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A quadrupole aerosol mass spectrometer (Q-AMS) was consecutively deployed for 6 months (March–August 2011) at an ur-
ban site (vicinity of Vilnius city) and two background sites (Rūgšteliškis, forested area; Preila, seaside area) in Lithuania. Analysis 
of semi-volatile non-refractory submicron aerosol particles (PM1) was based on measurements of chemical component mass 
concentration, assessment of long-range air masses and impact of local pollution sources on component concentration and source 
apportionment. A method for the quantification of nitrate and sulfate contributions to aerosol ammonium compounds was sug-
gested, and results indicated a greater formation of ammonium nitrate than that of ammonium sulfate. The highest average mass 
concentration of PM1 (7.69 ± 6.83 µg m–3) was found at the Vilnius site, while at the Preila site concentration was 2-fold lower 
(3.44 ± 2.65 µg m–3). Analysis of chemical compound mass concentrations in the PM1 aerosol volume indicated organics frac-
tion as the dominant at 68.8%, 77.1% and 77.0% for the Preila, Rūgšteliškis and Vilnius sites, respectively. The concentration of 
nitrate fraction at the Vilnius site was 4-fold higher than at the Preila site (1.84% and 7.68%, respectively) and was attributed to 
transport-related emissions. Results of Positive Matrix Factorization (PMF) indicated biomass burning organic aerosols (BBOA), 
hydrocarbon-like organic aerosols (HOA) and semi-volatile oxygenated organic aerosols (SV-OOA) at the urban site; BBOA, low-
volatility oxygenated organic aerosols (LV-OOA), SV-OOA at the background forested site, and LV-OOA and SV-OOA at the back-
ground seaside site. This study examines PM1 at urban and background sites in Lithuania and suggests a quantification method of 
ammonium-nitrate and ammonium-sulfate present in ammonium compounds from aerosol particles.
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1. Introduction

Ubiquitous atmospheric aerosol particles are im-
portant due to their direct and indirect effects on 
global climate change [1] and the effects of aerosols 
on ecosystems, human health [2, 3] and climate are 
well-recognized [4]. Important parameters used to 
estimate atmospheric aerosol burden and global im-
pact are size distribution [5, 6], chemical composi-
tion [5, 7] and concentration. Primary and second-
ary anthropogenic or/and natural aerosol particles 
scatter and absorb solar radiation, and act as cloud 
condensation nuclei (CCN) and/or ice condensation 
nuclei (IN). The efficiency of solar radiation scatter-
ing/absorbing and acting as CCN (which may affect 
climate) could be estimated by the size distribution 
and composition of aerosol particles [8]. Estimation 
of Earth radiative forcing (the difference of received 
and reflected solar radiation) also requires an ability 
to distinguish between natural and anthropogenic 
aerosols [4].

Natural primary aerosol particles mainly origi-
nate from volcanoes (mostly sulfur dioxide), sea 
spray (sea salt and dimethylsulfide oxidation prod-
ucts), desert/soil dust, wildfire smoke and vege-
tation processes (mostly terpenes and isoprene), 
whereas anthropogenic sources are mainly vehicles, 
industry and combustion processes in urban ar-
eas. Interaction between natural and anthropogenic 
aerosol particles, and secondary aerosol particles 
formed due to this interaction are still the field of 
active research. Secondary organic aerosol (SOA) 
particles are usually formed during homogeneous 
nucleation, condensation and heterogeneous reac-
tions of gas-phase oxidation products from natu-
ral (biogenic) as well as anthropogenic volatile and 
semi-volatile organic compounds [9], while second-
ary aerosol particles are formed from sulfate and 
ammonium nitrate compounds [10]. Studies have 
shown that components of primary aerosol parti-
cles (especially semi-volatile) can be desorbed into 
gas-phase compounds before a secondary aerosol is 
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formed, meaning that compounds undergo oxidation 
before secondary particles are formed [11]. These find-
ings lead to the conclusion that low-volatility gas phase 
precursors, including long chain n-alkanes, polycyclic 
aromatic hydrocarbons (PAHs) and large olefins, are a 
potentially large source of SOA [12]. However, other 
secondary aerosol particle components are not yet rec-
ognized [13], and the conditions leading to the forma-
tion of secondary aerosol particles are un clear [14].

Organics account for 20–90% of the entire aerosol 
volume in the submicron range (PM1), therefore size 
distribution, chemical composition and source appor-
tionment are essential to better understanding of aero-
sol particle processes on a local and global scale [15, 
16, 17]. Previous studies in Vilnius have shown that the 
organics fraction is the dominant component, with a 
mass concentration ranging between 74.1% and 82.7% 
of all semi-volatile non-refractory PM1, whereas the 
nitrate concentration is between 4.6% and 7.7% [18]. 
Organics account for 60% and 80% of the PM1 at the 
Preila site (when North-Atlantic air masses are advect-
ed), reported by studies [19] and [20], respectively.

The primary aim of this study was to analyze 
semi-volatile non-refractory PM1 by examining 
the mass concentrations of chemical compounds, 
dependence of mass concentration on long-range 

transport air masses and the source apportionment 
of the organic matter by using the Positive Matrix 
Factorization (PMF) method. The secondary objec-
tive was to demonstrate that ammonium nitrate for-
mation predominated over ammonium sulfate.

2. Methodology

2.1. Sampling sites

Geographic locations of the sites are shown in Fig. 1. 
The Rūgšteliškis sampling site is located in a national 
park in Aukštaitija, and is surrounded by a boreal and 
Scots pine trees forest (55°27’48’’N, 26°03’60’’E). The 
mean average air temperature is 5.8  °C, the highest 
point is 188.6 m a. s. l. and there are no considerable 
point pollution sources. The Preila sampling site is lo-
cated near the Baltic Sea (55°22’34’’N, 21°01’52’’E, 5 m 
a. s. l.), and the closest possible pollution sources are 
the village of Preila (2.5 km away to the East), but due 
to low population (~300 inhabitants) its effect is neg-
ligible and not considered, Nida (~1,200 inhabitants) 
10 km to the South and the city of Klaipėda (~160,000 
inhabitants) 40 km to the North. The Rūgšteliškis and 
Preila sites are considered to be background sites. The 
urban sampling site is located near the city of Vilnius, 

Fig. 1. Locations of sampling sites.
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an industrial center with a population of over 520,000 
and a residential area of 400 km2. There are two power 
stations near the sampling site, one to the North-West 
and the other to the East, while in the South and West 
there are no important sources of pollution. A more 
detailed description of the three sites can be found in 
[18, 19, 21].

The 2011 measurements were performed in the 
vicinity of Vilnius city from March  23 to June  5, at 
the Rūgšteliškis site from June 17 to July 1 and at the 
Preila site from July 3 to August 24.

