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The identification of the pollution sources of incoming carbonaceous aerosols (total aerosol mass and PMa 5) at the Preila
environment background station (Lithuania) during a winter period (2008) using the stable carbon isotope ratio §*3C is pre-
sented. For air mass transport analysis the Hybrid Single-Particle Lagrangian Integrated Trajectories (HYSPLIT) model was
used. During the experiment the aerosol carbon isotopic ratio 6*3C ranged from —24.040.1 to —30.94-0.2%0. The measure-
ment data of the total aerosol mass particle 6*>C values had not shown a significant variation and did not depend on the air
mass transport directions. The mean §'3C value of these aerosol particles was —25.5+0.7%o. It can be attributed to the lo-
cal aerosol particle origin and it is of the same order as that of marine aerosol PMz 5 §'3C values. The 6*3C values for the
aerosol particles PMs 5 transported from longer distances depended on the air mass transport directions. The mean value of
53C (—30.940.2%0) of aerosol particles in the continental air masses of the eastern direction was lower than that of aerosol
particles in relatively clear marine air masses of the western direction (—24.040.1 to —25.440.3%0). In the cases of other air
mass transport events, samples (PM2 5) collected at the Preila site were a mix of aerosol particles from the marine environment
and anthropogenic (fossil fuel combustion products) pollution sources.
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1. Introduction

Investigations of the chemical composition of aer-
osol particles, their origin and evolution are of great
importance in perceiving the processes of the climate
change, environment pollution, and the atmosphere
self-cleaning. The atmospheric aerosols absorb and
scatter direct solar radiation and the Earth’s feedback
thermal irradiation as well as they change the thermal
balance of the planet. Aerosol particles absorb gases,
various chemical substances and compounds, and have
impact on the water vapour condensation processes.
They take part in the processes of the admixture dynam-
ics in the atmosphere, stimulate photo-catalytic reac-
tions, and therefore affect the global atmospheric chem-
istry.

The total carbonaceous aerosol comprises a com-
plex mixture that is mainly classified into two frac-
tions: elemental carbon, also called black carbon or
soot, and organic carbon. The recently carried out sci-
entific research [1,2] has shown that the origin, prop-
erties, and behaviour of carbonaceous aerosols in the
atmospheric processes are determined by organic com-
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pounds formed either by burning biomass and fossil fuel
or natural compounds forming on the sea surface, in
forests, etc. Organic compounds such as polycyclic aro-
matic hydrocarbons PAH, oxy-PAH, and nitro-PAH are
potential mutagens or carcinogens that have been found
in urban particulate matter. Due to high sorption capac-
ity and optical properties, black carbon particles origi-
nated from biomass and fuel burning are also of great
importance to the atmospheric processes and they are a
good indicator of anthropogenic air pollutants.

The progress achieved by performing experimental
investigations and applying modelling results allows
a quantitative assessment of the influence of various
sources on the organic aerosol composition as well as
forecasting their total optical thickness (optical and ra-
diative properties of the atmosphere). However, the ac-
curacy of the assessment results is limited because it is
difficult to evaluate the origin of carbonaceous aerosols,
their sources and scattering depending on the air mass
transport and the climate parameters. Some attempts
were made to study stable carbon isotopes in the marine
environment for evaluation of the carbonaceous aerosol
origin [3].
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In this work the results of experimental research are
presented, the basis of which is the investigation of
13C /12C variations 613C of stable carbon isotopes in to-
tal carbonaceous aerosols and in aerosol particles with
the diameter less than 2.5 um (i. e., PMs 5) depending
on the air mass transport. The main aim of the work
is to identify the origin of carbonaceous aerosols and
the location of the anthropogenic pollution source. For
the identification of the pollution source location and
origin the investigations of relative variations of other
isotopes are also used. For example, lead isotopic ratios
are used for tracing the urban atmospheric aerosols [4],
radioactive plutonium isotopes in the identification of
radioactive pollution sources [5]. However, investiga-
tions of §'3C variations are especially expedient as they
can characterize the dynamics and balance of the carbon
cycle, the location of industrial pollution sources, and
the impact of air mass transported pollution in the inves-
tigated region. The 6'3C method is finding an increas-
ing use for the investigation of the particle pollution
in urban air [4], in studies of the marine environment
[6], as well as for the investigation of 6'3C differences
between aerosols from major continental and oceanic
sources, showing that aerosol particles over the ocean
in the Northern Hemisphere are mainly of the continen-
tal origin, while those in the Southern Hemisphere are
mostly of the marine origin [7].

2. Carbon isotopic ratios in the environment

In the environment the '2C isotope makes up 98.89%
of all naturally occurring carbon, the '3C isotope makes
up 1.11%, while radiocarbon 4C only 10710%.

