This
Study
This
Study
This
Study
This
Study
This
Study
This
Study

Table 9. Percentage contributions of bapsesc and bapsarc t0 baps at different worldwide

urban locations.

Location BrC eBC Reference
(%) (%)

Panyu, China (Nov. 2014-Jan. 2015; 370 nm) 2 98 Lietal. (2019)
Athens, Greece (May 2015-Apr. 2019; 370 nm) 5 95 Liakaou et al. (2019)
Xianlin, China (Jun. 2013-May 2016; 365 nm) 10 90 Wang et al. (2018b)
Xianghe, China (Mar. 2005; 370 hm) 10 90 Yang et al. (2009)
Gwangju, Korea (Oct.—Nov. 2017; 370 nm) 10 90 Park and Yu, 2019
Manaus, Brazil (15 Aug.—15 Oct. 2014; 370 nm) 15 85 de Sa et al. (2019)
Singapore (May-Jun. 2017; 370 nm) 15 85 Kasthuriarachchi et al. (2020)
Lyon, France (Winter, 2014-2015; 370 nm) 20 80 Zhang et al. (2020a)
Manila Port, Philippines (Dec—Jan 2019-20; 370 nm) 20 80 Gill et al. (2025)
QCG, Philippines (Jan—Feb 2019-20; 370 nm) 22 78 Gill et al. (2025)
Kathmandu, Nepal (2013-2014; 370 nm) 25 75 Kim et al. (2021)
Guangzhou, China (Nov. 2014-Jan. 2015; 370 nm) 25 75 Qin et al. (2018)
Bordeaux, France (Winter, 2014-2015; 370 nm) 30 70 Zhang et al. (2020a)
Nantes, France (Winter, 2014-2015; 370 nm) 30 70 Zhang et al. (2020a)
Rouen, France (Winter, 2014-2015; 370 nm) 30 70 Zhang et al. (2020a)
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Poitiers, France (Winter, 2014-2015; 370 nm) 30 70 Zhang et al. (2020a)

Marseille, France (Winter, 2014-2015; 370 nm) 30 70 Zhang et al. (2020a)
Reims, France (Winter, 2014-2015; 370 nm) 42 58 Zhang et al. (2020a)
Grenoble, France (Winter, 2014-2015; 370 nm) 42 58 Zhang et al. (2020a)
Chiang Mai, Thailand (Mar.—Apr. 2016; 370 nm) 45 55 Pani et al. (2021)
Beijing, China (Nov.—Dec. 2016; 370 nm) 46 54 Xie etal. (2019)

3.1.4 NR-PM; and eBC sources in Manila coastal environment

The measurements of NR-PM; and eBC in the coastal environment were
conducted between 20" December 2019 to 25" January 2020, at Manila's (Philippines)
North Port (Fig. 5C, Fig. 6D and Table 4). The total PM; mass concentration of the
non-refractory species ranged from a few pg/m®, with the maximum hourly average
reaching up to 108.38 pg/m® Throughout the campaign, OA emerged as the
predominant component of NR-PM;, constituting a mean hourly average of 80%
(23.68 + 16.40 pg/m?>). While sulphate constituted the second-largest fraction of 10%
(3.09 + 2.60 pg/m’) of the total NR-PM; mass (Fig. 5D). Notably, nitrates and
ammonium exhibited an equivalent contribution of 4% each (1.18 + 1.32 ug/m® and
1.19 + 1.02 pg/m’) to the total NR-PM; mass (Fig. 5D). In contrast, chloride
represented a minor fraction, ~2% (0.47 + 0.78 ug/m®) (Fig. 5D). Comparable studies
conducted at different locations provide additional insight into the composition of NR-
PM;,. The study conducted by Stavroulas et al. (2021) at port city Piraeus, Greece,
similarly highlights the higher concentration of OA (67%), than inorganics such as
SO# (19%), NH," (7%), NO3 (6%), and CI" (1%) in urban atmospheric composition.
In a study conducted by Gani et al. (2019) in Delhi, India, OA similarly dominated and
accounted for 50% of NR-PM; mass. Ammonium, chloride, and nitrate individually
constituted approximately 10%, while sulphate contributed roughly 5% to the NR-PM;
mass. Another study conducted in Delhi, India by Patel et al. (2021) showed a higher
fraction of OA (78%) and lower fraction of sulphate (20%). Similarly, Warden et al.
(2022) in the research in Kathmandu, Nepal, observed that average NR-PM; was
composed by mass of OA (35%), SO (21%), NH," (7%), NOs (3%), and CI (2%).
Nitrate aerosols are primarily formed through the oxidation of nitrogen oxides
(NOy), which are significant traffic-related pollutants (Draxler et al., 1998).
NOx gases, predominantly emitted from vehicle exhausts, react with other
atmospheric components under sunlight to form secondary inorganic aerosols
such as nitrates. The concentration of these pollutants is notably higher in
urban areas with dense traffic, underscoring the direct impact of vehicle
emissions on the chemical composition of urban aerosols (Sun et al., 2011).
These emissions are particularly potent during peak traffic hours, leading to
increased rates of nitrate formation in the atmosphere (Carslaw et al., 2005).
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Additionally, the variation in vehicle types and fuel qualities across different
regions can further affect the NOx emissions profile and, consequently, nitrate
aerosol levels. Besides traffic, industrial activities and agricultural operations
also contribute to the ambient NOx levels, further influencing nitrate aerosol
concentrations (Fan et al., 2023).

Additionally, the mean hourly average eBC mass concentration at the Manila Port
site was 10.27 = 5.99 pg/m?®, as shown in Fig. 6D. The maximum hourly average eBC
mass concentration reached up to 35.82 pg/m® at the Manila Port site (Fig. 6D).
Different studies conducted at Manila, Philippines, unveiled the alarming presence of
elevated eBC concentrations. For example, studies conducted by Alas et al. (2018)
revealed that higher eBC mass concentrations were attributed to emissions from
vehicles and industrial activities in the region. Recent findings by Cadondon et al.
(2024) at Manila Port reported that atmospheric particle pollution is predominantly
from local anthropogenic sources, such as ship emissions and industrial activities.
Moreover, the air mass backward trajectories analysis indicated that, although air
masses originated from the Pacific in the Southeast region of the study area, high factor
loadings were of local anthropogenic origins. Beyond the Philippines, other Asian
countries have also struggled with elevated eBC levels, often associated with rapid
urbanization and industrial expansion. Notably, research conducted by Talukdar et al.
(2021) in India, Quang et al. (2021) in Vietnam, Chen et al. (2019) in China, and
Shakya etal. (2017) in Nepal, highlighting the influence of traffic and industrial sources
on eBC concentrations. On the other hand, our study showed the lower eBC levels at
the Port site compared to the QCG site indicate stricter local regulations or lower
industrial activity. Differences in measurement approaches used in various studies also
contribute to discrepancies in reported levels. Table 8 provides a comparative analysis
of the daily average eBC mass concentrations observed at various measurement sites
against the backdrop of global research, emphasizing the pressing need for effective
emission reduction measures. The total average mass concentrations of NR-PM; and
eBC during the winter season at Manila Port were of 29.52 pg/n?® and 10.27 ug/m?,
respectively (Fig. 7D and Fig. 7H).

The Fig. 8C and Fig. 9D present the diurnal trend analysis of NR-PM; and eBC
during the measurement campaign. The results reveal distinct patterns for different
aerosol components. Organic aerosols exhibit two prominent peaks, with higher
concentrations at 29.43 pg/m® and 40.02 pg/m® during the morning hours (6 a.m. —
9a.m.) and late evening hours (6 p.m. — 10 p.m.), while displaying a lower mass
concentration of 7.93 pg/m® during the afternoon (2 p.m. — 4 p.m.) (Fig. 8C). The
higher concentrations of organic aerosols (OA) occurred in the morning hours and late
evening hours coinciding with typical peak traffic hours and mealtimes. In contrast,
inorganic aerosols SO, NOs, NH," and CI demonstrate higher mass concentrations
(4.89 pg/mr’, 3.08 pug/m?®, 2.16 ug/m® and 1.03 pg/m?, respectively) during the morning
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hours (8 a.m. — 10 a.m.) and lower mass concentrations (1.92 pg/m? 0.37 pg/m? 0.59
ug/m®, and 0.07 pg/m?, respectively) in the evening hours (3 p.m. —5 p.m.) (Fig. 8C).
The increased concentration of SO, in the morning was attributed to traffic and
industrial emissions, while lower concentrations were associated with an increase in
wind speed.

Furthermore, eBC displays higher concentration peaks (15.57 + 3.46 ug/m’)
during the morning hours (6 a.m. — 8 a.m.), with a lower mass concentration of 5.05 +
3.46 pg/m® observed during the daytime (12 p.m.—2 p.m.) (Fig. 9D). It can be assumed
that at the Manila Port site, during the morning hours elevated concentrations of eBC
may be attributed to the increased morning intensities of on-road traffic (such as private
vehicles, heavy duty trucks, trollers, etc.) in addition to the maritime traffic.
Additionally, cargo handling equipment, often diesel-powered, is active in the
morning, and traffic congestion, along with road dust resuspension, collectively
leading to higher concentrations of black carbon. In the afternoon at Manila Port site,
traffic-related black carbon concentrations typically decrease due to reduced morning
rush hour traffic, improved traffic flow and increased mixing layer (Kecorius et al.,
2017, Kecorius et al., 2019, Alas, et al 2018, Maduefio et al., 2019, Maduefio et al.,
2022 and Tonisson et al., 2020).

During the measurement campaign at the Port site, a source apportionment
analysis of eBC revealed a notable predominance of contributions from the transport
sector. Specifically, eBCrr accounted for a substantial 86% (average mass
concentration — 7.75 pug/m?) of the total eBC mass concentration, overshadowing the
contribution of eBCagg at 14% (average mass concentration — 1.28 ug/m?) (Fig. 10D).
According to previous study by Kecorius et al. (2017); Maduefio et al. (2019);
Alas et al. (2018) at the Port site, where eBC+r constituted the majority, the
predominant source of eBC was likely related to vehicle emissions from heavy
duty trucks, trollers and diesel-powered cranes. Furthermore, the time series
analysis of light absorption coefficients for eBC and BrC at the Port site (Fig.
10H) highlighted the dominance of eBC in light absorption, constituting 80%
(average mass concentration — 8.36 ug/m*), whereas BrC accounted for a
smaller yet notable contribution of 20% (average mass concentration —
2.06 ng/m*). According to the studies conducted by Tun et al., (2019),
Salvador et al. (2022), and Pabroa et al. (2022), major sources of biomass
burning at the port site include agricultural activities, residue burning (such as
rice husk, straw, sugarcane waste, bagasse, coconut husk, and maize cobs),
and forest fires. Additionally, research by Liu et al. (2018) and Qin et al.
(2018) indicated that at the port site, BrC primarily originates from
agricultural and residual burning operations. Distant agricultural activities and
waste incineration are also major sources of biomass burning-derived eBC at
the Port site, with long-range transport of these pollutants playing a significant
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role (Ulevicius et al., 2010). Although vital, shipping and maritime operations
at Port sites are not directly related to biomass burning emissions but primarily
contribute through the combustion of fuels and the release of particulate matter
(Geng et al., 2024). The primary source of BrC at the Port site is also linked
to biomass burning, specifically from waste incineration and agricultural
burning. The BC and BrC contributions presented in this study, along with
those from various urban locations worldwide, were compared. At the Port
site, BrC contributions accounted for 20% of the total light absorption,
aligning with observations from other urban locations such as Manaus, Brazil;
Singapore; Lyon, France; Kathmandu, Nepal; and Guangzhou, China, which
reported BrC contributions of 15%, 15%, 20%, 25%, and 25%, respectively.
Similar to our study site, fossil fuel and traffic-related emissions were
identified as the main contributors in these locations, with lower contributions
from biomass burning sources (De Sa et al., 2019; Kasthuriarachchi et al.,
2020; Zhang et al., 2020a; Kim et al., 2021; Qin et al., 2018).

Meteorological data analysis of NR-PM; and eBC demonstrated in Fig. 11D,
11H, and 11L. Wind rose analysis at the port site revealed a prevailing pattern of winds
originating from the west (W), north-west (NW), north (N), north-east (NE), east (E),
and south-east (SE) (Fig. 11D). Daily average T, RH, WS, WD observed at Manila
Coastal environment during measurement campaign is presented in Table 7.
The analysis of the polar diagrams also confirmed the predominant wind from the west
(W), north (N), and east (E) directions (Fig. 11H and 11L). However, noteworthy
insights were drawn from the analysis indicating that elevated concentrations of NR-
PM; and eBC were associated with prevailing winds from the western directions,
coupled with higher wind speeds observed throughout the measurement period (Fig.
11H and 11L). These western WD are likely associated with emissions from nearby
port operations, industrial facilities, and traffic corridors located to the west of the
sampling site. For these reasons, it can be concluded that NR-PM; concentration at
manila port originate from local sources as well as come from long range transport to
the sample location.