2.2. Instrumentation and methods

Q-AMS (Aerodyne Research, Inc.) was used to obtain 
quantitative real-time size resolved distribution and 
chemical composition of ambient non-refractory PM1 
components, sulfate, chloride, ammonium, nitrate and 
organics. The measurements were performed every 
5 min at every sampling site, yielding 21 million mea-
surement values, which were examined.

The Q-AMS does not efficiently detect low-vola-
tility materials such as black carbon, crustal oxides 
and certain metals, but provides information on vol-
atile and semi-volatile aerosol particles with limited 
single-particle information. The instrument com-
bines vacuum and mass spectrometric techniques 
with aerosol sampling techniques. After entering 
the sampling inlet, aerosol particles are focused into 
a collimated beam while passing through an aero-
dynamic lens system [22], the stream of particles 
impacts on the vaporizer heated up to ~600 °C and 
non-refractory particles are flash vaporized. The va-
por plume is ionized by the 70 eV electron impact 
ionization source and analyzed with a quadrupole 
mass spectrometer with a mass-to-charge (m/z) res-
olution. The total mass concentration C for a par-
ticular species s can be expressed using the following 
equation [23]:

,    (1)

where Cs is expressed in μg m–3, IEs is the ionization 
efficiency of species s expressed in ions/molecule, 
Is,i are ions s–1, NA is the Avogadro’s number, MWs is 
the molecular weight of species s, and Q is the speed 
of ambient air flow into the Q-AMS in cm3 s−1. De-
tection limit is 32  ng  m–3, flow rate  is  0.85  l  min–1, 
m/z  =  1–300. A detailed description of instrument 
performance is available in study [24].

Instrument ionization efficiency was calibrated 
using 300  nm dry ammonium nitrate particles be-
fore and after the measurements, owing to its ability 

of being reasonably well-focused by the aerodynam-
ic lens system and high collection efficiency. The col-
lection efficiency value (CE) was set at 0.5 [25], and 
calibrations for the quadrupole mass, resolution and 
electron multiplier were performed. A detailed de-
scription of the performed calibrations before and 
after our experiments by using Q-AMS is given in 
studies [18, 20, 21].

The long-range air masses were defined by 
using a backward trajectory model for a Hybrid 
Single Particle Lagrangian Integrated Trajectory 
Model – HYSPLIT model [26] provided by the Na-
tional Oceanic and Atmospheric Administration 
(NOAA). The advected air mass trajectories were 
calculated every 6 hours with the backward duration 
of 72 hours at 50 m, 500 m and 1500 m above the 
ground level (AGL). Generally, the air masses were 
depicted as North (N), East (E), South (S), West (W), 
North-West (NW), North-East (NE), South-East 
(SE) and South-West (SW). Advected long-range 
air masses can have a noticeable influence on local 
mass concentration and particle size distribution up 
to 3000 km away from the emission source, thus the 
assessment of long-range transport air masses impli-
cations is important [27].

Positive Matrix Factorization (PMF), a method 
for solving functional mixing models [28, 29], was 
applied to the organics component to obtain the or-
ganics source apportionment. Calculations were per-
formed using the PMF Evaluation Tool (PET) in the 
Igor-Pro software [30]. This technique assigns organ-
ics to their origin, but the drawback to this technique 
is the subjective apportionment which depends (in 
part) on the user. The PMF was run by altering the 
number of factors up to 7, as the residual error ma-
trix decreases when the number of factors increases, 
hence yields greater accuracy for the results. How-
ever, it was crucial to assess the uniqueness of results 
after every step of factor increase. During analysis, a 
number of factors were chosen based on the stability 
of the solution and uniqueness [20].

3. Results and discussion

3.1. The average mass concentration of PM1 chemical 
components

The highest average semi-volatile non-refracto ry sub-
micron particle mass concentration of 7.69 ± 6.83 µg m–3 
was observed at the Vilnius site, while concentra-
tions were 4.19  ±  2.91  µg  m–3 at Rūgšteliškis and 
3.44  ±  2.65  µg  m–3 at the Preila site. The average 
mass concentration of PM1 components at all three 
sites is shown in Fig.  2. Organics was a dominant 
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Fig. 2. Average PM1 concentrations at the Vilnius, Rūgšteliškis and Preila sites.

 component (68.8–77.1%) of the entire semi-volatile 
non refractory PM1 aerosol volume at all three sites, 
which was consistent with previous studies [18, 19, 
20] where organics made up from 74.1% to 82.7%, 
60% and 80% of the total semi-volatile non refractory 
PM1 mass, respectively. These data indicated that or-
ganics accounted for ~70% of all PM1 in the aforemen-
tioned sampling sites under usual conditions.

It was assumed that organics at background sites 
was advected with air masses or emitted from bio ge nic 
sour ces such as sea spray at the Prei la si te or reactive 
terpenes at the Rūgš te liš kis si te [31, 32]. In urban areas, 
PM1 were compos ed mainly of primary particles of an-
thropogenic origin and secondary particles produced 
by se con da ry formation from ambient pollutants [18, 
33]. The mass concentration of nitrate in Vilnius was 
three-fold higher than at Rūgšteliškis and four-fold 
high er than at the Preila site.

One of explanations for this difference in mass con-
centration may be due to negligible dissipation resulting 
from stagnant conditions and low mixing height due to 
the low wind speed (up to 3 m s–1) during the sampling 
period in Vilnius. Secondly, the increased nitrate con-
centration in Vilnius was observed with a North-East 
wind, while the mass concentration was reduced with 
a North-West wind, suggesting an influence for nitrates 
from transportation sources [34]. Moreover, Vilnius 
city has local pollution sources such as the power plant 
situated to the East of the sampling site.

3.2. Mass concentration dependence on the origin of 
air mass

Air mass backward trajectories were calculated 
using the HYSPLIT model (described in the Instru-

mentation and methods section). The trajectories 
of air masses were divided into 8 sectors, and those 
with uncertain origin (3 or more directions) were 
rejected. Figure  3 depicts the distribution of PM1 
components (chloride, ammonium, nitrate, sulfate 
and organics) which were dependent on air mass 
trajectories at the three sites (note – ammonium and 
organics concentration is shown by half of it). The 
peak mass concentration for all PM1 components 
was observed in the presence of air masses from the 
South and South-East (Fig. 3). However, during the 
same period, local wind directions from the East 
and North-East were dominant at the Vilnius site, 
and the pollution input could not be clearly quanti-
fied, either it was due to air masses or wind direc-
tion at the Vilnius site. The peak concentration at 
the Rūgšteliškis site was observed with advected air 
masses from the South, while increased concentra-
tions were observed with North-East and South-East 
air masses at the Preila site. Sulfate was the excep-
tion at Preila, as the concentration increased with air 
masses from the sea (South-West, West and North-
West), suggesting the increased concentration of 
sulfates was due to marine aerosol particles.