The isotopic composition is a relative isotope distri-
bution of the analysed chemical element, usually the ra-
tio of a less distributed isotope to the more widely dis-
tributed isotope: 2H/'H, 13C/*2C, 1°N /14N, etc. In the
present-day literature the isotopic ratio is determined
using the dimension of § specifying (usually in thou-
sandths, %o) the deviation from the chosen standard. For
example, for carbon J is

(13C/12C)sample - (13C/12C)standard
(13C/12C)standard

It is generally agreed that the standard is the Creta-
ceous period calcite, CaCOs3 (Belemnitella Americana
or PDB). The carbon isotopic ratio *C /12C in this cal-
cite is measured very exactly with a special mass spec-
trometer and equals 0.01123724-0.0000090 [8].

In the geophysical, chemical, biologic, and other pro-
cesses occurring in the geosphere the ratio of above-

s*c =10°

mentioned isotopes varies very slightly. Some exam-
ples of §'3C are presented in Fig. 1 [9]. The max-
imum difference is observed between carbonates, at-
mospheric CO9 gas, and fossil fuel. A large differ-
ence is observed among plants, which are distinguished
by different photosynthesis mechanisms. The most
widely spread mechanism of carbon fixation is called
the Calvin cycle and it is denoted as Cg. It is typical
of most trees, bushes, grass, etc. Another mechanism
(Cy) is called the Hatch-Slack cycle. Typical repre-
sentatives of this cycle are sugarcane and maize. We
have measured the ratios of carbon isotopes for some
plants growing in Lithuania. The samples were col-
lected during the vegetation period. The value of §'3C
ranged from —28.24+0.4 to —30.1£0.2%0. These val-
ues correspond to the C3 type plants and are in agree-
ment with the published data (Fig. 1). The diagram
presented in Fig. 1 shows that different environments,
which can be sources of both anthropogenic (fossil fuel
and biomass burning) and natural (marine, forest origin
organic compounds) atmospheric aerosols, are distin-
guished by certain §'3C values of the carbon isotopic ra-
tio. They can be “fingerprints” in identifying the origin
and sources of natural and anthropogenic atmospheric
aerosols.

3. Methods

Atmospheric aerosol particles were collected on the
47 mm diameter quartz-fibre filters. The exposure time
was 24 hours and the amount of pumped air was 55 m?.
The fraction of aerosol particles of the aerodynamic size
less than 2.5 pm was separated using the LECKEL sep-
arator. The quartz-fibre filters were baked before sam-
pling at 600 °C for 3 hours to remove organic impu-
rities. After sampling they were stored in a refrigera-
tor. The filters were analysed with the elemental ana-
lyzer FlashEA 1112 connected to the stable isotope ra-
tio mass spectrometer ThermoFinnigan Delta Plus Ad-
vantage. The 1/8th part of the filter was placed into
the tin capsule and combusted in the oxidation furnace
at the temperature of 1020 °C and with the oxygen ex-
cess. Carbon of the sample oxidized into CO5 gases.
Later this gas was transferred into the reduction fur-
nace (650°C). The water from the sample in the he-
lium flow was removed using the magnesium perchlo-
rate trap (Fig. 2). Then the gas mixture was sepa-
rated in the column PoraPlot Q (50 °C). Separated gas
was delivered to the mass spectrometer ionization cell
through the gas distribution device ConFlow II1.
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Fig. 1. Some typical examples of natural §*3C values grouped according to the origin along the scale of *3C natural abundance [9].
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Fig. 2. System for bulk carbon isotopic ratio determination.

Before the analysis of a series of samples the cali-
bration COy gas was delivered to the mass spectrome-
ter until the isotopic ratio recurrence more than 0.15%
was achieved. Before determination of the carbon iso-
topic ratio and after determination, the calibration gas
was delivered to the mass spectrometer. According to
the first signal of the calibration gas, the isotopic ratio of
the sample was calculated, and according to the second
signal the measurement conditions were controlled.

4. Results

The investigations were carried out at the Preila en-
vironment background station (Lithuania). The station
is located on the eastern Baltic Sea shore (55°22'N,
21°02’E). The nearest source of anthropogenic pollu-
tion, the Klaipéda city, is at the 50 km distance. Thus,
carbonaceous atmospheric aerosols were transported to
the Preila site by continental and marine air masses. As
the main aim of the study was to identify the origin
of incoming carbonaceous aerosols, the HYSPLIT air
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Fig. 3. §'3C in total aerosol mass at the Preila background station
during 9 January — 2 February 2008.

mass backward trajectory model was used for the anal-
ysis of results [10].