4 INTER COMPARISON OF RURAL, URBAN, AND COASTAL
ENVIRONMENTS

To compare different air quality dynamics across Rural (RiigsteliSkis), Urban
(Vilnius), Urban (Quezon), and coastal (Manila North Port) environments, this section
presents a detailed intercomparison. By analysing mass concentrations, diurnal trends,
source apportionment, and air mass trajectories of NR-PM; and eBC, we aim to
identify unique and shared pollution characteristics. These insights are essential for
devising effective, location-specific air pollution management strategies.
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The comparative analysis revealed significant spatial variations in NR-PM; and
eBC concentrations, influenced by specific sources and atmospheric conditions, with
Quezon City (urban site) showing the highest levels, followed by Manila North Port
(Coastal site), Vilnius (urban site), and the lowest found in Ragsteliskis (rural site)
(Table 4). Seasonally, NR-PM; levels peaked in spring and summer, while eBC
concentrations were highest in autumn at the Riigsteliskis (rural site). In Vilnius (urban
site), Quezon (urban site) and Manila (Port site) NR-PM; and eBC concentration were
higher in winter season.

At the Rugsteliskis (rural site), the increase in NR-PM; during spring and summer
can be attributed to enhanced biological activities and rising temperatures. In contrast,
the higher eBC levels in autumn are driven by increased combustion for heating and
agricultural activities related to the harvesting season at this site. In Vilnius (urban site),
elevated levels of NR-PM; and eBC are driven by household activities such as biomass
and fossil fuel burning, traffic emissions, and long-range transport. These activities are
also facilitated by winter meteorological conditions, which can substantially affect air
quality in colder climates due to increased heating demands and stable atmospheric
conditions that trap pollutants close to the ground level. The analysis in Quezon City
(urban site) revealed the highest eBC concentrations during the study period,
underscoring the impact of dense traffic and possibly industrial emissions. At Manila
North Port (Coastal site), high concentrations of NR-PM; and eBC are influenced by
port activities and vehicular emissions. Here, meteorological conditions such as clean
breezes at the port site tend to lower pollutant levels compared to Quezon City. The
results indicate specific actions that could improve air quality, like implementing
stricter emission regulations in colder urban regions during winter and managing traffic
and industrial emissions in densely populated cities such as Quezon City. It is crucial
to have ongoing monitoring and customized policies in place for effective management
of air pollution. This approach ensures that interventions are based on scientific
evidence and tailored to the unique characteristics of different regions and seasons.

The diurnal trend analysis across rural, urban, and coastal sites revealed
pronounced peaks of NR-PM; and eBC concentrations during morning and late
evening hours driven by traffic emissions, industrial activities, and maritime
operations. These peaks are further influenced by atmospheric conditions such as wind
speed and boundary layer dynamics. Although the diurnal pattern of both NR-PM. and
eBC was broadly consistent across the study sites, with morning and evening peaks,
the magnitude of concentrations varied significantly. For eBC, the highest
concentrations were observed in Quezon City (urban site), followed by Manila Port
(coastal site) and Vilnius (urban site), with the lowest levels recorded in Ruigsteliskis
(rural site). In the case of NR-PM,, inter-Site comparisons were conducted only for
Vilnius, Manila Port, and Riigsteliskis, as NR-PM.: data were not available for Quezon
City during the study period. Among these, Manila Port exhibited the highest NR-PM.
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concentrations, followed by Vilnius and Riigsteliskis.

In rural settings like Rugsteliskis, morning peaks of organic aerosols are mainly
due to low boundary layer heights, which keep pollutants concentrated near the ground.
As the sun rises, the boundary layer height increases due to warming, leading to a
dilution of pollutants and lower concentrations during the afternoon. Similarly, higher
eBC concentrations in the morning and evening are linked to wood burning, work-
related traffic, and long-range transport, aligning with the lower boundary layer heights
observed during these periods. These patterns underscore the significant impact of eBC
on rural environments, driven by diverse sources such as biomass burning, traffic, and
long-range transport. In urban environments like Vilnius, the winter months showed a
significant peak of NR-PM; and eBC concentrations during the morning and late
evening hours. The high levels of organics and ammonium were largely influenced by
local and regional agricultural activities and traffic emissions. Whereas eBC higher
concentration peaks may be linked to the increased use of transportation during
morning and evening rush hours, as well as higher domestic heating (cooking
activities) during these times whereas the reduction in pollution was directly influenced
by the low relative humidity of the air. The diurnal trend analysis of eBC concentration
at Quezon City, further examining urban effects on the diurnal variability of these
pollutants. Diurnal trend analysis revealed two distinct peaks in eBC concentration
observed during the morning hours and late evening hours. The morning rush hours
eBC higher mass concentration may be ascribed to enhanced traffic emissions from
carsand jeepneys, whereas late at night higher concentration may mostly be associated
with emissions from diesel trucks. Diurnal trends of NR-PM; and eBC at Manila
(Port site), showed higher concentrations peaks in the morning hours and late evening
hours and lower concentration during daytime. The higher concentration peaks of
organic aerosol particles are due to traffic hours and mealtimes. Whereas eBC peaks
may be attributed to the increased morning intensities of on-road traffic (such as private
vehicles, heavy duty trucks, and trollers) in addition to the maritime traffic.
Additionally, cargo handling equipment, often diesel-powered, is active in the
morning, and traffic congestion, along with road dust resuspension, collectively
leading to higher concentrations of black carbon. In the afternoon at Manila Port site,
traffic-related black carbon concentrations typically decrease due to reduced morning
rush hour traffic, improved traffic flow and increased mixing layer. These findings
underscore the importance of implementing customized pollution control plans that
address the unique characteristics of rural, urban and coastal areas. Successful plans
should take into account peak times and local weather conditions to reduce the adverse
effects of air pollution on both health and the environment.

The comprehensive source apportionment analysis of eBC was performed at
rural, urban, and coastal sites. Higher concentrations of eBCr and eBCgs Were
observed at Quezon City (urban site), followed by Manila Port (coastal site), and
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Vilnius (urban site), with the lowest concentrations recorded at Rugsteliskis (rural site).
Similarly, the concentration levels of Brown Carbon (BrC) were lower than those of
BCx at all sites yet followed the same pattern such as highest at Quezon City, then
Manila Port and Vilnius, and lowest at Ruigsteliskis.

Analysis revealed that the dominant source of equivalent black carbon (eBC) in
Ragsteliskis, Vilnius, Quezon City, and Manila North Port is primarily due to fossil
fuel combustion, with transportation-related emissions from vehicles and industrial
activities contributing significantly to the local air pollution profiles. Additionally,
brown carbon (BrC), although a minor component compared to eBC, plays a crucial
role in affecting the light absorption characteristics of aerosols. The presence of BrC,
mainly from biomass burning, varies significantly with local practices. In rural areas
like Rugsteliskis, biomass burning related to residential heating and agricultural
activities is a notable source of BrC. In urban settings like Vilnius and Quezon City,
BrC arises not only from heating but also from domestic cooking and commercial
activities, particularly where biofuels and charcoal are used extensively. In coastal areas
like Manila North Port, BrC is primarily sourced from agricultural residue burning and
port-related activities, impacting the local air quality distinctively. In order to tackle air
pollution effectively, it is essential to focus on reducing fossil fuel combustion and
addressing region specific biomass burning. Important steps involve enhancing traffic
and vehicle emission regulations, encouraging the use of cleaner cooking and heating
methods and implementing stricter oversight of agricultural and industrial emissions.
Itis vital to have enhanced monitoring systems and customized regulatory frameworks
for targeted interventions that lead to better air quality.

The meteorological data analysis provides an in-depth understanding of how NR-
PM; and eBC concentrations across rural, urban, and coastal environments are
significantly influenced by both local sources and long-range transport. This
relationship underscores the impact of regional meteorological conditions on air quality
and highlights the need to incorporate these factors into air pollution control strategies.

At Rugsteliskis, a rural site, wind rose and polar plot analyses show that winds
primarily from the north, east, and south bring in higher concentrations of pollutants,
indicating significant long-range transport effects alongside local emissions. This site,
being remote from major industrial activities and not directly impacted by heavy traffic
or maritime influences, suggests that the observed pollutants are largely due to
atmospheric transport from distant sources (Fig. 11A, 11E, 111, and Table 7). In
contrast, the urban setting of Vilnius demonstrates a different dynamic. Here,
prevailing winds from the west and northwest contribute to higher pollutant
concentrations, likely carrying emissions from the city’s dense traffic and industrial
sectors. The polar plots distinctly highlight how local emissions are exacerbated by
meteorological conditions that facilitate the accumulation of pollutants, particularly
during periods of higher wind speeds from these directions (Fig. 11B, 11F, 11J, and
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Table 7). At Quezon city site higher eBC concentrations could be linked to dominant
wind directions and higher wind speeds from the eastern directions. Therefore, it can
be concluded that at this site eBC concentration originate from both local sources and
long-range transport to the sampled location (Fig. 11C, 11K, and Table 7). The coastal
site of Manila North Port shows a similar pattern where prevailing western winds
significantly influence pollutant levels. This site experiences complex interactions
between local emissions from port activities, including shipping and heavy machinery,
and pollutants carried by long-range transport (Fig. 11D, 11H, 11L, and Table 7). The
analysis across these sites shows that managing air quality effectively requires a
multifaceted approach. It is essential to tackle emissions from specific local sources
like traffic, industrial activities and port operations while also taking into account the
influence of wind patterns and speeds on pollutant dispersion. By incorporating
meteorological information into air quality management practices, it becomes possible
to forecast high pollution periods and develop proactive measures to minimize
exposure and safeguard human health and the environment.
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CONCLUSIONS

1. The mean hourly average mass concentrations of NR-PM: at
Rugsteliskis, Vilnius, and Manila port were 8.48 pg/m®, 18.98 pg/m?,
and 29.52 pg/m’, respectively. Mean hourly average mass
concentrations of eBC at Rugsteliskis, Vilnius, Quezon, and Manila Port
reported as 0.60 pug/m?, 2.46 pg/m?*, 36.19 pg/m?, and 10.27 ug/m?,
respectively. The comparative analysis revealed significant spatial variations
in NR-PM; and eBC concentrations, with Quezon City showing the highest
levels, followed by Manila North Port, Vilnius, and the lowest in Riigsteliskis.
Seasonal variations showed higher NR-PM; concentration (9.07 pg/m?) in
spring and higher eBC concentration (0.72 pg/m?) in autumn at the Riigsteliskis
rural site, with particularly high eBC in Quezon urban (36 pg/m?) and Manila
Port (10 pg/m?) during winter.

2. The diurnal trend analysis of NR-PM; and eBC across different
environments reveals significant variations driven by the interplay of
anthropogenic activities and natural atmospheric conditions. In rural
areas, morning peaks of OA and eBC reflect emissions from biomass
burning and vehicular traffic, along lower boundary layer height. Urban
environments show more pronounced diurnal peaks due to high traffic
and industrial activities, especially during morning and evening rush
hours. In coastal areas, the diurnal patterns are similarly influenced by
local traffic, port activities, and atmospheric conditions such as wind speed
and boundary layer dynamics.

3. The comprehensive source apportionment analysis reveals that the
dominant source of eBC at Riigsteliskis, Vilnius, Quezon, and Manila
North Port originated from fossil fuel and transport-related emissions,
accounting for 90%, 85%, 81%, and 86% respectively. Although lesser,
the contribution of biomass burning to eBC underscores the influence of
local practices such as residential heating and agricultural burning. The
contribution of BrC was 14%, 18%, 22%, and 20% at Rugsteliskis,
Vilnius, Quezon, and Manila North Port, respectively. The minor but
notable presence of BrC, primarily from biomass burning, varies
spatially with local practices such as domestic cooking, agricultural
residue burning, and seasonal activities, impacting light absorption
characteristics.