3.3. Nitrate and sulfate contributions to total 
ammonium

The mass concentration of ammonium was similar at 
Rūgšteliškis and Preila (0.14 µg m–3 and 0.13 µg m–3, 
respectively), nevertheless, the median diameter for 
the accumulation mode of ammonium was higher 
at the Preila site (Fig. 4) than at Vilnius, hence sug-
gested different particles sources and formation pro-
cesses at the background and urban sites [35]. Water 
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Fig. 3. Dependence of ammonium, chloride, sulfate, nitrate and organics mass concentrations on backward air mass 
trajectories.

uptake promoted growth of ammonium particles 
at the Preila background site, which was consistent 
with the data reported in study [36], where increasing 
relative humidity induces an increase in the second-
ary aerosol mass. Furthermore, particle formation is 
also enhanced by water uptake of fine particles [37], 
as some compounds forming secondary aerosol par-
ticles are water-sensitive [38].

Q-AMS is a quantitative instrument for measure-
ments of non-refractory ammonium, even though Q-
AMS cannot distinguish and quantify the contribution 
of different compounds to the total concentration of 
certain components (e. g. which part of the ammonium 
was from ammonium nitrate and which was from am-
monium sulfate). The variance in mass concentration 
was used to evaluate the contributions of ammonium 
nitrate and ammonium sulfate to the total quantity of 
ammonium in ambient air. As the concentrations of 
nitrate and sulfate correlated with the concentration Fig. 4. Modes of ammonium at the sampling sites.

of ammonium in most studies, nitrate, sulfate and am-
monium concentration could be used to determine the 
quantity of ammonium sulfate ((NH4)2SO4) and am-
monium nitrate (NH4NO3) in ambient air. The calcula-
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tions were made by applying the least squares method 
to the ammonium concentration as a combination of 
nitrate and sulfate concentrations (Eq. (2)).

;    (2)

.  (3)

Solving Eq. (3) yielded coefficients A and B, which 
denoted the concentration of nitrate and sulfate, re-
spectively. Chloride was not considered due to its 
relatively low concentration compared to sulfate, and 
ammonium nitrate formation was dominant com-
pared to ammonium chloride [39]. Figure 5 depicts 
the period of April 2–8 at the Vilnius sampling site and 
the percent contribution of ammonium nitrate (of all 
nitrates) and the ammonium sulfate (of all sulfates) to 
the total quantity of ammonium (Table 1). Initially, it 
was expected that ammonium-sulfate would make 
a relatively larger contribution to the overall quantity 
of ammonium compared to ammonium-nitrate, which 
would confirm a commonly-accepted statement that 
nitrate aerosols were formed only if sulfate aerosols 
were fully neutralized. However, this study indicated 
that ammonium nitrate (on average 61% at the Vilnius 

and Rūgšteliškis sites and 80% at the Preila site) made 
a greater contribution than ammonium sulfate (37%, 
44% and 36% for the Vilnius, Rūgšteliškis and Preila 
sites, respectively). It is worth noting that sulfuric acid 
is indicated as the main component (but not the only 
factor) in aerosol formation [40], thus the role of other 
components should be examined in greater detail con-
sidering the influence of local conditions.

Ammonia is in the gas phase in the boundary layer 
and is converted into particulate matter at higher alti-
tudes, where the dissociation constant of ammonium 
nitrate is decreased due to lower ambient temperatu res 
[41]. Ternary H2SO4-NH3-H2O nucleation is impor-
tant to secondary aerosol formation in the boundary 
layer [42], but according to study [43] H2SO4-H2O nu-
cleation is insignificant in the boundary layer due to 
uniformly-distributed oxidized sulfuric compounds, 
however, H2SO4-H2O nucleation is dominant in the 
mid-troposphere. Nucleation and secondary aerosol 
formation processes are not fully understood and are 
still under discussion [42]. Our observations could be 
explained as follows: i) the reaction between single-
phase components (Eq. (4)) was much more likely to 
occur than between multiphase components; ii) the 
growth of particles favours ammonium nitrate; iii) 
nucleation processes; iv) the uptake of ammonia into 
acidic aerosols contributes to the formation of ammo-
nium nitrate; and v) local conditions strongly influence 
nitrate aerosol formation as a result of abundant pre-
cursor gases in ambient air [44].

Fig. 5. Ammonium nitrate and ammonium sulfate concentrations.
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NH4(g) + HNO3(g) ↔ NH4NO3 .   (4)

During the period presented in Fig. 5, local wind 
conditions were stagnant (average wind speed of 
0.7 m s–1) and a Western wind direction was predomi-
nant. The mean average temperature was 6.3 °C with a 
73% relative humidity (RH). The long-range air mass-
es of April 2–8 were unstable (NW, W, SE, S, W, NW 
and NW), and the influence of long-range air masses 
was rejected as negligible. The molar concentrations 
for nitrate, sulfate and ammonium are presented in 
Table 1. The nitrate molar concentration was nine-
fold lower at the Preila site compared to the Vilnius 
site, sulfate molar concentration was comparable at 
all three sampling sites and the ammonium molar 
concentration was ~2-fold less at background sites 
compared to the urban site. The method was evalu-
ated on the data from all three sampling sites, the lo-
cal conditions of the other sampling sites showed no 
influence on the applied method and the coincidence 
was approved for all the data.

3.4. Positive Matrix Factorization analysis for organic 
matter

The Positive Matrix Factorization (PMF) method 
developed in study [28] was used to obtain organ-
ics source apportionment. A solution of 3 factors 

was consistent with the chosen criteria (stability and 
uniqueness) at the Vilnius and Rūgšteliškis sites (Q/
Qexp = 1.3, Q/Qexp = 0.56, respectively), and a solution 
of 2 factors at the Preila site (Q/Qexp = 0.92).