The experiment was performed during two sampling
periods. The first period lasted from 9 January to 2
February 2008. Aerosol particles on the filter were col-
lected not separating them into fractions (total aerosol
mass). During this period, air mass transport from the
west dominated at the Preila site, though some was from
the northern or southern directions. The air mass trans-
port to the Preila station from the eastern or southeast-
ern directions was not observed. Bearing in mind that
collected samples were of the coarse aerosol fraction
with the lifetime of the order of one day, from back-
ward air mass trajectory analysis it is evident that dur-
ing this sampling period most of the sampled aerosols
were transported with marine air masses from the Baltic
Sea. For this air mass transport scenario the carbon
isotopic ratio values §'3C were from —24.740.3 to
—26.4+0.2%. From the experimental data (Fig. 3) it
follows that the mean 6'3C value is —25.540.7%o for
the total aerosol mass. Because the total aerosol mass
is mostly influenced by the mass of largest particles,
it is evident that this §'3C value characterizes aerosol
particles from local areas. This value indicates that the
aerosol formation is affected by the marine and other
natural precursors, for which the isotopic ratio value is
common in this region, i.e. with the relatively clean
atmospheric marine air and background environment.

The second sampling period lasted from 23 March
to 16 April 2008. For the aerosol size separation the
LECKEL PMs 5 sampler was used. This size range
of aerosol particles was chosen because the lifetime of

the PMs 5 size aerosol is from a few days to one week,
and it allows us to collect aerosol particles transported
from longer distances. During this period air masses
were transported from the eastern (Ukraine and Be-
larus), northwestern (Scandinavia and the Baltic Sea)
directions, and local spread over Lithuanian, Latvian,
Polish, and Kaliningrad (Russia) territories. For this
period the air mass 72-hour backward trajectories were
analysed. The examples of air mass transport trajecto-
ries and §'3C measurement data are shown in Fig. 4.
The measured §'3C values and trajectories show that
the carbon isotopic ratio 6'3C in air samples depends
on the air mass transport direction. The measured 6'3C
values can be divided into three groups presented in
Fig. 4 together with backward air mass trajectories typ-
ical of each group. Bearing in mind that the mean 6'3C
value of aerosol from the local region was —25.5+0.7%o
(Fig. 3), it is evident that the middle data group (see
Fig. 4) consists of a mix of aerosol particles from
the marine environment and anthropogenic pollution
sources. The upper data group (Fig. 4) indicates aerosol
particles mostly of the marine origin with §'3C values
ranging from —24.0£0.1 to —25.440.3%0. The bottom
data group (eastern air mass transport events) clearly
indicates anthropogenic pollution sources (mean §'3C
value —30.9+0.2%0).

Experimental data very closely coincide with the car-
bonaceous aerosol concentration variation measured at
the Preila site [11]. The highest concentrations of car-
bonaceous aerosol were observed in the continental air
masses, and the lowest ones in the marine air masses.
The most negative 6'3C values in our experiment are
measured in aerosols transferred by the continental air
masses. It confirms that transported aerosol particles
partly consist of the fossil fuel combustion products, the
§13C values of which are lower than —30%o.

5. Conclusions

The stable carbon isotopic ratio method is applica-
ble for the identification of atmospheric carbonaceous
aerosol sources. During the experiment (winter period,
2008) the aerosol carbon isotopic ratio §'3C ranged
from —24.0+0.1 to —30.9+0.2%o at the Preila environ-
ment background station.

The measurement data of the total aerosol mass §'3C
values had not shown a significant variation and they
did not depend on the air mass transport directions.
The mean §'3C value of these aerosol particles was
—25.540.7%0. It can be attributed to the local aerosol
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Fig. 4. Carbon isotopic ratio (§*3C) in aerosols (PMz 5) and air mass backward trajectories (23 March — 16 April 2008).
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particle origin and it is of the same order as that of ma-
rine aerosol PMs 5 §13C values.

The 6'3C values for the aerosol particles PMj 5
transported from longer distances depended on the air
mass transport directions. The mean value of §'3C
(—30.940.2%0) of aerosol particles in the continental
air masses of the eastern direction was lower than that
of aerosol particles in relatively clear marine air masses
of the western direction (—24.01+0.1 to —25.4+0.3%o).
In the cases of other air mass transport events, sam-
ples collected at the Preila site (PMs 5) were a mix of
aerosol particles from the marine environment and an-
thropogenic (fossil fuel combustion products) pollution
sources.

References

[1] S. Menon, J. Hansen, L. Nazarenko, and L. Yunfeng,
Climate effects of black carbon aerosols in China and
India, Science 297, 2250-2253 (2002).

[2] C. Venkataraman, G. Habib, A. Eiguren-Fernande,
A.H. Miguel, and S.K. Freindlander, Residential bio-
fuels in South Asia: Carbonaceous aerosol emissions
and climate impacts, Science 307, 1454—1456 (2005).

[3] J.D. Court, J.R. Goldsack, L.M. Ferrari, and H.A. Po-
lach, Use of carbon isotopes in identifying urban air
particulate sources, Clean Air 15, 611 (1981).