4. Both local sources and long-range transport significantly impacts the
concentrations of NR-PM;: and eBC at rural, urban, and coastal sites.
Specifically, at the rural site of Riigsteliskis, higher concentrations were
associated with wind directions from south and west. In Vilnius,
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elevated levels correlated with wind directions from the west and east.
At the QCG site, higher eBC concentrations were linked to wind
directions from the east, while at the Port site, elevated levels were tied
to wind directions from west.
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SANTRAUKA
[VADAS

Aerozolio dalelés, jskaitant organines, neorganines ir anglingas daleles,
daro kompleksine jtaka Zemés klimato sistemai. Padidéjusi $iy aerozolio
daleliy koncentracija daro zenkly poveikj vietinéms meteorologinéms
salygoms ir atmosferos oro kokybei kaimo, miesto ir pakranciy vietovése.
Siekiant iSspresti atmosferos procesy neapibréztis labai svarbu visapusiskai
suprasti aerozolio daleliy cheming sudétj, Saltinius, susidaryma,
transformacijas ir dinamine sgveika Zemés klimato sistemoje. Naujausi
tyrimai Vakary ir Piety Europoje i§samiai apibiidino aerozolio Saltinius, ypac
miestuose ir kaimo vietovése. Nepaisant to, Baltijos regione, ypa¢ Siaurés-
Ryty Europoje, tyrimy apréptis yra salyginai nedidelé, todél jauciamas iSsamiy
duomeny trikumas. Siuo tyrimu siekiama uzpildyti §ig Ziniy spraga, pateikiant
iSsamig, ilgalaike atmosferiniy procesy analize¢, daugiausiai démesio skiriant
organiniy, neorganiniy ir anglingy aerozolio daleliy cheminei sudéciai
Lietuvos borealiniy misky kaimo aplinkoje (Siaurés-rytiné dalis) ir miesto
aplinkoje. Tai apima vietiniy tyrimo duomeny rinkiniy panaudojima, sickiant
pateikti regioning perspektyva, kuri pagerinty miisy supratimg apie aerozolio
daleliy dinamika $iame regione. Taip pat siekiama pagilinti Zinias apie tar§os
sezoni$kumg, S$altiniy kintamuma ir jy reikS§me atmosferos oro kokybei.
Atliekant mokslinius tyrimus Filipinuose pagrindinis démesys buvo sutelktas
j kriting juodosios anglies (BC) tar$os problema miesto ir pakranciy aplinkose.
Nors anksc¢iau atlikti tyrimai zenkliai pagerino zinias apibuidinant aerozolio
daleliy dydj, koncentracija ir erdvinj kintamuma, vis dar jaufiamas Ziniy
trikumas, ypac siekiant suprasti ne tik keliy transporto poveikj, bet ir kitus BC
Saltinius, taip pat Manilos uosto poveikj aerozolio daleliy koncentracijai. Sio
tyrimo tikslas — suteikti naujy jZvalgy kaimo, miesto ir pakranéiy vietovése,
pagilinant esamg supratima apie sudétingus atmosferos mechanizmus,
reguliuojancius aerozolio daleliy sudétj ir pasiskirstyma bei jy jtakg klimato
kaitai.

PAGRINDINIS TIKSLAS IR UZDAVINIAI

Sio tyrimo tikslas — nustatyti pagrindinius organiniy, neorganiniy ir
anglingy aerozolio daleliy $altinius ir palyginti jy savybes kaimo, miesto ir
pakrantés aplinkose.

Siam tikslui pasiekti buvo nustatytos ios uzduotys:
¢ Organiniy, neorganiniy ir anglies aerozolio daleliy kaimo, miesto

ir pakrantés aplinkoje apibiidinimas.
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e Anglingy aerozolio daleliy kaimo, miesto ir pakrantés aplinkoje
Saltiniy pasiskirstymas.

e Meteorologiniy salygy poveikio organinéms, neorganinéms ir
anglies aerozolio daleléms kaimo, miesto ir pakrantés aplinkoje
vertinimas.

NAUJUMAS

Pagrindinis 8io tyrimo naujumas yra Siaurés Europos ir Piety Azijos
miesty aplinkose atlikta lyginamoji analizé, leidusi nustatyti, kad rudosios
anglies santykinis indelis anglingoms aerozolio daleléms islicka panaSus
nepriklausomai nuo geografinés vietos ir mety laiko, nors abiejuose
regionuose su skirtingais sezoniniais ir socialiniais ekonominiais veiksniais
OA pagrindiniai biomasés deginimo Saltiniai yra skirtingi, t.y. gyvenamyjy
namy Sildymas Lietuvoje ir Zemés tikio atliecky deginimas Filipinuose.

GINAMIEJI TEIGINIAI

1. Kaimo, miesto ir pakrantés aplinkose dominuoja organinés aerozolio
dalelés (53 — 80 %). Neorganiniy aerozolio daleliy (SO+*", NOs~, NH4*, ir CI")
koncentracija viso tyrimo metu buvo mazesné uz OA, 0 tai rodo nuolatinj
organiniy medziagy vyravimg atmosferos aerozolio daleliy sudétyje
nepriklausomai nuo aplinkos skirtumy.

2. Pagrindinis eBC $altinis kaimo, miesto ir pakrantés aplinkose buvo
iSkastinio kuro deginimas ir transporto Sektorius (80 — 90%). PrieSingai,
biomasés deginimas sudaré Zenkliai mazesne dalj (10 — 20%), patvirtindamas
didesn;j transporto ir iSkastinio kuro Saltiniy poveikj BC kiekiui skirtingose
aplinkose.

3. BrC kaimo, miesto ir pakrantés aplinkose sudaré tik 14 — 22 % Visos
anglies turin¢io aerozolio sudéties. Biomasés deginimas yra pagrindinis BrC
Saltinis ir santykinai daro mazesnj poveikj oro kokybei lyginant su Kitais
dominuojanciais eBC $altiniais, tokiais kaip iskastinio kuro deginimas ir
transporto iSmetami tersalai.

4. eBC ir BrC koncentracijos Siaurés Europos miesto aplinkoje yra 14 —
15 karty mazesnés nei Piety Azijos miesto aplinkoje, taciau iSkastinio kuro ir
biomasés deginimo Saltiniy santykinis indélis i§lieka panaSus (4% skirtumas)
nepriklausomai nuo geografinés vietos ir mety laiko.
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AKTUALUMAS

Atmosferos submikroniniy aerozolio daleliy cheminiy komponenty
kaimo, miesto ir pakranciy aplinkose charakterizavimas yra svarbus dél jy
neigiamo poveikio zmoniy sveikatai ir reiksmingos jtakos Zemés klimato
sistemai. Todél labai svarbu gilinti supratimg apie aerozolio daleliy chemine
sudét] ir jy susidarymo biidus. Sio tyrimo rezultatai galéty pagerinti supratima
apie atmosferos chemine sudétj tiek vietiniu, tiek pasauliniu mastu. Be to,
atkreipiamas démesys ] nuolating padidinta eBC tarSg besivystanCiuose
regionuose ir skatinama kurti moksliskai pagrjstas strategijas oro kokybés
krizei suSvelninti.

AUTORIAUS INDELIS

Tyrimai, pateikti keturiose mokslinése publikacijose (1 — 4) yra paties
autoriaus idéjy ir diskusijy tarp autoriaus, vadovo ir bendraautoriy rezultatas.
Autorius atliko pagrindinj vaidmenj rengiant ir atliekant matavimo duomeny
analize. Organiniy ir neorganiniy nitraty atskyrimg, absorbcijos Angstrémo
eksponentés nustatymg, pataisy taikyma ir Aethalometro matavimy duomeny
interpretavima daugiausia atliko autorius. Sioms uzduotims atlikti buvo
naudojama MATLAB programa dél galingo priemoniy rinkinio, tinkamo
statistinei analizei ir dideliy duomeny rinkiniy tvarkymui, ypa¢ naudingo
matricy operacijoms ir vizualizacijai. “Python” programa buvo naudojama dél
jos gausiy biblioteky ir struktiry, pritaikyty duomeny mokslui, jskaitant
skaitiniy duomeny apdorojimui skirta “NumPy”, duomeny tvarkymui skirtg
“Pandas”, ir paZzangiam duomeny vizualizavimui skirtas “Matplotlib” bei
“Seaborn” paprogrames. “R” buvo specialiai naudojama atviroms
diagramoms kurti, panaudojant jos stiprias grafines galimybes, kad biity
galima veiksmingai perteikti sudétingus aplinkos duomeny modelius. Sis
priemoniy derinys leido atlikti i§samig ir veiksmingg aerozolio duomeny
analize, siekiant atskleisti duomeny rinkinio désningumus ir sasajas. Saltiniy
kilmés nustatyma taikant PMF model;j (2) ir meteorologiniy duomeny analizg
taikant HYSPLIT modelj (1, 2 ir 4) atliko bendraautoriai. Mokslinése
konferencijose, publikacijose ir disertacijoje pateiktas iSvadas autorius parasé
bendradarbiaudamas su doktorantiiros vadove ir Kitais bendraautoriais.
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METODAI

Matavimy vietoves

Nepertraukiami aerozolio daleliy cheminés sudéties ir optiniy parametry
matavimai buvo atliekami trijose skirtingose aplinkose: kaimo, miesto ir
pakrantés. Sios pasirinktos matavimy vietos strategiskai isdéstytos skirtingose
geografinése vietovése, siekiant jvertinti vyraujanéius organiniy, neorganiniy
ir anglingy aerozolio daleliy $altinius, darancius jtaka atmosferos Siluminiam
balansui ne tik Europoje (Lietuvoje), bet ir Azijoje (Filipinuose) (1 pav.).

Pirmoji matavimo stotis, apibiidinama kaip kaimo aplinka, yra
Aukstaitijos integruoto monitoringo kompleksiniy matavimy stotis (1a pav.).
Si nuosali vieta Rigsteliskio kaime (55°27'N, 26°00'E, 170 m virs jiiros lygio)
uzima apie 70 % miskingo ploto, kuriam daugiausia bidingi pusy (Pinus
sylvestris) medynai, o augalija jvairi — nuo stepiy iki tundros rasiy (Pauraité ir
kt., 2015). Artimiausiose apylinkése beveik néra reikSmingy vietiniy
antropogeninés tarSos Saltiniy. Artimiausias didesnis miestas Utena yra uz
27 km ] pietus nuo Riugsteliskio. Matavimai atlikti mazdaug 1,5 m aukstyje
vir§ Zemés lygio, vidutinio klimato juostoje, kuriai budingas drégnas
zemyninis klimatas su vidutini§kai vésiais orais, gausiais lietumis ir didele oro
drégme (Europos aplinkos agentiira, 2023). Per penkerius metus (2013, 2014,
2016, 2018 ir 2019 m.) matavimai buvo sistemingai atliekami trimis
skirtingais mety laikais: pavasarj, vasara ir ruden;.

Antroji matavimo vieta buvo pasirinkta Fiziniy ir technologijos moksly
centro teritorijoje Vilniuje (54°38'N, 25°10'E, 197 m vir§ juros lygio) (1b
pav.). Méginiy émimo sistemos jvadas buvo jrengtas virSutiniame aukste, apie
20 m vir§ zemés pavirSiaus, 12 km | pietvakarius nuo miesto centro.
Pazymétina, kad méginiy émimo vieta buvo strategiSkai patogioje vietoje,
gerokai nutolusi nuo tankiai apgyvendinty gyvenamyjy zony. IS
Siaurés/Siaurés ryty stotis apsupta misky, o i§ piety/ryty — nuosavy namy.
Artimiausias kelias buvo uz 300 m | pietvakarius, o prieSingoje puséje — uz
600 m nuo stoties yra mazo eismo intensyvumo kelias. Apibudinama kaip
miesto foniné vietové, geografiné vietos padétis tipisSkomis meteorologinémis
salygomis ribojo transporto priemoniy iSmetamyjy terSaly kaupimosi
galimybes. 2014 m. ziemg (sausio-vasario mén.) buvo vykdoma intensyVvi
2 mén. trukmés lauko matavimy kampanija. Tikslas buvo atlikti nuolatinius
matavimus realiuoju laiku, siekiant nustatyti organinio aerozolio (OA) sudétj
ir BC masés koncentracija Sioje miesto vietovéje.

Trecioji matavimy kampanija buvo vykdoma dviejose vietose Manilos
metropolitene (Filipinai): Manilos Siauriniame uoste (14°61'N, 120°96'E) nuo

2019 m. gruodzio 20 d. iki 2020 m. sausio 25 d. (1c pav.) ir Kesono miesto
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Ryty prospekto pakeléje (14°67'N, 121°04'E) nuo 2020 m. sausio 29 d. iki
2020 m. vasario 26 d. (1d pav.). Uosto matavimy vieta buvo 12 km nutolusi
nuo Kesono miesto Ryty prospekte. Siekiant uZztikrinti surinkty duomeny
kokybe,  matavimo  prietaisai  buvo  laikomi  specializuotame,
kondicionuojamame konteineryje. Aerozolio matavimo prietaisai buvo
eksploatuojami pagal Pasaulinio aerozolio fizikos kalibravimo centro
(WCCAP) rekomendacijas, parengtas pagal Pasaulinés meteorologijos
organizacijos (WMO) Pasaulinés atmosferos stebéjimo (GAW) programa.
Siekiant sumazinti daleliy nuostolius dél difuzijos, koaguliacijos ir nusédimo
méginiai buvo imami laikantis GAW 227 ataskaitoje (WMO ataskaita, 2016
m.) pateikty rekomendacijy. Pakrantés aplinkoje buvo atliekami intensyviis
matavimai siekiant iSmatuoti ekvivalentinés juodosios anglies (eBC) masés
koncentracija, aerozolio daleliy skaiCiaus koncentracijg ir daleliy $viesos
sklaidos koeficienta.