Three factors were revealed at the urban sampling 
site in Vilnius: BBOA, HOA and SV-OOA (Fig.  6). 
The most distinctive tracers of BBOA were m/z = 60 
(C2H4O2

+) levoglucosan and m/z  =  73 (C3H5O2
+). The 

f60 value 0.01 (f60 is the m/z = 60 ratio to the total or-
ganics in the mass spectrum of the factor) was higher 
when compared to its value for other factors, thus the 
BBOA factor was recognized suggesting the influence 
of biomass burning emissions in Vilnius. The HOA 
factor was recognized due to the presence of f57, ac-
knowledged as the most valuable indicator of HOA. 
The f57 value was close to the reference spectrum value 
(f57  =  0.04), while other m/z values for the standard 
HOA spectrum at 27, 41, 43, 55, 57, 69, 71, 83, 85, 97 
were observed and correlated with the tracers of nitrate 
(r = 0.65, N = 1370) and sulfate (r = 0.14, N = 1370) 
particulate matter. The SV-OOA profile had an f44 value 
of 0.05, the same f44 value reported in study [45]. The 
f44 value was highest in the SV-OOA spectrum when 
compared to other factors, indicating SV-OOA consist-
ed of more-oxygenated organics than HOA (f44 = 0.04) 
and BBOA (f44 = 0.03). The SV-OOA profile correlat-
ed with its tracer, particulate nitrate (Fig. 6) (r = 0.76, 
N = 1370), indicating a relatively higher contribution 

Table 1. Nitrate and sulfate contributions to ammonium aerosol particles, and the average molar concentrations of 
nitrate, sulfate and ammonium.

Date and location NH4NO3, % (NH4)2SO4, % NO–
3, µmol m–3 SO–2

4, µmol m–3 NH+
4, µmol m–3

Vilnius
23.03/28.03.2011 63 44 0.0031 0.0026 0.0043
28.03/01.04.2011 70 44 0.0138 0.0080 0.0166
02.04/07.04.2011 66 38 0.0193 0.0104 0.0206
07.04/18.04.2011 70 33 0.0155 0.0092 0.0165
18.04/22.04.2011 54 40 0.0076 0.003 0.0063
22.04/04.05.2011 56 37 0.0149 0.0256 0.0274
04.05/13.05.2011 44 38 0.0071 0.0081 0.0092
13.05/19.05.2011 70 30 0.0039 0.0075 0.0071
24.05/26.05.2011 57 33 0.0008 0.0096 0.0067

Average 61 37 0.0096 0.0093 0.0127
Rūgšteliškis

17.06/24.06.2011 65 45 0.0026 0.0098 0.0107
24.06/01.07.2011 58 43 0.0009 0.0053 0.0051

Average 61 44 0.0017 0.0075 0.0079
Preila

03.07/16.07.2011 100 35 0.0011 0.0106 0.0089
16.07/27.07.2011 55 39 0.0009 0.0100 0.0084
31.07/08.08.2011 34 36 0.0011 0.0084 0.0064
08.08/18.08.2011 66 34 0.0009 0.0065 0.0050
18.08/24.08.2011 100 39 0.0011 0.0090 0.0085

Average 80 36 0.0010 0.0089 0.0074
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Fig. 6. (a) BBOA factor m/z spectra, (b) HOA factor m/z spectra and 
time series with tracers and (c) SV-OOA factor m/z spectra and time 
series with tracer at the Vilnius site.

for fresher secondary aerosol particles 
than aged secondary aerosol particles 
(r (SV-OOA – SO4) = 0.14, N = 1370) 
[30].

During the June 17–24 period, 3 fac - 
tors (BBOA, LV-OOA, SV-OOA) were 
indicated at the Rūgšteliškis back-
ground sampling site (Supplementary 
material, Fig. 1). It was likely that the 
BBOA factor was increased due to 
the bonfires in Lithuania and neigh-
bouring Latvia during the national 
holidays (June  21–24). The f44 values 
for SV-OOA and LV-OOA were 0.02 
and 0.18, respectively, relatively close 
to the values of 0.05 and 0.16 report-
ed in [45]. The lower contribution of 
m/z  =  44 suggested the SV-OOA at 
Rūgšteliškis was less-oxygenated and 
fresher than the urban site, which con-
firmed Rūgšteliškis was a background 
site. The LV-OOA time-series correlat-
ed with the sulfate particulate (r = 0.42, 
N  =  2043), which was similar to that 
reported in [18], while the SV-OOA 
time series correlated with particulate 
nitrate (r  =  0.25, N  =  2043) (Supple-
mentary material, Fig. 1  (b),  (c)). The 
biogenic m/z = 27 tracer was observed 
for BBOA and SV-OOA, with f27 = 0.01 
for both factors.

Two factors (LV-OOA and SV-
OOA) were identified at the back-
ground site of Preila, which accounted 
for 64% and 34.4% to the total organic 
mass, respectively (Supplementary ma-
terial, Fig.  2). Factor BBOA was neg-
ligible due to the seasonal conditions. 
LV-OOA and SV-OOA factors were 
similar to those reported in [20], how-
ever, one must be cautious when evalu-
ating the contribution of factors due to 
the contrary results reported for this 
site, where LV-OOA contributed 22% 
and SV-OOA 63% to the total organic 
mass [20]. LV-OOA correlated with 
particulate sulfate (r = 0.63, N = 1657) 
and SV-OOA correlated with par-
ticulate nitrate (r = 0.62, N = 1657). It 
should be noted that SV-OOA factors 
with values of m/z = 18, 27, 41, 43, 44, 
55, 58, 60, 69, 79, 83, 91 were very simi-
lar to those reported/defined as the 
BGOA factor in [20, 46]. The SV-OOA 
f44 values at the Preila and Rūgšteliškis 
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sites were 0.18, suggesting this ratio was a typical SV-
OOA f44 value for background sites, however, further 
experiments would be required to confirm this pre-
diction.

4. Conclusions

This study revealed organics as the most abundant 
component at all three sampling sites, which account-
ed for 68.8–77.1% of the PM1, and suggested that 
under typical conditions, organics account for ~70% 
of the measured semi-volatile non-refractory submi-
cron particle mass concentration PM1 in Lithuania.

The concentration of nitrates in the urban Vil-
nius site was four-fold higher than in the background 
Preila site and three-fold higher than in the back-
ground Rūgšteliškis site (7.68%, 2.50% and 1.84%, 
respectively). The increased PM1 concentration in 
Vilnius correlated with a North-East wind direction 
(directly from the city center), while a rapid increase 
in PM1 concentration was observed when air masses 
prevailed from the East in Rūgšteliškis and for North-
East/South-East air masses in Preila. These indicated 
that Vilnius city was under the influence of traffic-
related nitrates, whereas Preila and Rūgšteliškis were 
influenced by advected long-range air masses.

The variances in component mass concentrations 
(ammonium, sulfate and nitrate) indicated which 
part of sulfates and nitrates in aerosol particles is 
ammonium-sulfate and ammonium-nitrate. Am-
monium nitrate (on the average 61%, 80% and 61% 
in Vilnius, Preila and Rūgšteliškis sites, respectively) 
formation was dominant compared to ammonium 
sulfate (on the average 37%, 44% and 36% in Vil nius, 
Rūgšteliškis and Preila sites, respectively), due to uni-
formity in the components phase, particle growth 
processes, particle nucleation and local conditions.