[4] D. Widory, S. Roy, Y. Moulec, G. Goupil, A. Cochere,
and C. Guerrot, The origin of atmospheric particles in

Paris: A view through carbon and lead isotopes, Atmos.
Environ. 38, 953-961 (2004).

[5] V. Remeikis, R. Gvozdaité, R. Druteikiené, A. Plukis,
N. Tarasiuk, and N. Spirkauskaité, Plutonium and
americium in sediments of Lithuanian lakes, Nuk-
leonika 50, 61-66 (2005).

[6] P.A. Raymond, The composition and transport of or-
ganic carbon in rainfall: Insights from the natural (*3C
and '*C) isotopes of carbon, Geophys. Res. Lett. 32,
L 14402 (2005); doi:10.1029/2005GL022879.

[7]1 H. Cachier, Isotopic characterization of carbonaceous
aerosols, Aerosol Sci. Technol. 10, 379-385 (1989).

[8] J.T. Brenna, T.N. Corso, H.J. Thobias, and R.J. Caimi,
High-precision continuous-flow isotope ratio mass
spectrometry, Mass Spectrom. Rev. 16, 227-258
(1997).

[91 W. Meier-Augenstein, Applied gas chromatography
coupled to isotope ratio mass spectrometry, J. Chro-
matogr. A 842, 351-371 (1999).

[10] R.R. Draxler and G.D. Rolph, HYSPLIT (Hybrid
Single-Particle Lagrangian Integrated Trajectory)
Model access via NOAA ARL READY Website
(http://arl.noaa.gov/ready/hysplitd.html) (NOAA Air
Resources Laboratory, Silver Spring, MD, 2003).

[11] J. Andriejauskiené, V. UleviCius, M. Bizjak, N. §pir-
kauskaité, and S. Bycenkiené, Black carbon aerosol at
the background site in the coastal zone of the Baltic
Sea, Lithuanian J. Phys. 48, 183-194 (2008).

[12] A. Milukaité, K. Kvietkus, and I. RimSelyté, Organic
and elemental carbon in coastal aerosol of the Baltic
Sea, Lithuanian J. Phys. 47, 203-210 (2007).

ATMOSFEROS AEROZOLIU SALTINIU NUSTATYMAS NAUDOJANT STABILIU ANGLIES
IZOTOPU SANTYKI

A. Garbaras, J. Andriejauskiené, R. Barisevicitité, V. Remeikis

Fizikos institutas, Vilnius, Lietuva

Santrauka

Pateikti stabiliy izotopy santykio § 13C kaitos eksperimentiniai
duomenys atmosferos aerozolio daleliy bandiniuose, surinktuose
Preilos aplinkos tyrimy stotyje 2008 m. Darbo tikslas buvo
matuojant stabilios anglies izotopy santykius identifikuoti aerozo-
lio daleliy $altinius, priklausomai nuo atneSamy oro masiy kilmés.
Anglies izotopy santykiai matuoti stabiliy izotopy masiy spek-
trometru ,,ThermoFinnigan Delta Plus Advantage. Aerozolio
daleliy pernasa oro masémis analizuota naudojant 72 val. at-
galines oro masiy pernasos trajektorijas 1500, 500 ir 50 m vir§
Zemes pavirSiaus. Trajektorijos skai¢iuotos NOAA AIR (National
Oceanic and Atmospheric Administration, Air Resource Labora-
tory, JAV) HYSPLIT modelio metodika [10]. Eksperimento laiko-
tarpiu aerozolio dalelése anglies stabiliy izotopu santykis 6**C

kito nuo —24,040,1 iki —30,9£0,2%0. Bendroje aerozolio daleliy
maséje iSmatuota stabiliy anglies izotopy santykio vidutiné verte,
kurig lémé stambios vietinés kilmés dalelés, buvo —25,540,7 %o.
Atnesty i$ tolimesniy vietoviy <2,5 um dydZio aerozolio daleliy
§'3C santykiai skyrési priklausomai nuo oro masiy pernasos kryp-
ties. Rytinés pernaSos kontinentinése oro masése §3C vidutiné
verté (—30,940,2%0) aerozolio dalelése buvo maZesné nei vakary
pernasos santykinai $varioje jurinéje oro maséje (nuo —24,010,1
iki —25,440,3%0). Gauti rezultatai parod¢, kad, vyraujant rytinei
pernasai Preilos aplinkos tyrimy stotyje, dominavo antropogeninés
kilmés anglies aerozolio dalelés. Nustatytos piety krypciy per-
nados kontinentinése oro masése aerozolio daleliy §2C santykio
vertés (nuo —26,140,1 iki —27,7+0,6%0) parodé, kad anglis aero-
zolio dalelése yra iS jvairiy Saltiniy (biogeniniy bei iSkastinio kuro
degimo produkty).