Matavimy jranga ir metodai

Organiniy aerozolio daleliy koncentracijos matavimai ir Saltinio nustatymas

Dviejose tyrimy vietovése, Lietuvoje ir Filipinuose, buvo naudojamas
Aerodyne Chemical Speciation Monitor (ACSM), skirtas submikroniniy
aerozolio daleliy cheminei sudéciai matuoti (Ng ir kt., 2011). ACSM leidzia
atlikti tiesioginius matavimus, selektyviai sutelkiant démesj | <1 um dydzio
daleles per aerodinaminius leSius, kurie nejtraukia didesniy daleliy ir
patikslina aerozolio srautg, kad buty galima atlikti tikslig analize (Liu ir kt.,
2018). Aerozolio dalelés atskiriamos nuo oro srauto, nukreipiamos j kaitinimo
plokstele ir iSgarinamos. Susidar¢ garai jonizuojami naudojant 70 eV
elektronus ir generuojami molekuliniy jony fragmentai. Sie jony fragmentai
analizuojami kvadrupoliniu masés spektrometru pagal masés ir kriivio santykj
(m/z 12-149), kad buty galima nustatyti aerozoliy cheming sudétj. Tolesné
organiniy aerozoliy masés spektry analizé buvo atlikta taikant pozityviosios
masés faktorizavima (PMF), leidziantj nustatyti konkrecius organiniy
aerozoliy Saltinius ir indélj.

Siekiant jvertinti PMys ir PMyg, aerozolio masés sverting aerodinaming
koncentracijag miesto ir pakrantés aplinkose (Filipinai) daleliy skai¢iaus
pasiskirstymui pagal dydj nuo 0,5 iki 10,0 um ir skai¢iaus koncentracijai
jvertinti buvo naudojamas aerodinaminis daleliy spektrometras (APS modelis
3221, TSl Inc., JAV, 2004 m.).
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Ekvivalentinés juodosios anglies matavimai

Aethalometras (AE31 Magee Scientific) buvo naudojamas kaip
prietaisas, kuriuo buvo kiekybiskai jvertinta ekvivalentinés juodosios anglies
(eBC) masiné koncentracija aerozolio dalelése. Prietaiso veikimo principas
pagristas Sviesos intensyvumo silpnéjimo matavimu per filtra, kuriame yra
aerozolio daleliy Arnott ir kt., (2005). Matavimai buvo atliekami esant
septyniems skirtingiems bangos ilgiams: 370, 470, 520, 590, 660, 880 ir 970
nm. eBC masés koncentracijos matavimai atlieckamai esant 880 nm bangos
ilgiui.

Saltinio kilmés nustatymo metodas remiasi skirtingy sugerties spektry
stebéjimu jvairiais §viesos bangos ilgiais i§ atskiry daleliy. Siuo tikslu
Riagsteliskio kaimiSkoje aplinkoje ir Vilniaus miesto foninéje aplinkoje
surinktiems eBC duomenims buvo taikoma Weingartner ir kt. (2003) pasitlyta
pataisa, siekiant sumazinti ,,8e$élj“, daugialype sklaidg ir kitus efektus,
sukelian¢ius matavimo paklaidas. Filipiny miesto ir pakrantés aplinkose
surinktiems eBC duomenims buvo taikoma Virkkula ir kt. (2007) pataisa.

Oro masés atgaliniy trajektorijos

Tolimosios oro masiy pernaos poveikio oro kokybei jvertinimui buvo
naudojama programiné jranga TrajStat (Wang ir kt., 2009), sujungianti
trajektorijy statistika ir geografines informacines sistemas, kad biity galima
analizuoti tarSos kelius taikant Potencialaus Saltinio indélio funkcijos (PSCF)
modelj. Su konkreCiais tarSos lygiais Susijusiy trajektorijy svertinés
koncentracijos buvo apskai¢iuojamos naudojantis Koncentracijos svertinés
trajektorijos (CWT) metodu (Hsu ir kt., 2003 m.), leidzian¢iu detaliai jvertinti
72 valandy laikotarpio oro masiy trajektorijas su padidéjusiomis OA ir eBC
koncentracijomis. Sis tyrimas leidzia nustatyti oro masiy trajektorijas, kurios
j matavimo vietg perneSa dideles OA ir BC koncentracijas, bei jy geografiniy
Saltiniy regionus.

Papildomai buvo naudojamas HYSPLIT modelis skai¢iuojant 72 valandy
atgalines oro masiy, atvykstanéiy j matavimo vieta, trajektorijas. Sis modelis
leidZia i§samiai iSanalizuoti atgalines oro masiy trajektorijas ir padidéjusiy OA
ir BC koncentracijy geografing kilme bei i$siaiskinti jy judéjimg tiriamame
regione.
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TYRIMO REZULTATAI
NR-PMzy ir eBC saltiniy nustatymas skirtingose aplinkose

Siekiant istirti karSciui neatspariy aerozolio daleliy, kuriy skersmuo maZesnis uz
1 um, (NR-PMy) ir eBC saltinius skirtingose aplinkose, matavimai buvo atlickami
skirtingose vietose: Lietuvoje — Ruigsteliskis (kaimo aplinka) ir Vilnius (miesto foniné
aplinka), Filipinuose — Kesono miesto rytinis prospektas (miesto aplinka) ir Manilos
uostas (pakrantés aplinka). Visose matavimo vietose NR-PM; matavimai buvo
atliekami naudojant ACSM, o eBC matavimai - naudojant AE.

NR-PM; ir eBC $altiniai kaimo aplinkoje

NR-PM; matavimai buvo atliekami penkerius metus (2013, 2014, 2016, 2018 ir
2019 m.) (5A pav. ir 4 lentelé), o eBC matavimai buvo atlickami ketverius metus
(2013,2014, 2018 ir 2019 m.) Rgsteliskio stotyje (kaimo aplinka), Lietuvoje (6A pav.
ir 4 lentelé).

Nustatyta, kad viso matavimo laikotarpiu (2013, 2014, 2016, 2018 ir
2019 m.) buvo stebima didesné organinio aerozolio (OA) daleliy
koncentracija (vidurkis — 29,20 pg/m?), sudaranti apie 76,7 % visos NR-PM;
masés. Neorganinio aerozolio (IA) komponenty koncentracijos ir jnasas
atitinkamai buvo mazesnis: SO+~ (6,60 ng/m?*; 159%), NOs~ (4,40 ng/m?;
10 %), NH4* (2,80 pg/m?; 7 %) ir Cl~ (0,48 pg/m?; 1 %) (SA pav. ir 5 lentelé).
PanaSius rezultatus jvairiuose ilgalaikiuose tyrimuose, susijusiuose su
aerozolio daleliy chemine sudétimi misko aplinkoje, nustaté Heikkinen ir kt.
(2020) ir Keskinen ir kt. (2020). Jy rezultatai parodé, kad vasara organiniy
aerozolio daleliy dalis yra didesné (80 — 88 %) nei rudenj (74 — 78 %)

Atlikus ekvivalentinés juodosios anglies (eBC) valandos vidurkio analizg
nustatyta, kad eBC masés koncentracija buvo didesné 2018 m. (0,73 pg/m®) ir 2019 m.
(0,71 pg/m?®), lyginant su 2013 m. (0,54 pg/m°) ir 2014 m. (0,41 ug/m®) stebétomis
koncentracijomis (6A pav. ir 5 lentelé). Sio tyrimo rezultatai taip pat sutampa su
Masalaité ir kt. (2022), Cui ir kt. (2021), Yttri ir kt. (2019), Pauraité ir kt. (2015), Yttri
ir kt. (2011), By&enkiené ir kt. (2011) anksciau atliktais tyrimais. Siuose darbuose
pateikiamos panasios vidutinés paros sezoninés tendencijos, kurios patvirtina vietinio
biomasés deginimo ir tolimosios pernasos poveikji eBC koncentracijai. Misy
palyginimas apima ir kitas kaimo aplinkas Europoje (6 lentelé), kuris parodeé, kad
vietinis biomasés deginimas ir tolimoji pernasa didina eBC koncentracija Europos
kaimo foninése aplinkose, ypa¢ Saltuoju laikotarpiu. Sios i$vados suteikia vertingy
jzvalgy apie OA ir IA, taip pat eBC laikinius svyravimus kaimo foninése aplinkose.

Apskaiciuoti metiniai NR-PM1 masés koncentracijos vidurkiai 2013,
2014, 2016, 2018 ir 2019 m. atitinkamai buvo 8,37 pg/m®, 6,67 pug/m®,
4,91 pg/m®, 9,86 pg/m® ir 13,45 pug/m® (7A pav.). Sie rezultatai atskleidé, kad
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bendra vidutiné NR-PM: koncentracija 2018 m. (9,86 pg/m?®) ir 2019 m.
(13,45 ug/m?®) buvo didesné lyginant su 2013 m. (8,37 pg/m?), 2014 m.
(6,67 pg/m?) ir 2016 m. (4,91 pg/m?). Apskaiciuotas penkeriy tyrimo mety
bendras vidutinis sezoninis NR-PM; koncentracijos vidurkis ir nustatyta, kad
pavasarj NR-PM; koncentracija buvo didesné (9,07 ug/m®) lyginant su vasara
(8,75 ng/m® ir rudeniu (6,99 pug/m®) (7A pav.). Tadiau didziausia NR-PM;
masés koncentracija buvo stebima 2018 m. (9,23 pg/m®) ir 2019 m.
(14,20 pg/m® pavasariais. Ir priesingai, didziausios NR-PM; masés
koncentracijos 2013, 2016 ir 2018 m. buvo stebimos vasaros sezonais
(atitinkamai 8,53 pg/m®, 6,21 pg/m® ir 10,88 pg/m®). Zemesné NR-PM;
koncentracija buvo stebéta 2013 ir 2016 m. rudens sezonais, lyginant su 2014
ir 2018 m. Sie svyravimai gali biti sicjami su meteorologinémis salygomis,
kai pavasarj ir vasarg aukstesné NR-PM1 koncentracija yra siejama su
aukStesne 0ro temperatiira, maZesne santykine oro drégme ir didesniu véjo
grei¢iu (Heikkinen ir kt., 2020; Keskinen ir kt., 2020; Kourtchev ir kt., 2013).

Ivertinta ketveriy mety trukmés bendra vidutiné sezoniné eBC
koncentracija ir nustatyta, kad rudenj bendra vidutiné sezoniné eBC
koncentracija (0,72 £ 0,58 ug/m?®) buvo didesné nei pavasarj (0,66 =*
0,56 pg/m?) ir vasarg (0,46 + 0,34 pg/m?®) ir (7E pav.). Pazymétina, kad
vidutiné eBC koncentracija rudenj buvo didesné visais tiriamaisiais metais,
pavyzdziui, 2013 m. (0,78 + 0,62 ug/m?), 2014 m. (0,56 + 0,43 pg/m®) ir
2018 m. (0,82 + 0,57 pg/m®) (7E pav.). Sis padidéjimas rudenj pirmiausia gali
biti siejamas su Sildymo sezono pradzia, kurio metu labai padauggja kietojo
kuro (pvz.: medienos, anglies ir biomasés) deginimas namy tkiy Sildymui.
Degant Sioms medziagoms j atmosferg iSsiskiria didelés juodosios anglies
koncentracijos. Be to, rudeniui budingos stabilios atmosferos salygos,
kurioms budingas silpnesnis vé&jas ir sumazéjes vertikalusis oro maiSymasis,
taip pat prisideda prie didesnés juodosios anglies koncentracijos, nes tersalai
licka arciau zemés ir lé¢iau iSsisklaido (Ahlberg ir kt., 2023). Pavasario sezono
metu 2018 m. ir 2019 m. buvo stebimas eBC koncentracijos padidéjimas
(vidurkis atitinkamai 0,84 + 0,65 pg/m® ir 0,75 + 0,40 ug/m?). Sios reik§meés
buvo apie 27% ir 14% didesnés nei bendra pavasario sezono vidutineé
koncentracija (0,66 £ 0,56 ug/m?), ir atitinkamai 83% ir 63% didesnés nei
vasaros sezono vidutiné koncentracija (0,46 + 0,34 pg/m?). Nors rudenj
paprastai buvo stebima didZiausia sezono vidutiné eBC koncentracija (0,72 +
0,58 pg/m?), pavasario reikSmés 2018 ir 2019 m. buvo panasios arba net virsijo
rudens reikSmes kai kuriais metais, pvz., 2014 m. (0,56 pg/m®) ir 2018 m.
(0,82 pg/m?). Pavyzdziui, zemesné temperatira ir didesné santykiné oro
drégmé gali padidinti terSaly kaupimasi pazemio sluoksnyje ir sukurti
palankias salygas antriniy organiniy aerozolio daleliy susidarymui, kuriy
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sudétyje gali buti eBC ir padidinti jy koncentracija atmosferoje (Blaszczak ir
kt., 2020; Aurela ir kt., 2011). Biomasés deginimas ir tolimoji pernasa taip pat
didina sezonines eBC koncentracijas (Bycenkiené ir kt., 2011; Pauraité ir kt.,
2015). Tuo tarpu 2013, 2014, 2018 ir 2019 m. vasaromis eBC koncentracija
buvo mazesné (0,31 pg/m?, 0,28 pug/m®, 0,55 ug/m® ir 0,68 pg/m? atitinkamai)
nei pavasarj ir rudenj. Tam jtakos galé¢jo turéti padidéjes atmosferos
vertikalusis maiSymasis ir gausesni krituliai, kurie padidina aerozolio daleliy
iSplovima, todél atmosferoje sumazéja eBC koncentracija (Hyvarinen ir kt.,
2011). Siltuoju laikotarpiu yra sumaZéjes gyvenamujy patalpy sildymas arba
jo i§ viso néra, taip pat maZiau deginami Zzemés tkio naudmenys, todél
sumazéja ir eBC emisijos. Vasarg auganti augmenija taip pat padeda sulaikyti
ore esancias daleles, o tai dar labiau prisideda prie mazesnés eBC
koncentracijos (Cui ir kt., 2021). Ragsteliskio kaimo aplinkos stotyje nustatyti
kasmetiniai vasaros ir kity sezony skirtumai rodo, kad vésesnés (vidutiné
temperatiira apie 14 °C) ir drégnesnés 0ro sglygos (vidutiné santykiné drégmé
74 %) yra glaudziai susijusios su padidéjusia eBC koncentracija. Tokios
salygos, dazniau pasitaikanCios pavasarj ir rudenj, riboja terSaly sklaidg
atmosferoje ir skatina jy kaupimasi pazemio sluoksnyje.