PMF analysis at Rūgšteliškis and Preila confirmed 
them to be background sites, where less-oxygenated 
and fresher particles dominated. The typical value of 
f44 in SV-OOA at backgrounds sites should be about 
0.18, but it must be confirmed by further investigation.

This study partially characterized atmospheric 
submicron aerosol particles and their sources in ur-
ban and background sites. However, additional mea-
surements are needed to better understand the pro-
cesses on-going in atmospheric submicron aerosol 
particles.

References

 [1] U. Lohmann and J. Feichter, Global indirect aero-
sol effects: a review, Atmos. Chem. Phys. 5, 715–
737 (2005).

 [2] J. Ovadnevaite, K. Kvietkus, and A. Maršalka, 2002 
summer fires in Lithuania: Impact on the Vilnius 
city air quality and the inhabitants health, Sci. 
Total Environ. 356(1–3), 11–21 (2006).

 [3] C.P.  Chio and C.M.  Liao, Assessment of atmos-
pheric ultrafine carbon particle induced hu-
man health risk based on surface area dosimetry, 
Atmos. Environ. 42, 8575–8584 (2008).

 [4] S. Solomon, D. Qin, M. Manning, Z. Chen, M. Mar-
quis, K.B.  Averyt, M.  Tignor, and H.L.  Mil ler, 
Climate Change 2007: The Physical Scien ce Basis, 
Contribution of Working Group I to the Fourth 
Assessment Report of the Inter governmental Panel 
on Climate Change (Cam brid ge University Press, 
Cambridge, United King dom and New York, NY, 
USA, 2007), http: //www.ipcc.ch/ipccreports/ar4-
wg1.html, accessed September 2013.

[5] Y.J. Kaufman, D. Tanre, and O. Boucher, A satellite 
view of aerosols in the climate system, Nature 419, 
215–223 (2002).

 [6] Atmospheric Aerosol Properties and Climate Im­
pacts, Synthesis and Assessment Product 2.3, 
Report by the U.S. Climate Change Science 
Program and the Subcommittee on Global Change 
Research (2009).

 [7] M.  Hori, O.  Schio, M.  Naoto, and I.  Sadamu, 
Activation capability of water soluble organic sub-
stances as CCN, J. Aerosol Sci. 34, 419–448 (2003).

 [8] P. Forster, V. Ramaswamy, P. Artaxo, T. Berntsen, 
R.  Betts, D.W.  Fahey, J.  Haywood, J.  Lean, 
D.C.  Lowe, G.  Myhre, J.  Nganga, R.  Prinn, 
G. Raga, M. Schulz, and R. Van Dorland, Changes 
in atmospheric constituents and in radiative forc-
ing, in: Climate Change 2007: The Physical Science 
Basis, eds.  S.  Solomon, D.  Qin, M.  Manning, 
Z.  Chen, M.  Marquis, K.B.  Averyt, M.  Tignor, 
and H.L.  Miller, Contribution of Working 
Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change 
(Cambridge University Press, Cambridge, United 
Kingdom and New York, USA) pp.  129–234 
(2007).

 [9] R.A.  Zaveri, W.J.  Shaw, D.J.  Cziczo, B.  Schmid, 
R.A.  Fer rare, M.L.  Alexander, M.  Alexandrov, 
R.J. Al va rez, W.P. Arnott, D.B. Atkinson, S. Baidar, 
R.M.  Banta, J.C.  Barnard, J.  Beranek, L.K.  Berg, 
F.  Brechtel, W.A.  Brewer, J.F.  Cahil, B.  Cairns, 
C.D.  Cappa, D.  Chand, S.  China, J.M.  Comstock, 
M.K. Dubey, R.C. Easter, M.H. Erickson, J.D. Fast, 
C. Floerchinger, B.A. Flowers, E. Fortner, J.S. Gaffney, 
M.K.  Gilles, K.  Gorkowski, W.I.  Gustafson, 
M. Gyawali, J. Hair, R.M. Hardesty, J.W. Harworth, 
S. Herndon, N. Hiranuma, C. Hostetler, J.M. Hubbe, 
J.T.  Jayne, H.  Jeong, B.T.  Jobson, E.I.  Kassianov, 
L.I. Kleinman, C. Kluzek, B. Knighton, K.R. Kolesar, 
C. Kuang, A. Kubatova, A.O. Langford, A. Laskin, 
N.  Laulainen, R.D.  Marchbanks, C.  Mazzoleni, 
F.  Mei, R.C.  Moffet, D.  Nelson, M.D.  Obland, 



E. Meinorė et al. / Lith. J. Phys. 54, 244–255 (2014)253

H.  Oetjen, T.B.  Onasch, I.  Ortega, M.  Ottaviani, 
M. Pe kour, K.A. Prather, J.G. Radney, R.R. Rogers, 
S.P.  Sand berg, A.  Sedlacek, C.J.  Senff, G.  Senum, 
A.  Setyan, J.E.  Shil ling, M.  Shrivastava, C.  Song, 
S.R. Springs ton, R. Subra manian, K. Suski, J. Tom-
linson, R.  Volkamer, H.W.  Wallace, J.  Wang, 
A.M. Weick mann, D.R. Wors nop, X.Y. Yu, A. Zele-
nyuk, and Q. Zhang, Overview of the 2010 Carbo-
na ceous Aerosols and Radiative Effects Study 
(CARES), Atmos. Chem. Phys. 12, 7647–7687 
(2012).

 [10] J.H.  Seinfeld and S.N.  Pandis, Atmospheric Che­
mistry and Physics: From Air Pollution to Climate 
Change, 2nd ed. (John Wiley  &  Sons, Inc., New 
York, 2006).

 [11] A.L. Robinson, N.M. Donahue, M.K. Shrivastava, 
E.A. Weit kamp, A.M. Sage, A.P. Grieshop, T.E. La-
ne, J.R. Pierce, and S.N. Pandis, Rethinking organic 
aerosols: Semivolatile emissions and photochemi-
cal aging, Science 315, 1259–1262 (2007).

 [12] M.  Dall’Osto and R.M.  Harrison, Urban organic 
aerosols measured by single particle mass spec-
trometry in the megacity of London, Atmos. 
Chem. Phys. 12, 4127–4142 (2012).

 [13] A.H.  Goldstein, D.R.  Worton, B.J.  Williams, 
S.V.  Hering, N.M.  Kreisberg, O.  Panic, and 
T.  Gorecki, Thermal desorption comprehensive 
two-dimensional gas chromatography for in-situ 
measurements of organic aerosols, J. Chromatogr. 
1186, 340–347 (2008).