NR-PM; ir eBC pariniy koncentracijy kaitos analizé Riigsteliskio stotyje
buvo atlikta jvairiais mety laikais, todél kaimo vietovéje buvo galima atlikti
palyginamgjj vertinimg. Rezultatai parodé, kad visais trimis sezonais
(atitinkamai pavasarj, vasarg ir rudenj) didesné OA koncentracija (atitinkamai
8,34 ug/m?, 6,60 pg/m® ir 5,62 ug/m?) nustatyta rytinémis valandomis (6 —
8 val.), o maZesné — popietinémis valandomis (12 — 15 val.), atitinkamai
5,45 ug/m®, 5,61 pg/m® ir 4,69 pg/m® (8A pav.). Kaimo aplinkoje atlikti
tyrimai atskleidé, kad didesné OA koncentracija rytinémis valandomis yra
susijusi su mazesniu pazemio sluoksnio auksc¢iu, o naktj ir anksti ryte iSlicka
padidéjusi  dél susikaupusiy pirmtakiniy iSmetamyjy terSaly palyginti
stabiliame pazemio sluoksnyje. Patekéjus saulei OA koncentracija dienos
metu paprastai maz¢ja ir maziausias vertes pasiekia tarp 12 ir 15 val. Tikétina,
kad Siai tendencijai jtakos turi sumazejes antriniy organiniy aerozolio daleliy
(SOA) susidarymas ir padidéjes atmosferos pazemio maiSymosi sluoksnis
Siomis valandomis (Carbone ir kt., (2017); Li ir kt., (2019) ir Yu ir kt., (2021);
Heald ir kt., (2005)). Nitratai pasizyméjo panaSiomis parinés eigos
tendencijomis kaip ir organinés medziagos, nes visais trimis sezonais
(atitinkamai pavasarj, vasarg ir rudenj) rytinémis valandomis (6 — 8 val.)
pasizyméjo didesne masés koncentracija (atitinkamai 2,46 pg/m?, 1,02 ug/m?*
ir 1,53 pug/m® ir mazesne masés koncentracija (atitinkamai 0,98 upg/m?,
0,62 pug/m?* ir 0,88 pg/m®) popietinémis valandomis (12 — 15 val.) (8A pav.).
Kiendler ir kt. (2016) ir Sobanski ir kt. (2017) kaimo ir priemies¢io vietovése
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nustaté nuosekliai mazesnes nitraty koncentracijas dienos metu, o tai siejama
su aukStesniu planetos f sluoksniu (PBL). Abiejuose Siuose tyrimuose
teigiama, kad didesné rytiné OA koncentracija susijusi su atmosferoje
vykstanc¢iomis fotocheminémis reakcijomis, o tai rodo galima rysj tarp OA ir
NOs  kaimo aplinkoje.

Visais trimis mety laikais (pavasar], vasarg ir rudenj) sulfaty
koncentracija buvo didesné (0,96 pg/m® 1,03 pg/m® ir 1,36 pg/m®) dienos
metu (10 — 13 val.) ir mazesné (0,67 pg/m>, 0,82 ng/m? ir 1,07 ng/m®) nakties
metu (1 — 4 val.) (5A pav.). Wang ir kt. (2016) atliktame tyrime kaimo
vietovéje nustatyta pariné sulfaty koncentracijos Kkaita: dienos metu
koncentracija buvo didesné lyginant su nakties metu. Tyréjai Sig tendencija
siejo su fotochemine sulfaty gamyba, kai veikiamas saulés spinduliuotés
oksiduojasi sieros dioksidas (SOz). Be to, Kundu ir kt. (2014) isvadose
pabréziama, kad jvairtis veiksniai, tokie kaip saulés spinduliuoté, temperatiira
ir PBL dinamika, gali daryti jtaka sulfaty susidarymui ir transformacijai
atmosferoje. Sie veiksniai gali lemti padidéjusj sulfaty kiekj dienos metu. Be
gamtiniy priezasc¢iy, prie padidéjusio atmosferiniy sulfaty kiekio dienos metu
taip pat gali prisidéti ir Zzmogaus veikla, pvz.: pramonés iSmetami terSalai ir su
eismu susijusi tarSa netoli kaimo regiony, kai pramonés ir transporto veikla
yra aktyviausia. NH," masés koncentracija RigsteliSkyje visy trijy sezony
metu nerodé jokios aiskios paros eigos. Retama ir kt. (2019) teigé, kad NHs,
kuris yra susijes su atlieky Salinimu, nuotekomis ir transporto i§metamosiomis
dujomis, reaguoja su azoto rugstimi (HNOs3) ir sieros ragstimi (H2SOs),
sudarydamas SO4*", NO3™ ir NH,* daleles. Gilardoni ir kt. (2016) pasiilé, kad
zemés tkio veikla, jskaitant méSlo tvarkyma ir dirvoZzemio emisijas, yra
atsakinga uz didzigja dalj pasaulyje iSmetamo amoniako kiekio. Amonis
veikia kaip priesingas jonas, kuris subalansuoja NOs~ ir SO4* koncentracijas.
Todeél NHs" koncentracijos paros eiga priklauso nuo nitraty ir sulfaty
koncentracijy svyravimy. Kadangi NOs™ ir SO4*~ koncentracijos keiciasi dél
jvairiy veiksniy, pvz.: terSaly emisijy ar tolimosios jy pernasos, NHs"
koncentracija atitinkamai koreguojasi, kad biity i§laikyta pusiausvyra. Dél §ios
priezasties néra rySkios NHs" koncentracijos paros eigos kaitos, nes jis
veiksmingai stabilizuoja NO3™ ir SO4* koncentracijos svyravimus. Ankséiau
publikuotuose Marmureanu ir kt. (2020), Drugé ir kt. (2019) ir Bauer ir kt.
(2007) tyrimuose teigiama, kad amoniakas daugiausia susidaro dél Zemés tkio
veiklos, kuriai maziau tikétina, kad pasireik§ parinés eigos tendencijos. Tai
atitinka muisy tyrimo laikotarpiu stebéta NH4" koncentracijos eiga, kuri neturi
aiskios parinés kaitos tendencijos, o tai patvirtina NH4" kaip NO3™ ir SO42
priesingo jono vaidmenj.

Rugsteliskio stotyje sezoniné (pavasario, vasaros ir rudens) eBC paros
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eiga visy ketveriy mety matavimy laikotarpiu pateikta 9A pav. Visais mety
laikais eBC koncentracija buvo didesné rytinémis valandomis (8 — 12 val.), atitinkamai
0,77 pg/m, 0,51 pg/m? ir 0,76 pg/m?, ir mazesné vélyvomis nakties valandomis (0 —
2val.), atitinkamai 0,60 pg/n?, 0,38 ug/m? ir 0,60 pg/m?®. Analizuojant planetos
pazemio sluoksnio auk$tj (PBLH) nustatyta, kad jis labai kinta paros metu, nes
ankstyva ryta ir vélai vakare biina Zemesnis, todél terSalai, pvz.: eBC, sulaikomi prie
pavirSiniame Zemés sluoksnyje. Rytinius pikus sustiprina temperatiiros inversijos ir
minimalus vertikalus maiSymosi aukstis, o dieng kylantis PBLH sudaro sglygas terSaly
skaidai, todél jy koncentracija yra mazesné. Meteorologiniy parametry tendencijos
dienos metu rodo aukstesne 0ro temperatiira, didesnj véjo greitj ir mazesne santyking
drégme, o tai turi jtakos eBC sklaidai ir koreliuoja su PBLH svyravimatis.

Panasius rezultatus pateiké Pauraité ir kt. (2015), kur eBC koncentracija didéjo
nuo 5 val. ryto, aukSCiausig taskg pasieké 8 val. ryto, o vakare dél turbulentinio
maiSymosi koncentracija sumazé&jo. Anglies sudétyje turintiy aerozolio daleliy
koncentracija buvo beveik dvigubai didesné saltuoju laikotarpiu (0,77 pug/n?’) lyginant
su Siltuoju (0,40 pug/m?) ir to priezastis yra sezoniniai emisijos Saltiniai, pvz.: biomasés
deginimas namy Sildymui ir iSkastinio kuro degimo produkty tolimoji pernasa.
Ahlberg ir kt. (2023) Hyltemosos stotyje (Svedija) registravo rytinj (6 — 8 val. ryto)
eBC koncentracijos padidéjimg iki 0,11 pg/n?, kuris iki vidurdienio (12 — 15 val.)
sumazéjo iki 0,08 pg/m?. PanaSiai Aurela ir kt. (2011) Hyytidla stotyje (Suomija)
registravo padidéjusius rytinius eBC koncentracijos lygius (1,28 pug/n, 6 — 9 val.) ir
mazesnius vakarinius lygius (0,95 pg/n?, 15 — 18 val.). Hyvdrinen et al. (2011)
Hyytidla stotyje nustaté, kad rytinis maksimalus 1,34 pg/m?® eBC koncentracijos lygis
(6—9val.) po vidurdienio (12— 19 val.) sumazéjo iki 1,11 pg/m? ir yra susijes su malky
deginimu gyvenamosiose patalpose, transporto eismu ir tolimaja pernasa. Miisy tyrime
buvo atlikta i$sami lyginamoji analizé, kurioje palygintas pariniy eBC koncentracijy
eiga panasiose kaimo matavimo vietose visoje Europoje. Rytiniai eBC koncentracijy
maksimumai Lietuvoje sutampa su uzregistruotais Hyytidld stotyje (Suomija), taciau
jie yra didesni nei Hyltemossa stotyje (Svedija). Sj skirtuma galéjo lemti tai, kad
Suomijoje ir Lietuvoje yra labiau paplites namy Sildymas malkomis Saltuoju mety
laiku, o Svedijoje gali bati populiaresni alternatyvis $ildymo biidai. Be to, panasu, kad
Siuose regionuose skiriasi vietiniy ir nutolusiy Saltiniy jtakos proporcija. Sumaz&jusios
vakarinés eBC koncentracijos Lietuvoje gali rodyti stipria vietiniy Saltiniy, pavyzdziui,
gyvenamuyjy namy Sildymo Saltuoju mety laiku arba galimai malky deginimo maisto
ruosimui, jtaka, kuri naktj sumazgja. Taciau reikéty pazyméti, kad vasaros metu, kai
Sildymas nevyksta, eBC koncentracijos paprastai yra Zemesnés. Tuo tarpu Svedijos
stoties duomenys rodo nuolating tolimosios pernasos jtaka dél Salies geografinés
padéties ir vyraujan¢iy véjo krypéiy. Sie tyrimai isryskina skirtingg vietiniy ir nutolusiy
Saltiniy jtaka eBC koncentracijai kaimo aplinkoje.