 [14] M. Hallquist, J.C. Wenger, U. Baltensperger, Y. Ru-
dich, D. Simpson, M. Claeys, J. Dommen, N.M. Do-
nahue, C. George, A.H. Goldstein, J.F. Hamilton, 
H.  Herrmann, T.  Hoffmann, Y.  Iinuma, M.  Jang, 
M.E.  Jenkin, J.L.  Jimenez, A.  Kiendler-Scharr, 
W. Maenhaut, G. McFiggans, Th.F. Mentel, A. Mo-
nod, A.S.H.  Prevot, J.H.  Seinfeld, J.D.  Surratt, R. 
Szmigielski, and J. Wildt, The formation, proper-
ties and impact of secondary organic aerosol: cur-
rent and emerging issues, Atmos. Chem. Phys. 9, 
5155–5236 (2009).

 [15] M. Kanakidou, J.H. Seinfeld, S.N. Pandis, I. Barnes, 
F.J.  Den te ner, M.C.  Facchini, R.  Van  Dinge-
nen, B.  Er vens, A.  Nenes, C.J.  Nielsen, E.  Swietli-
cki, J.P.  Pu taud, Y.  Balkanski, S.  Fuzzi, J.  Horth, 
G.K.  Moort gat, R.  Winterhalter, C.E.L.  Myhre, 
K. Tsi ga ridis, E. Vignati, E.G. Stephanou, and J. Wil-
son, Organic aerosol and global climate modelling: 
a review, Atmos. Chem. Phys. 5, 1053–1123 (2005).

 [16] Q. Zhang, J.L. Jimenez, M.R. Canagaratna, J.D. Al-
lan, H.  Coe, I.  Ulbrich, M.R.  Alfarra, A.  Takami, 
A.M. Mid dlebrook, Y.L. Sun, K. Dzepina, E. Dunlea, 
K.  Do cherty, P.F.  DeCarlo, D.  Salcedo, T.  Onasch, 
J.T. Jay ne, T. Miyoshi, A. Shimono, S. Hatakeyama, 
N. Ta kegawa, Y. Kondo, J. Schneider, F. Drewnick, 
S.  Bor rmann, S.  Weimer, K.  Demerjian, P.  Wil-
liams, K. Bower, R. Bahreini, L. Cottrell, R.J. Griffi n, 
J. Rautiainen, J.Y. Sun, Y.M. Zhang, and D.R. Wors-

nop, Ubiquity and dominance of oxygenated spe-
cies in organic aerosols in anthropogenically-
influenced Northern Hemisphere midlatitudes, 
Geophys. Res. Lett. 34, L13801, http://dx.doi.
org/10.1029/2007GL029979 (2007).

 [17] J.L.  Jimenez, M.R.  Canagaratna, N.M.  Donahue, 
A.S.H.  Prevot, Q.  Zhang, J.H.  Kroll, P.F.  DeCarlo, 
J.D. Al lan, H. Coe, N.L. Ng, A.C. Aiken, K.D. Do-
cherty, I.M. Ulbrich, A.P. Grieshop, A.L. Robinson, 
J.  Dup lissy, J.D.  Smith, K.R.  Wilson, V.A.  Lanz, 
C.  Hueg lin, Y.L.  Sun, J.  Tian, A.  Laaksonen, 
T.  Raati kainen, J.  Rautiainen, P.  Vaattovaara, 
M. Ehn, M. Kulmala, J.M. Tomlinson, D.R. Collins, 
M.J.  Cubison, E.J.  Dunlea, J.A.  Huffman, 
T.B. Onasch, M.R. Alfarra, P.I. Williams, K. Bower, 
Y.  Kon do, J.  Schneider, F.  Drewnick, S.  Borrmann, 
S.  Weimer, K.  Demerjian, D.  Salcedo, L.  Cottrell, 
R.  Griffin, A.  Takami, T.  Miyoshi, S.  Hatakeyama, 
A.  Shimono, J.Y.  Sun, Y.M.  Zhang, K.  Dzepina, 
J.R.  Kimmel, D.  Sueper, J.T.  Jayne, S.C.  Herndon, 
A.M.  Trimborn, L.R.  Williams, E.C.  Wood, 
C.E. Kolb, A.M. Middlebrook, U. Baltensperger, and 
D.R. Worsnop, Evolution of Organic Aerosols in the 
Atmosphere, Science 326, 1525–1529 (2009).

 [18] K. Kvietkus, J. Šakalys, I. Rimšelytė, J. Ovadnevaite, 
V. Remeikis, and V. Špakauskas, Characterization 
of aerosols sources at urban and background sites 
in Lithuania, Lithuanian J. Phys. 51, 65–74 (2011).

 [19] I. Rimšelytė, J. Ovadnevaitė, D. Čeburnis, K. Kviet-
kus, and E. Pesliakaitė, Chemical composition and 
size distribution of fine aerosol particles on the 
east coast of the Baltic Sea, Lithuanian J. Phys. 
47(4), 523–529 (2007).

 [20] I.  Garbariene, K.  Kvietkus, J.  Šakalys, J.  Ovad-
nevaitė, and D. Čeburnis, Biogenic and anthropo-
genic organic matter in aerosol over continental 
Europe: source characterization in the east Baltic 
region. J. Atmos. Chem. 69, 159–174 (2012).

 [21] J. Ovadnevaite, D. Ceburnis, K. Plauskaite-Sukiene, 
R.  Modini, R.  Dupuy, I.  Rimselyte, M.  Ramonet, 
K.  Kvietkus, Z.  Ristovski, H.  Berresheim, and 
C.D.  O’Dowd, Volcanic sulphate and arctic dust 
plumes over the North Atlantic Ocean, Atmos. 
Environ. 43, 4968–4974 (2009).

 [22] P. Liu, P.J. Ziemann, D.B. Kittelson, and P.H. Mc-
Murry, Generating particle beams of controlled 
dimensions and divergence: I. Theory of particle 
motion in aerodynamic lenses and nozzle expan-
sions, Aerosol Sci. Technol. 22, 293–313 (1995).

 [23] M.R. Canagaratna, J.T. Jayne, J.L. Jimenez, J.D. Al-
lan, M.R. Alfarra, Q. Zhang, T.B. Onasch, F. Drew-
nick, H. Coe, A. Middlebrook, A. Delia, L.R. Wil-
liams, A.M. Trimborn, M.J. Northway, P.F. DeCarlo, 
C.E.  Kolb, P.  Davidovits, and D.R.  Worsnop, 
Chemical and microphysical characterization of 
ambient aerosols with the aerodyne aerosol mass 
spectrometer, Mass Spectrom. Rev. 26, 185–222 
(2007).

http://dx.doi.org/10.1029/2007GL029979
http://dx.doi.org/10.1029/2007GL029979


E. Meinorė et al. / Lith. J. Phys. 54, 244–255 (2014)254

 [24] J.T.  Jayne, D.C.  Leard, X.F.  Zhang, P.  Davidovits, 
K.A.  Smith, C.E.  Kolb, and D.R.  Worsnop, 
Development of an aerosol mass spectrometer for 
size and composition analysis of submicron parti-
cles, Aerosol Sci. Technol. 33, 49–70 (2000).

 [25] A.  Middlebrook and R.  Bahreini, Applying 
Laboratory Collection Efficiencies to Ambient Field 
Data, AMS Users’ Meeting 2008 (2008).

 [26] R.R. Draxler and G.D. Rolph, HYSPLIT (HYbrid 
Single­Particle Lagrangian Integrated Trajectory) 
Model access via NOAA ARL READY Website 
(NOAA Air Resources Laboratory, College Park, 
MD, 2013), http://ready.arl.noaa.gov/HYSPLIT.
php, accessed September 2013.

 [27] K. Kvietkus, J. Šakalys, J. Didžbalis, I. Garbarienė, 
N.  Spirkauskaite, and V.  Remeikis, Atmospheric 
aerosol episodes over Lithuania after the May 2011 
volcano eruption at Grimsvotn, Iceland, Atmos. 
Res. 122, 93–101 (2012).

 [28] P. Paatero and U. Tapper, Positive matrix factori-
zation: A non-negative factor model with opti-
mal utilization of error-estimates of data values, 
Environmetrics 5, 111–126 (1994).

 [29] P.  Paatero, Least squares formulation of robust, 
non-negative factor analysis, Chemom. Intell. Lab. 
Sys. 37, 23–35 (1997).

 [30] I.M.  Ulbrich, M.R.  Canagaratna, Q.  Zhang, 
D.R.  Worsnop, and J.L.  Jimenez, Interpretation 
of organic components from Positive Matrix 
Factorization of aerosol mass spectrometric data, 
Atmos.Chem. Phys. 9, 2891–2918 (2009).

 [31] B. Gantt, N. Meskhidze, M.C. Facchini, M. Rinaldi, 
D. Ceburnis, and C.D. O’Dowd, Wind speed de-
pendent size-resolved parameterization for the 
organic mass fraction of sea spray aerosol, Atmos. 
Chem. Phys. 11, 8777–8790 (2011).

 [32] E. Finessi, S. Decesari, M. Paglione, L. Giulianelli, 
C.  Carbone, S.  Gilardoni, S.  Fuzzi, S.  Saarikoski, 
T. Raatikainen, R. Hillamo, J. Allan, Th.F. ThMentel, 
P.  Tiitta, A.  Laaksonen, T.  Petaja, M.  Kulmala, 
D.R. Worsnop, and M.C. Facchini, Determination 
of the biogenic secondary organic aerosol fraction 
in the boreal forest by NMR spectroscopy, Atmos. 
Chem. Phys. 12, 941–959 (2012).

 [33] M.  Dall’Osto, R.M.  Harrison, D.C.S.  Beddows, 
E.J. Freney, M.R. Heal, and R.J. Donovan, Single-
particle detection efficiencies of aerosol time-of-
flight mass spectrometry during the North Atlantic 
marine boundary layer experiment, Environ. Sci. 
Technol. 40, 5029–5035 (2006).

 [34] C. O’Dowd, D. Ceburnis, J. Ovadnevaite, G. Mar tuc-
ci, J. Bialek, C. Monahan, H. Berresheim, A. Vaishya, 
T.  Grigas, S.G.  Jennings, P.  McVeigh, S.  Varghese, 
R.  Flanagan, D.  Martin, E.  Moran, K.  Lambkin, 
T.  Semmler, C.  Perrino, and R.  McGrath, The 
Eyjafjallajökull ash plume – Part I: Physical, chemi-
cal and optical characteristics, Atmos. Environ. 48, 
129–142 (2011).

 [35] J.H.  Seinfeld and S.N.  Pandis, Atmospheric Che­
mistry and Physics: From Air Pollution to Climate 
Change (Wiley-Interscience, New York, 1998).

 [36] J.H.  Seinfeld, G.B.  Erdakos, W.E.  Asher, and 
J.F. Pankow, Modeling the formation of secondary 
organic aerosol (SOA). 2. The predicted effects of 
relative humidity on aerosol formation in the a-
pinene-, b-pinene-, sabinene-, D (3)-carene-, and 
cyclohexene-ozone systems, Environ. Sci. Technol. 
35(9), 1806–1817 (2001).

 [37] C.J.  Henningan, M.H.  Bergin, J.E.  Dibb, and 
R.J.  Weber, Enhanced secondary organic aerosol 
formation due to water uptake by fine particles, 
Geophys. Res. Lett. 35, 1944–8007 (2008).

 [38] B.K. Pun and C. Seigneur, Investigative modeling 
of new pathways for secondary organic aerosol for-
mation, Atmos. Chem. Phys. 7, 2199–2216 (2007).

 [39] H.H.  Du, L.D.  Kong, T.T.  Cheng, J.M.  Cheng, 
X.  Yang, R.Y.  Zhang, Z.W.  Han, Z.  Yan, and 
Y.L. Ma, Insights into ammonium particle-to-gas 
conversion: non-sulfate ammonium coupling with 
nitrate and chloride, Aerosol Air Qual. Res. 10, 
589–595 (2010).

 [40] C. O’Dowd, G. McFiggans, D.J. Creasey, L. Pirjola, 
C.  Hoell, M.H.  Smith, B.  Allan, J.M.C.  Plane, 
D.E. Heard, J.D. Lee, M.J. Pilling, and M. Kulmala, 
On the photochemical production of new particles 
in the coastal boundary layer, Geophys. Res. Lett. 
26, 1707–1710 (1999).

 [41] J.A. Neuman, J.B. Nowak, C.A. Brock, M. Trainer, 
F.C.  Feh sen feld, J.S.  Holloway, G.  Hubler, 
P.K. Hud son, D.M. Murphy, D.K. Nicks, D. Orsini, 
D.D. Parrish, T.B. Ryerson, D.T. Sueper, A. Sullivan, 
and R.  Weber, Variability in ammonium nitrate 
formation and nitric acid depletion with altitude 
and location over California, J. Geophys. Res., 
http://dx.doi.org/10.1029/2003JD003616 (2003).

 [42] J. Merikanto, I. Napari, H. Vehkamaki, T. Anttila, 
and M. Kulmala, New parameterization of sulfu-
ric acid-ammonia-water ternary nucleation rates 
at tropospheric conditions, J. Geophys. Res. 112, 
D15207 (2007).