Transporto eismo ir biomasés deginimo metu iSmetamy eBC Saltiniy
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kilmés nustatymas buvo atliekamas naudojant iskastinio kuro deginimo
(AAEg) ir biomasés deginimo (AAEgs) absorbcijos Angstrémo eksponentes.
eBCrr ir eBCgg laikiné eiga kartu su jy indéliu | bendrg eBC masés
koncentracijg per ketveriy mety matavimo kampanija (2013, 2014, 2018, 2019
m.) Lietuvos kaimo vietovéje pateiktos 10A pav. Iskastinio kuro deginimo
metu susidares eBCrr sudaré 90% (vidutiné masés koncentracija — 0,52 pg/m?)
bendros eBC koncentracijos, o biomasés deginimo metu gaunama eBCgs
sudaré 10% (vidutiné masés koncentracija — 0,06 pg/m?) viso eBC (10A pav.).
Sie rezultatai sutampa su Yttri ir kt. (2011 ir 2019) tyrimy rezultatais, kurie
parodé didesnj su iSkastiniu kuru susijusj juodosios anglies indélj Europos
kaimo vietovése. PanaSiai Hienola ir kt. (2013) ir Kupiainen ir kt. (2006)
tyrimuose nustatyta, kad Hyytidla stotyje Suomijoje iSkastinis kuras ir
biomasés deginimas gyvenamosiose vietovése yra pagrindiniai eBC Saltiniai
Europos kaimo aplinkoje. Nepaisant tokiy politikos priemoniy kaip ,,2020
klimato ir energetikos paketas®, kuriuo siekiama sumazinti iskastinio kuro
naudojimg Europos Sgjungoje (ES), misy iSvados rodo, kad eBCer lygis
iSlieka aukstas. Tai rodo nenuosekly ES priemoniy jgyvendinimg arba
ekonomines ir energetinio saugumo problemas, ypa¢ Ryty Europoje
(Radovanovi¢ ir kt., 2022; Rabbi ir kt., 2022). Priklausomybé nuo pasenusiy,
daug anglies dioksido iSskirian¢iy technologijy ir létas peréjimas prie
atsinaujinan¢iyjy energijos Saltiniy (Khabarova ir kt., 2019 m.) dar labiau
aStrina problema, pabréziant veiksmingesniy regioniniy strategijy poreikj.

eBC ir rudosios anglies (BrC) spektrinés priklausomybés skiriasi, nes
BrC turéty stipriai absorbuoti ultravioletiniy spinduliy srityje. 10A pav.
pateiktos eBC ir BrC Sviesos sugerties koeficienty laikinés eigos ketveriy
mety (2013, 2014, 2018 ir 2019) matavimo Lietuvos kaimo vietovéje
laikotarpiu. BrC $viesos sugerties koeficientas 370 nm bangos ilgio ruoze (baps,
src) erdviskai kito nuo 0,02 iki 0,80 M m™. basesc indélis Sviesos sugerciai
trumpesnio bangos ilgio (370 nm) ruoze 2013, 2014, 2018 ir 2019 metais
sudare 86% (vidutiné masés koncentracija — 0,57 pg/m?®), o BrC indélis buvo
tik 14% (vidutiné masés koncentracija — 0,09 pg/m3) (10E pav.). Remiantis
Liu ir kt. (2018) ir Qin ir kt. (2018) publikuotais tyrimais yra akivaizdu, kad
pagrindinis BrC Saltinis buvo biomasés deginimas, taciau zinomi ir keli kiti
galimi $altiniai, pvz.: biokuro deginimas, antropogeniniy ir biogeniniy lakiyjy
organiniy junginiy fotooksidacija arba vandens fazés cheminés reakcijos
(Wang ir kt., 2016; Pokhrel ir kt., 2017). Misy gauti rezultatai sutampa su
Masalaités ir kt. (2022), kad BrC pagrindinis Saltinis yra biomasés deginimas,
0 ne Kiti biogeninés kilmés $altiniai.

Viso matavimo laikotarpiu Riugsteliskyje (kaimo vietove) kartu su NR-
PM; ir eBC sistemingai 1 valandos intervalais buvo registruojami
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meteorologiniai parametrai (11A, 11E ir 111 pav.). Ragsteliskio stotyje
registruoty paros vidutiniy T, RH, WS, WD reik§miy duomenys pateikti 7
lentelgje (skaiCius po “+” yra standartinis nuokrypis).

Atliktus NR-PM; ir eBC véjo roziy analiz¢ nustatyta, kad matavimo
laikotarpiu vyravo piety (S), pietvakariy (SW), piety-pietvakariy (S-SW),
pietryéiy (SE), piety-pietry¢iy (S-SE), vakary (W), Siaurés vakary (NW) ir
vakary-$iaurés vakary (W-NW) krypéiy véjai (11A pav.). Sis véjo greidio ir
krypties grafinis vaizdinimas, gautas i§ 1 arba 2 minu¢iy duomeny, rodo, kad
matavimo laikotarpiu véjo greitis Sioje kaimo vietovéje retkarciais virsijo
5 m/s. V¢jo roziy diagramoje kiekvieno segmento ilgis reiskia véjy, kylanciy
i§ tam tikros krypties sektoriaus, daznj laikui bégant. Siekiant nustatyti su
didziausiomis NR-PM; ir eBC koncentracijomis susijusias véjo kryptis
Rigsteliskio stotyje, $ios koncentracijos buvo suskirstytos j kategorijas pagal
véjo kryptis. Atlikta analizé atskleidé, kad tyrimy laikotarpiu vyravo véjai i$
Siaurés, ryty ir piety krypéiy (11E ir 111 pav.). Nustatyta, kad didesnés NR-
PM; ir eBC koncentracijos buvo susijusios su vyraujan¢iomis véjo kryptimis
ir didesniais $iy krypCiy véjo greiCiais i$ Siaurés, ryty ir piety krypciy.
Tikétina, kad véjas i$ pietiniy ir rytiniy kryp¢iy pernesé tersalus i$ aplinkiniy
gyvenvieCiy ir Zemés tkio teritorijy, o Siauriniai — i§ nutolusiy regioniniy
Saltiniy. Atlikus tyrima padaryta iSvada, kad organinés medziagos, jskaitant
organines aerozolio daleles ir organinius nitratus, yra i$ vietiniy Saltiniy, o
neorganinés aerozolio dalelés (tokios kaip neorganiniai nitratai, amonis,
sulfatai ir juodoji anglis) yra i§ nutolusiy tarSos S$altiniy, j matavimy stotj
patekusios tolimosios pernasos budu. Kadangi Rugsteliskis yra dideliu
atstumu nutoles nuo jiros, pagrindiniy keliy, elektriniy ir ugnikalniy, o
vietingje aplinkoje biomasé deginama minimaliai, labai tikétina, kad | Sia
kaimo vietove tolimoji pernasa atnesa ne tik neorganines aerozolio daleles, bet
ir jy pirmtakus. Be to, eBC Saltiniy. Be to, eBC Saltiniy kilmés nustatymo
analiz¢ atskleidé, kad pagrindiniai juodosios anglies $altiniai kaimo vietovése
yra tolimoji pernasa ir deginimas buityje (daugiausia medienos deginimas).

NR-PM; ir eBC $altiniai Vilniaus miesto aplinkoje

Vilniuje NR-PM ir eBC matavimai atlikti 2014 m. Ziemg (sausio— vasario mén.)
(5B pav., 6B pav., 4 lentelé) ir nustatyta, kad didziausia vidutiné valandiné organiniy
medziagy masés koncentracija sieké 58 pg/n?, o NOs~, NH4*, SO ir CI” didZiausios
vidutinés valandinés masés koncentracijos buvo atitinkamai 17 pg/m?, 14 pg/m?, 8
pug/m? ir 4 pg/m? (5B pav.). eBC didziausia vidutiné valandiné koncentracija sieke
14,59 pg/m?® (6B pav.).-Tikétina, kad amonio (NHa") kilmés Saltinis yra zemés tkis ir |
matavimo vieta jis buvo pernestas dél tolimosios pernasos, 0 nitratai (NOs) atspindéjo
iSmetamasias dujas i§ Vietinio transporto. ISskirtinés meteorologinés salygos, kai
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temperattira svyravo nuo -25 °C iki 2 °C, turéjo jtakos terSaly emisijai ir dinamikai
ziemos sezono metu. Vidutiné NR-PM; ir eBC koncentracija tyrimy metu buvo
atitinkamai 18,98 £ 5,25 pg/m?® ir 2,46 + 1,99 ug/m? (7B pav., 7F pav.). Atlikus paros
eigos analize nustatyta, kad organiniy aerozolio daleliy koncentracija pasizyméjo
dviem ryskiais pikais: ryte (5 — 8 val.) ir vélai vakare (22 — 23 val.) ji buvo aukstesné
(atitinkamai 10,85 pg/m? ir 14,50 pg/m?), o po piety (12 — 16 val.) — Zemesné (7.93
ng/m¥d) (8B pav.). NOs, NHa4*, SO ir CI” koncentracijos taip pat buvo auks¢iausios
ryte (atitinkamai 3,72 pg/n?, 3,60 ug/m?, 2,01 pg/m? ir 0,37 pg/n?’) ir Zzemiausios po
piety (atitinkamai 2,87 pg/m?, 3,06 pg/m?, 1,64 pg/m? ir 0,24 pg/ny) (8B pav.). Sie
désningumai rodo, kad nitraty ir sulfaty susidarymas priklauso nuo transporto
iSmetamy teraly ir SO. oksidacijos $ildymo sezono metu (Teinild ir kt., 2019). eBC
paros eigos tendencijos parodé, kad auksciausia koncentracija buvo ryte (3,14 ug/n?,
8 — 10 val.) ir vakare (2,83 ug/n?, 18 — 20 val.), o anksti ryte (4 — 6 val.) ji buvo
zemiausia (1,68 pg/m?, 9B pav.). Didesnés koncentracijos koreliavo su piko
valandomis ir namy tikio Sildymu, o tai atitinka Minderyté ir kt. (2022) tyrimo
rezultatus. IS eBCrr ir eBCgs laikinés eigos nustatyta, kad iSkastinio kuro nulemtas
eBCrr sudaré 85% (vidutiné masés koncentracija — 2,00 ug/m?®) viso eBC, o su
biomasés deginimu susijes eBCgs — 15% (vidutiné masés koncentracija — 0,36 pug/m?)
(10B pav.). Pagal Sviesos sugerties koeficientus nustatyta, kad ties 370 nm bangos ilgiu
eBC sudaré 82% (vidutiné masés koncentracija — 2,34 pg/nr’), o BrC — 18% (vidutiné
masés koncentracija — 0,51 pg/m®) (10F pav.). Atlikus véjo roziy ir plotiniy
pasiskirstymy analize (11B pav., 11F pav., 11J pav.) nustatyta, kad vyravo vakary,
Siaurés vakary, ryty, piety ir pietry¢iy krypCiy véjai. Aukstesnés NR-PM; ir eBC
koncentracijos buvo susijusios su vakary véjais ir padidéjusiu véjo greiciu, o tai rodo,
kad koncentracijy padidéjimui jtakos turéjo tiek vietiniai tarSos Saltiniai, tiek tolimoji
pernasa i$ nutolusiy Saltiniy. Vakary kryptis atitinka pramoninius ar intensyvaus eismo
rajonus j vakarus nuo matavimo vietos, o rytinés kryptys gali biti susijusios su
priemies¢iy ar regioniniais Saltiniais.

NR-PM; ir eBC $altiniai Kesono miesto aplinkoje

eBC matavimai Kesono Si¢io Ryty (QCG) prospekte (Filipinai) buvo
atliekami 2020 m. sausio 29 d. — vasario 26 d. (6C pav., 4 lentel¢). DidZiausia
vidutiné valandiné eBC masés koncentracija sieké 104,54 pg/m®, o Ziemos
vidurkis buvo 36,19 * 16,02 pg/m® (7G pav.). Didelés eBC koncentracijos
pirmiausia buvo siejamos su transporto priemoniy iSmetamais terSalais ir
pramonine veikla, o tai atitinka Alas ir kt. (2018) bei Maduefio ir kt., (2022)
tyrimy rezultatus. Sie tyrimai atskleidé, kad eBC koncentracija Manilos
metropolitene yra 2 — 17 karty didesné nei Indijos, Kinijos, Europos ir JAV
miesty teritorijose, o tai rodo didelj sparcios urbanizacijos ir pramonés augimo

neigiamg poveikj oro kokybei. Vidutiné metiné eBC koncentracija Maniloje
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dar nenustatyta, taciau gauti rezultatai pabrézia, kad butina skubiai imtis
klimato kaitos mazinimo strategijy. Paros eigos analizé atskleidé du ryskius
eBC koncentracijos padidéjimus: 63,45 £ 10,61 ug/md rytinio piko metu (6 —
8 val. ryto) ir 43,48 pg/m? vélyvo vakaro metu (22 — 23 val. vakaro), o dienos
metu (12 — 21 val.) koncentracija buvo mazesné (23,43 + 10,61 pug/m?3) (9C
pav.). Rytiniai eBC koncentracijos maksimumai buvo susij¢ su transporto
iSmetamais terSalais, jskaitant lengvyjy automobiliy ir dzipniy eismg, 0
vakariniai maksimumai — su sunkiasvoriais dyzeliniais sunkvezimiais,
kuriems miesto gatvémis leidziama vaziuoti nuo 22 iki 7 val. ryto (Alas ir kt.,
2018). Mazesnei paros eBC koncentracijai jtakos taip pat turéjo didesnis véjo
greitis ir aukStesnis maiSymosi sluoksnio aukstis, kuris palengvino terSaly
sklaida, o naktiné koncentracija atitinkamai buvo padidéjusi dél maZesnio véjo
greidio ir sumazéjusio maiSymosi sluoksnio auks¢io. Saltiniy kilmes
nustatymo analizé atskleidé, kad transporto iSmetamy terSaly kiekis (eBCtr)
sudaré 80% (vidutiné masés koncentracija — 25,01 ug/m?®) viso eBC, o
biomasés deginimas (eBCgg) — 20% (vidutiné masés koncentracija —
6,07 ug/m?) (10C pav.). Daugiausia terSaly i§meté iSkastiniu kuru varomas
transportas, ypa¢ dyzelinu varomi dzipniai ir lengvosios transporto priemonés
(Kecorius ir kt., 2017; Maduefio ir kt., 2019). Dél biomasés deginimo
susidaranti eBCgg buvo priskiriama maisto ruo§imui namuose ir komerciniais
tikslais, ypa¢ medZzio anglies naudojimas, 0 tai atitinka Liu ir kt., (2018) ir Qin
ir kt., (2018) tyrimo rezultatus. Sviesos sugerties koeficienty laikiné eiga (10C
pav.) atskleideé, kad 370 nm bangos ilgio ruoze eBC sudaré 78% (vidutiné
masés koncentracija — 28,23 pg/m®) bendros Sviesos sugerties, o BrC — 22%
(vidutiné masés koncentracija — 7,79 ug/m®). Panasus BrC indélis buvo
stebétas tokiuose miestuose kaip Manausas (Brazilija), Singapiiras, Lionas
(Pranciizija), Katmandu (Nepalas) ir Guangdzou (Kinija), kur BrC indélis
svyravo nuo 15 iki 25% (De Sa ir kt., 2019; Kasthuriarachchi ir kt., 2020;
Zhang ir kt., 2020a; Kim ir kt., 2021; Liu ir kt., 2018; Qin ir kt., 2018) (9
lentel¢). TaGiau gerokai didesnis BrC kiekis uzfiksuotas Ciangmajuje
(Tailandas, 45%) ir Pekine (Kinija, 46%), visy pirma dél medienos ir biomasés
deginimo gyvenamuosiuose namuose. PrieSingai, mazesné BrC indélio dalis
(2 — 10%) nustatyta kituose Kinijos ir Kor¢jos miesty teritorijose, kur
biomasés deginimas yra maziau paplites (Zhang ir kt., 2020a; Pani ir kt., 2021;
Xie ir kt., 2019) (9 lentelé). Meteorologiné analizé (11C, 11K pav.) parode,
kad QCG vyrauja vakary (W), pietvakariy (SW), vakary-pietvakariy (WSW),
Siaurés (N) ir ryty (E) véjai. Plotiniy pasiskirstymy analizé parod¢, kad aukstesné
eBC koncentracija buvo susijusi su rytinémis véjo kryptimis ir didesniu véjo
greiciu, o tai nurodo, kad eBC koncentracijai jtakos turi tiek vietiniai Saltiniai,
tiek tolimoji pernaSa. Tikétina, kad rytiniy krypciy véjai pernesé terSalus i$
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tankiai apgyvendinty miesto rajony su intensyviu transporto srautu j rytus nuo
matavimo vietos. Atgaliniy oro masiy trajektorijy analizé patvirtino, kad
didziausia eBC koncentracija buvo esant oro maséms i§ pietvakariy, piety,
pietry¢iy, ryty ir Siaurés ryty krypéiy. Sie désningumai rodo dvejopa vietiniy
miesto i§metamyjy terSaly ir perneSamy terSaly jtakg oro kokybei QCG
vietovéje.

NR-PM; ir eBC saltiniai Manilos pakrantés aplinkoje

NR-PM; ir eBC tyrimai Manilos Siauriniame uoste buvo atlieckami nuo 2019 m.
gruodzio 20 d. iki 2020 m. sausio 25 d. (5C pav., 6D pav. ir 4 lentelé). Bendra NR-PM;
maseés koncentracija sieké iki 108,38 ug/n?’, o organiniy aerozolio daleliy (OA) masés
koncentracija dominavo ir sudaré 80% (23,68 * 16,40 ug/n®) NR-PM1 masés. Antras
pagal dydj indelis buvo sulfaty (10%, 3,09 £ 2,60 pug/m?), tuomet nitraty (4%, 1,18 +
1,32 pug/m?®), amonio (4%, 1,19 + 1,02 ug/n?) ir chlorido (2%, 0,47 + 0,78 ug/m?)
(5D pav.). Miisy gauti rezultatai sutampa su kituose miestuose atliktais tyrimais, pvz.:
Stavroulas ir kt. (2021) Piréjuje (Graikija) nustaté panasiai didele OA frakcija (67%),
o sulfaty (19%) ir nitraty (6%) indélis buvo maZesnis. Tyrimai Delyje, Indijoje (Gani
ir kt., 2019; Patel ir kt., 2021), ir Katmandu, Nepale (Warden ir kt., 2022), taip pat rodo
OA dominavimg, nors ir su tam tikrais regioniniais neorganiniy komponenty
skirtumais dél vietinio transporto eismo ypatumy ir pramonés iSmetamy terSaly.
Vidutiné valandiné eBC koncentracija Manilos uoste buvo 10,27 + 5,99 pg/md, o
didziausia — 35,82 pg/m? (6D pav.). Kaip pazymima Alas ir kt. (2018) ir Cadondon ir
kt. (2024), padidéjusi eBC koncentracija visy pirma buvo susijusi su transporto
priemoniy, pramoninés veiklos ir laivy veiklos iSmetamais terSalais. Atgaliniy oro
masiy trajektorijy analizé patvirtino, kad oro masés daugiausia buvo uZsistovéjusios
prie tiriamos teritorijos, o i§ Ramiojo vandenyno jy indélis buvo nedidelis. Palyginti su
Kvezono miestu, eBC koncentracija uoste buvo mazesné, o tai galbiit atspindi geresnes
salygas tarSos sklaidai, mazesnj transporto eismo ir pramoninés veiklos intensyvuma.
Vidutiné NR-PM; ir eBC koncentracija tyrimy laikotarpiu buvo atitinkamai
29,52 pg/me ir 10,27 pg/m? (7D pav., 7H pav.). Paros eiga parodé ryskius OA
koncentracijos padidéjimus: 29,43 pg/m? rytinio piko metu (6 — 8 val. ryto) ir
40,02 pg/m? vakare (18 — 22 val.), kurie sutapo su didziausio eismo intensyvumo ir
maisto gamybos laiku (8C pav.). PrieSingai, neorganiniy aerozolio daleliy
koncentracija ryte buvo didesné (SO# — 4,89 pug/n?, NOs~ — 3,08 pug/m?, NHs" —
2,16 pg/me ir CI' — 1,03 ug/m?), o vakare — mazesnés (atitinkamai 1,92 pg/m®,
0.37 ug/m®, 0,59 pug/mdir 0,07 pug/md).

eBC koncentracijos taip pat buvo didziausios ryte (15,57 + 3,46 pg/m®) dél
intensyvesnio keliy transporto eismo, didesnio dyzelinu varomy transporto priemoniy
kiekio ir jliry transporto iSmetamy terSaly. Po piety eBC koncentracija sumazgjo iki
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5,05 £+ 3,46 pg/m?® dél sumazéjusio transporto eismo srauto ir aukstesnio maiSymosi
sluoksnio (9D pav.). Panastis désningumai buvo stebéti ir kituose tyrimuose (Kecorius
ir kt., 2017; Maduefio ir kt., 2019), pabréziant transporto eismo ir pramoninés veiklos
jtaka aerozolio daleliy koncentracijai $iame regione. Saltiniy pasiskirstymo analizé
parodé, kad transporto iSmetami terSalai (eBCtr) sudaré 86% (vidutiné masés
koncentracija — 7,75 ug/m?®) visos eBC, o biomasés deginimas (eBCgg) — 14%
(vidutiné masés koncentracija — 1,28 pug/m?®) (10D pav.). Transporto iSmetami terSalai
buvo susije su lengvaisiais automobiliais, sunkiasvoriais sunkvezimiais, dyzelinu
varomais mazais zvejybiniais laiveliais ir kranais, o biomasés deginimo $altiniai buvo
medienos ir zemés dkio atliecky deginimas (Liu ir kt., 2018; Qin ir kt., 2018).
Analizuojant $viesos sugerties koeficientus nustatyta, kad prie 370 nm bangos ilgio
dominuoja eBC — 80% (vidutiné masés koncentracija — 8,36 ug/m?), o BrC indélis
sudaré 20% (vidutiné masés koncentracija — 2,06 ug/m*®) (10H pav.). Panasus BrC
indélis buvo registruotas tokiuose miestuose kaip Manausas, Singapiras ir Lionas (15
— 25%), o vietovése, kuriose deginama daug biomasés, pvz. Ciangmajuje ir Pekine,
uzfiksuotas didesnis BrC indélis (45 — 46%) (De Sa ir kt., 2019; Zhang ir kt., 2020a).
Meteorologiniai duomenys (8D, 8H, 8L pav.) parodé, kad vyravo vakary (W), Siaurés
vakary (NW), Siaurés (N), Siaurés ryty (NE), ryty (E) ir pietry¢iy (SE) véjai. Plotiniy
pasiskirstymy analizé parodé, kad padidéjusi NR-PM; ir eBC koncentracija buvo
susijusi su vakary véjais ir padidéjusiu véjo greiCiu. Tikétina, kad vakary krypties véjai
pernesé tersalus i§ uosto veiklos zony, pramoniniy rajony ir eismo intensyviy teritorijy
i vakarus nuo matavimo vietos. Sie duomenys rodo, kad Manilos uoste uZregistruoti
terSalai yra tiek i§ vietiniy Saltiniy, pvz. jiriné ir pramoniné veikla, tiek dél tolimyjy
pernasy atnesti i$ nutolusiy Saltiniy.

KAIMO, MIESTO IR PAKRANTES APLINKU PALYGINIMAS

Siekiant palyginti oro kokybés dinamikg kaimo (Riigsteliskis), miesto (Vilnius ir
Kesonas) ir pakrantés (Manilos Siaurinis uostas) aplinkose, Siame skyriuje pateikiamas
issamus NR-PM ir eBC masiy koncentracijy, paros eigy, Saltiniy pasiskirstymo ir oro
masiy trajektorijy palyginimas siekiant nustatyti kickvienai vietovei biidingas unikalias
ir bendras tarSos charakteristikas. Sios jzvalgos yra labai svarbios kuriant veiksmingas,
konkreciai vietovei pritaikytas oro tarSos valdymo strategijas.

Lyginamoji analiz¢ atskleidé didelius erdvinius NR-PM; ir eBC koncentracijos
skirtumus, kuriuos lemia vietiniai tarSos Saltiniai ir atmosferos sglygos: didZiausios
koncentracijos nustatytos Kesono mieste (miesto vietove), mazesnés — Manilos
Siaurés uoste (pakrantés vietove), Vilniuje (miesto vietove), o maziausi — Rugsteliskyje
(kaimo vietové) (4 lentelé). Atlikus sezoning analiz¢ nustatyta, kad RugsteliSkyje
(kaimo vietovéje) didziausios NR-PM; koncentracijos buvo pavasarj ir vasara, o
didziausios eBC koncentracijos buvo rudenj. Vilniuje ir Kesone (miesto vietové) bei
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Manilos uosto vietovéje NR-PM; ir eBC koncentracija buvo didesné Ziemos sezonu.

Rugsteliskyje (kaimo vietovéje) NR-PM; padidéjima pavasarj ir vasarg galima
sieti su padidéjusia biologine veikla ir aukstesne vidutine paros temperatiira. Tuo tarpu
didesng eBC koncentracija rudenj lemia padidéjes deginimas namy Sildymui ir zemés
ikio veikla, susijusi su derliaus nuémimo sezonu Sioje vietovéje. Vilniaus mieste
aukstesne NR-PM; ir eBC koncentracijg Ziemos metu lemia buitiné veikla, pvz.
biomasés ir iSkastinio kuro deginimas, transporto iSmetami terSalai ir tolimojo
susisiekimo transportas. Prie Sio koncentracijos padidéjimo taip pat prisideda
meteorologinés ziemos salygos, kai Saltesniame klimate dél padidéjusio Sildymo
poreikio ir stabilesniy atmosferos salygy, sulaikan¢iy terSalus pazemio sluoksnyje, gali
daryti didel¢ neigiama jtaka oro kokybei. Kesono Sityje (miesto vietové) buvo
registruojamos  didziausios eBC koncentracijos lyginant su kitomis vietovémis
tiriamuoju laikotarpiu, o tai rodo intensyvaus transporto eismo ir vietinés pramonés
iSmetamy terSaly poveikj. Manilos Siauriniame uoste (pakrantés vietove) didelei NR-
PM; ir eBC koncentracijai jtakos turéjo uosto veikla ir transporto priemoniy i$metami
tersalai. Cia meteorologinés salygos, pvz. didesnis véjo greitis uosto teritorijoje,
paprastai sumazina terSaly koncentracijg, lyginti su Kesonu ir kitomis tirtomis
vietovémis. Rezultatai rodo, kad oro kokybe galima pagerinti konkreciais veiksmais,
pvz. jgyvendinant grieZtesnes iSmetamyjy terSaly taisykles Saltesniuose regionuose
esan¢iuose miestuose ziema ir valdant transporto eismo bei pramonés i$metamyjy
terSaly kiekj tankiai apgyvendintose teritorijose, pvz. Kesono mieste. Siekiant
veiksmingai valdyti oro tar$a, labai svarbu vykdyti nuolating stebéseng ir taikyti
vietovei pritaikyta oro kokybés valdymo politika. Toks pozitiris uztikrinty, kad
intervencinés priemonés biity pagristos moksliniais jrodymais ir pritaikytos prie
unikaliy skirtingy regiony ir mety laiky ypatybiy.