 [43] J. Kirkby, J. Curtius, J. Almeida, E. Dunne, J. Duplissy, 
S. Ehrhart, A. Franchin, S. Gagné, L. Ickes, A. Kürten, 
A.  Kupc, A.  Metzger, R.  Ric co bono, L.  Rondo, 
S.  Schobesberger, G.  Tsag ko georgas, D.  Wimmer, 
A. Amorim, F. Bianchi, M. Brei ten lechner, A. David, 
Dommen, J.A.  Dow nard, M.  Ehn, R.C.  Flagan, 
S. Haider, A. Hansel, D. Hau ser, W. Jud, H. Junninen, 
F.  Kreissl, A.  Kvas hin, A.  Laaksonen, K.  Lehtipalo, 
J.  Lima, E.R.  Lovejoy, V. Makhmutov, S.  Mathot, 
J.  Mikkilä, P.  Min ginette, S.  Mogo, T.  Nieminen, 
A.  Onnela, P.  Pe reira, T.  Petäjä, R.  Schnitzhofer, 
J.H. Seinfeld, M. Si pilä, Y. Stozhkov, F. Stratmann, 
A.  Tomé, J.  Van hanen, Y.  Viisanen, A.  Vrtala, 
P.E. Wagner, H. Walther, E. Weingartner, H. Wex, 
P.M.  Winkler, K.S.  Carslaw, D.R.  Worsnop, 
U.  Baltensperger, and M.  Kulmala, Role of 

http://ready.arl.noaa.gov/HYSPLIT.php
http://ready.arl.noaa.gov/HYSPLIT.php
http://adsabs.harvard.edu/cgi-bin/author_form?author=Trainer,+M&fullauthor=Trainer, M.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Fehsenfeld,+F&fullauthor=Fehsenfeld, F. C.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Huebler,+G&fullauthor=H%c3%bcbler, G.&charset=UTF-8&db_key=PHY
http://dx.doi.org/10.1029/2003JD003616
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-1
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-2
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-3
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-4
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-5
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-6
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-7
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-8
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-9
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-10
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-11
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-12
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-13
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-14
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-15
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-16
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-17
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-18
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-19
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-20
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-21
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-22
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-23
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-24
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-25
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-26
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-28
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-29
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-30
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-31
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-32
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-33
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-34
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-35
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-36
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-37
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-38
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-39
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-40
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-41
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-42
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-43
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-44
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-45
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-46
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-47
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-48
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-49
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-50
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-51
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-52
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-53
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-54
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-55
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-56
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-57
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-58
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-59
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-60
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-61
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-62
http://www.nature.com/nature/journal/v476/n7361/full/nature10343.html#auth-63


E. Meinorė et al. / Lith. J. Phys. 54, 244–255 (2014)255

sulphuric acid, ammonia and galactic cosmic rays 
in atmospheric aerosol nucleation, Nature 476, 
429–433 (2011).

 [44] L.  Xu and J.E.  Penner, Global simulations of ni-
trate and ammonium aerosols and their radiative 
effects, Atmos. Chem. Phys. 12, 9479–9504 (2012).

 [45] N.L. Ng, M.R. Canagaratna, J.L. Jimenez, Q. Zhang, 
I.M. Ulbrich, and R. Worsnop, Real-time methods 
for estimating organic component mass concen-

trations from aerosol mass spectrometer data, 
Environ. Sci. Technol. 45, 910–916 (2011).

 [46] J.  Ovadnevaite, D.  Ceburnis, M.R.  Canagaratna, 
H.  Ber resheim, J.  Bialek, G.  Martucci, D.R.  Wors-
nop, and C.D.  O’Dowd, On the effect of wind 
speed on submicron sea salt mass concentrations 
and source fluxes, J. Geophys. Res., http://dx.doi.
org/10.1029/2011JD017379 (2012).

SUBMIKRONINĖS FRAKCIJOS ATMOSFEROS AEROZOLIO DALELIŲ ŠALTINIAI, 
CHEMINĖ SUDĖTIS IR KONCENTRACIJA MIESTO IR FONINĖSE VIETOVĖSE

E. Meinorė, J. Šakalys, K. Kvietkus

Valstybinis mokslinių tyrimų institutas Fizinių ir technologijos mokslų centras, Vilnius, Lietuva

Santrauka
Vilniaus mieste, Rūgšteliškio ir Preilos foninėse 

matavimų stotyse 2011  m. kovo–rugpjūčio  mėn. nau-
dojant kvadrupolinį aerozolių masės spektrometrą 
(Q – AMS) buvo atliekami pusiau lakių (amonio, sulfato, 
chloro, nitrato, organinių junginių) submikroninės frakci-
jos atmosferos aerozolio dalelių (PM1) koncent racijos, 
pasiskirstymo pagal chemines komponentes bei jų kilmės 
šaltinių identifikavimo tyrimai. Analizė ir vertinimas 
remiasi cheminių komponenčių koncent racijos mata-
vimo rezultatais, tolimųjų pernašų duomenimis, vietinių 
taršos šaltinių įtakos vertinimu pagal PMF metodą. 
Pasiūlytas nitratų ir sulfatų kiekybinio indėlio į aerozolio 
dalelių amonio junginius metodas parodė, jog esant tam 
tikroms sąlygoms gali dominuoti amonio nitrato, o ne 
amonio sulfato aerozolio dalelių susidarymas. Didžiausia 
vidutinė PM1 koncentracija (7,69 µg m–3 ± 6,83 µg m–3) 

nu statyta Vilniaus mieste, o Preiloje – dvigubai mažesnė 
(3,44  µg  m–3  ±  2,65  µg  m–3). Nustatyta, jog organinių 
junginių dalis sudarė didžiąją dalį visos pusiau lakių PM1 
koncentracijos, atitinkamai 68,8, 77,1 ir 77,0  % Preilos, 
Rūgšteliškio ir Vilniaus matavimo stotyse. Pažymėtina, 
kad Preiloje submikroninės frakcijos aerozolio dalelių 
nitratų komponentės koncentracija (1,84 %) buvo 4 kar-
tus mažesnė nei Vilniaus mies te (7,68 %), kur didžiausias 
nitratų šaltinis  –  transporto priemonių išmetamųjų 
medžiagų emisija. Pagal PMF analizės metodą buvo iden-
tifikuoti BBOA, HOA, SV-OOA šaltiniai Vilniaus mieste 
ir BBOA, LV-OOA, SV-OOA miškingoje Rūgšteliškio 
stotyje bei LV-OOA, SV-OOA Preilos matavimų stotyje. 
Šiame darbe pateikiama PM1 analizė miesto ir foninėse 
vietovėse bei amonio nit rato ir amonio sulfato kiekybinio 
indėlio į amonio aerozolio daleles metodas.
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