Atlikus paros eigos analiz¢ kaimo, miesto ir pakrantés vietovése nustatyta, kad
tieck NR-PMy, tick eBC koncentracijos ryte ir vélai vakare pasiekia ryskius
maksimumus, kuriuos lemia transporto i$metami terSalai, pramoning veikla ir jiirinés
operacijos. Sioms tendencijoms papildomai jtakos turéjo atmosferos salygos, tokios
kaip véjo greitis ir pazemio Sluoksnio dinamika. Nors tiek NR-PM;, tiek eBC
koncentracijy paros eigos rastas visose tyrimy vietose isliko panasus, su ryto ir vakaro
piko valandomis, koncentracijy dydis reikSmingai skyrési. Didziausios eBC
koncentracijos uzfiksuotos Kesono mieste (miesto vietové), mazesnés — Manilos uoste
(pakrantés vietové) ir Vilniuje (miesto vietove), o maziausios — Riigsteliskio kaime
(kaimo vietove). Tuo tarpu NR-PM; koncentracijy palyginimas atliktas tik tarp
Vilniaus, Manilos uosto ir Rugsteliskio, nes Kesono mieste NR-PM: duomenys
nebuvo prieinami. IS $iy vietoviy didziausia NR-PM: koncentracija nustatyta Manilos
uoste, Siek tiek mazesné — Vilniuje, o maziausia — Ruigsteliskyje. Riigsteliskio stotyje
rytiniai OA maksimumai buvo susij¢ su Zemu pazemio sluoksnio maiSymosi auk$ciu,
dél kurio terSalai kaupési prie Zemés pavirSiaus.
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Siltéjant oro temperatiirai didéjo paZzemio sluoksnio aukstis, todél po piety NR-
PM;ir eBC koncentracijos sumazéjo. Didesnés eBC koncentracijos ryte ir vakare buvo
susije su medienos deginimu, Vietinio transporto eismu ir tolimaja pernaga. Ziemos
sezonu Vilniuje paros eigos analizé parodé, kad NR-PM; ir eBC koncentracijy
maksimumus ryte ir vélai vakare, kuriuos 1émé vietinio transporto i§metami tersalai,
buitinis Sildymas ir regioniné zemés tikio Veikla. eBC koncentracijos maksimumas taip
pat buvo susijgs su transporto eismo intensyvumo piko valandomis ir maisto ruo$imu
namuose, o tarSos sumazéjimas atitiko mazg santyking oro drégme. Kesono mieste ryte
ir vélai vakare eBC koncentracijos maksimumas buvo susijes su transporto eismo
iSmetamais terSalais, jskaitant lengvuosius automobilius ir dZipnius piko valandomis,
0 vélai vakare — su padidéjusiu dyzelinu varomo sunkiasvorio transporto eismo
intensyvumu.

Manilos uoste rytinis ir vakarinis NR-PM; ir eBC pikas taip pat buvo susijes su
transporto eismu, jliry operacijomis ir dyzelinu varomais krovos jrenginiais. Popietiné
NR-PM; ir eBC koncentracija buvo mazesné sumazéjus transporto eismo srautams,
sumazéjus spaistims ir padidéjus paZzemio maiSymosi sluoksnio auki&iui. Sios ivados
rodo, kad norint veiksmingai sumazinti oro tarSos poveik] sveikatai ir aplinkai, reikia
taikyti specialiai vietovei pritaikytas tarSos kontrolés strategijas, kuriose biity
atsizvelgta j konkreciai vietovei buidingus tarSos Saltinius, didziausios tarSos laikg ir
vietines oro sglygas.

Atlikus i$samig eBC Saltiniy kilmés nustatymo analiz¢ nustatyta, kad didesné
eBCer ir eBCgg koncentracija yra Kesono Sityje (miesto vietovéje), po to Manilos
uoste (pakrantés vietovéje) ir Vilniuje (miesto vietovéje), o maziausia Ragsteliskio
stotyje (kaimo vietovéje). BrC koncentracijos, nors ir mazesnés nei BCr, Kito taip pat:
didziausios buvo Kvezono mieste, o maZiausios - RiigsteliSkio miestelyje. Nustatyta,
kad visose vietovése pagrindiniu eBC Saltiniu yra iSkastinio kuro deginimas, ypac
transporto priemoniy ir pramoninés veiklos metu. BrC, daugiausia susidarantis
deginant biomasg, buvo svarbus Sviesos absorbcijos Saltinis.

Tokiose kaimo vietovése kaip Rugsteliskis BrC susidaré dél gyvenamyjy namy
Sildymo ir zemés tikio veiklos. Miesto vietovése, pavyzdziui, Vilniuje ir Kesono
mieste, jis buvo susijes su maisto gaminimu ir biokuro naudojimu, o Vilniuje — taip pat
su pastaty Sildymu. Manilos uoste BrC $altiniai buvo su uostu susijusi veikla ir zemés
tkio atlieky deginimas nutolusiuose regionuose. Sprendziant oro tarSos problema
reikia mazinti iSkastinio kuro deginima ir konkre¢iam regionui biidingg biomasés
deginimg grieztinant eismo ir iSmetamyjy terSaly reguliavimo priemones, skatinant
Svaresnius maisto gaminimo budus bei grieZCiau prizitirint Zemés Ukio ir pramonés
iSmetamuyjy terSaly kiekj.

Meteorologiniy duomeny analizé rodo, kad kaimo, miesto ir pakrantés vietovése
NR-PM: ir eBC koncentracijoms jtaka daré vietiniai Saltiniai ir tolimosios pernasos.
Rugsteliskyje (kaimo vietové) Siaurés, ryty ir piety véjai 1émé didesnes NR-PM; ir eBC
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koncentracijas, 0 tai nurodo didel;j tolimosios pernasos poveikj kartu su mazu vietiniy
tarsos Saltiniy indéliu, nes vietové yra nutolusi nuo dideliy pramonés ir eismo Saltiniy
(11A, 11E, 111 pav., 7 lentelé). Vilniuje (miesto vietoveé) vakary ir Siaurés vakary véjai
1émé didesnes NR-PM; ir eBC koncentracijas, kurios siejamos su miesto transporto ir
pramonés sektoriy tarsa. Atlikus plotiniy pasiskirstymy analize nustatyta, kad vietines
emisijas dar labiau sustiprino meteorologinés salygos, pvz.: mazesnis véjo greitis, todél
terSalai kaupési pazemio sluoksnyje (11B, 11F, 11J pav., 7 lentelé). Kesono mieste
didesné eBC koncentracija buvo susijusi su vyraujan¢iomis véjy kryptimis ir didesniu
véjo greidiu i ryty, o tai rodo, kad registruotai koncentracijai jtakos turéjo ir vietiniai
Saltiniai, ir tolimoji pernasa (11C, 11 pav., 7 lentel¢). Manilos Siauriniame uoste
(pakrantés vietove) vyraujantys vakary véjai turéjo jtakos padidéjusiai NR-PM; ir eBC
koncentracijai. Sioje vietovéje susidaré sudétinga saveika tarp vietiniy uosto i¥metamy
terSaly, jskaitant laivybg ir sunkigja technika, ir i nutolusiy Saltiniy perneSamy terSaly
(11D, 11H, 11L pav., 7 lentelé). Istirty skirtingy vietoviy analizé rodo, kad
veiksmingam oro kokybés valdyti reikia taikyti jvairiapusj poziirj. Butina spresti
konkreciy vietiniy Saltiniy, tokiy kaip transporto eismas, pramoniné veikla ir uosto
veikla, i§metamy terSaly problema, kartu atsizvelgiant j vyraujanéio véjo krypties ir
greiCio jtaka terSaly sklaidai. ] oro kokybés valdymo modelius jtraukus meteorologine
informacijg btty galima prognozuoti ilgesnius tarSos laikotarpius ir parengti
veiksmingas priemones tarSos poveikio mazinimui ir Zmoniy sveikatos bei aplinkos
apsaugai.

ISVADOS

1. Vidutinés valandinés NR-PM: masés koncentracijos Ruagsteliskyje,
Vilniuje ir Manilos uoste buvo atitinkamai 8.48 pg/m?, 18.98 pug/m? ir
29.52 pg/m*. Vidutinés valandiné eBC masés koncentracija
Ragsteliskyje, Vilniuje, Kesone ir Manilos uoste buvo atitinkamai 0.60
pg/m?, 2.46 ug/m?, 36.19 pg/m?® ir 10.27 pg/m?. Palyginamoji analizé
atskleidé didelius erdvinius NR-PM; ir eBC koncentracijos skirtumus
(mazéjimo tvarka): didZiausios koncentracijos nustatytos Kesono
mieste, Manilos Siaurés uoste, Vilniuje, o maziausi — Ragsteliskio
stotyje. Sezoninés kaitos tyrimai nurodé, kad Ragsteliskio kaimo
vietovéje didziausia NR-PM; koncentracija (9.07 pg/m?®) buvo pavasarj,
o didziausia eBC koncentracija (0.72 pug/m®) — rudenj. Ziemos sezono
metu ypa¢ didelés eBC koncentracijos buvo Kesono mieste (36 pg/m?)
ir Manilos uoste (10 pg/m?).

2. NR-PMy ir eBC parinés eigos analizé skirtingose aplinkose atskleidé
reikSmingg kaita, kuriag lemia antropogeninés veiklos ir nattraliy
atmosferos salygy saveika. Kaimo vietovése rytiniai OA ir eBC
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koncentracijy maksimumai atspindi biomasés deginimo ir transporto
priemoniy eismo metu i$metamy terSaly kaupimasi pazemio sluoksnyje
del Zemo maiSymosi aukscio. Miesty teritorijose dél intensyvaus eismo
ir pramoninés veiklos, ypa¢ rytinio ir vakarinio piko valandomis,
pastebimi rySkesni pariniy koncentracijy maksimumai. Pajirio
teritorijose paros eigai pana$ig jtaka daro vietinio transporto eismas,
uosto veikla ir atmosferinés salygos, t.y. véjo greitis ir atmosferos
pazemio sluoksnio dinamika.

ISsami Saltiniy kilmés nustatymo analizé nurodo, kad Rugsteliskio,
Vilniaus ir Kesono vietovése bei Manilos Siauriniame uoste
dominuojantis eBC $altinis yra iSkastinio kuro deginimas ir su transporto
priemoniy iSmetamieji terSalai, atitinkamai 90%, 85%, 81% ir 86%.
Nors ir mazesnis, biomasés deginimo indélis eBC pabrézia vietinés
tarSos jtaka, pvz.: gyvenamyjy namy Sildymas ir Zemés ikio atlieky
deginimas. Rigsteliskio, Vilniaus, Kesono ir Manilos Siaurés uosto
matavimo vietovése BrC dalis sudaré atitinkamai 14%, 18%, 22% ir
20%. Salyginai nedidelés BrC koncentracijos pagrindinis $altinis yra
biomasés deginimas, 0 jos koncentracija erdvéje kinta priklausomai nuo
vietos Zmoniy jpro¢iy, ty. maisto gaminimo, Zemés tkio atlieky
deginimo ir sezoninés veiklos, turinfios jtakos S$viesos sugerties
savybéms.

Nustatyta, kad tiek vietiniai tarSos $altiniai ir tolimoji pernasa daro
didele jtaka NR-PM; ir eBC koncentracijai kaimo, miesto ir pakrantés
vietovése. RugstelisSkio kaimo vietovéje didesnés koncentracijos buvo
susijusios su véjo kryptimis i§ piety ir vakary. Vilniuje didesnés
koncentracijos koreliavo su véjo kryptimis i§ vakary ir ryty. Kesono
vietovéje didesnés eBC koncentracijos buvo susijusios su véjo kryptimi
i§ ryty, o uosto vietovéje padidéjusi koncentracija buvo susijusi su véjo
kryptimi i§ vakary.
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