Available at www.scientevents.com/proscience/

ProScience 1 (2014) 196-200

Stable carbon isotopic ratios of a rural aerosol at the
centre of Galicia (Spain)
Dario Prada-Rodriguez1*, Nuria Gallego-Fernández2,
María Piñeiro-Iglesias1, Soledad Muniategui-Lorenzo1,
Mª Luz Macho-Eiras2, Purificación López-Mahía1
1

Grupo Química Analítica Aplicada (QANAP), Instituto Universitario de Medio Ambiente (IUMA), Departamento
de Química Analítica, Facultade de Ciencias,
Universidade da Coruña, Campus de A Coruña, A Coruña, 15071, Spain
2
Laboratorio de Medio Ambiente de Galicia, Consellería de Medio Ambiente, Territorio e Infraestruturas, Xunta
de Galicia. Torres Quevedo 3-5, A Coruña, 15008, Spain

Abstract
Stable isotopes of C (13C) have been well exploited for decoding and tracking biogeochemical
processes in oceanography and limnology, but its exploitation for characterizing possible potential
sources of aerosols has been limited in Spain. Here, we report a stable isotopic study of bulk
carbonaceous aerosol particles over a rural site at the northwest of Spain. The concentrations of TC
(total carbon) seem to decrease from the cold to the warm period (the latest ones were about half of
the cold period ones). This decrease in TC concentrations is consistent with previous studies. 13C
values were in the range of -24,30/00 to -27,30/00, with least-negative values occurring during warm
period (periods of high biological activity) (average value -25,80/00) while polluted sample values
exhibited more-negative values during cold period (average value -26,40/00). The isotopic patterns
observed in our study are similar to the signatures motor vehicle emissions (-280/00 to -260/00). During
the cold period, the negative correlation between TC and 13C points to biomass burning as the
primary source of aerosol carbon. These results revealed that 13C values of TC aerosols are
consistent with the values obtained for aerosols from the mixed anthropogenic activities and the
specific sources such as fossil fuel and biomass burning. It is also important to note that the values
from these sources became higher when the aerosols were relatively aged. This is the first 13C data
of atmospheric carbonaceous aerosols over a rural area of Galicia.
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1. Introduction
Carbonaceous aerosols play an important role in radiative forcing and climate change of
the Earth. They are liable for visibility impairment and have impact on human health [1, 2].
Particles, composed mainly of elemental (EC) and organic carbon (OC), are a major
constituent of anthropogenic and natural aerosols. However, the relative contributions of
different emission sources of carbonaceous aerosols, their formation mechanism, and their
atmospheric transformation and transport are not well understood.
Stable carbon isotopic composition of aerosol particles has been used as a tracer to
evaluate the contribution of different sources and source regions of organic aerosols for
more than two decades. Recently, the enrichment of 13C in organic carbon was ascribed to
photochemical ageing of atmospheric aerosols. In other words, 13C values (a measure of
the ratio of stable isotopes 13C:12C, given in parts per thousand (per mil, 0/00)) of aerosol
total carbon (TC) was reported to be increased (i.e., become less negative) with aerosol
photochemical ageing. During the atmospheric oxidation process by the reaction with OH
radical, organic compounds break down to release CO 2/CO, whose isotopic composition is
enriched with the lighter isotope (12C). Meanwhile, the remaining organic matter of aerosol
particle gets enriched in the heavier isotope (13C). Thus, the enrichment of 13C in aerosol
TC can largely be attributed to aerosol photochemical processing, although initial 13C
values of the carbonaceous aerosols depend on their sources (Aggarwal et al., 2013)
The aim of this work is to estimate quantitatively the stable carbon isotopic
composition; to identify the origin of aerosol particles at a site far from anthropogenic
pollution sources.
2. Experimental
Investigations were carried out at Cospeito (43º 14’ N, 7º 33’ W), a typical rural site
located in the district of A Terra Chá, in Lugo, which is characterised by its gentle terrain,
located in a sedimentary depression notable for wetlands of various kinds, from small lakes
to rivers of different magnitudes, flood plains and so forth. Near to the sampling site (Virxe
do Monte school) it is located Cospeito wetland which belongs to Natura 2000 network.
PM 10 samples during March, April and May 2009 were collected using a Digitel
DHA-80 high volume sampler placed in a mobile air quality station belonging to the
research group Applied Analytical Chemistry-University Institute of Research in
Environmental Studies (University of A Coruna). Prior to carbon isotope analysis, the
filters were conditioned at 20±1ºC and 50±5% relative humidity and weighed.
Carbon isotopes analysis was performed using a stable Isotope Ratio Mass Spectrometer
(IRMS) calibrated by international certified reference standards (NBS-22, IAEA-CH-6 and
USGS 24). The filters were analysed with an elemental analyzer FlashEA 1112 connected
to the stable isotope ratio mass spectrometer Thermo Finnigan Delta Plus through a Conflo
II interface. Two small discs (diameter 0,9 cm) were placed into the tin capsule and
combusted in the oxidation furnace at the temperature of the 1020ºC in excess of oxygen.
Later this gas was transferred into the reduction furnace (650ºC) and separated by a GC
column (40ºC). The precision (standard deviation) for the analysis of δ13C of the laboratory
standard (acetanilide) was ± 0.15 ‰ (1-sigma, n=10).
The analysis comprised evaluation of the 13C to 12C isotope ratio, expressed as  (delta)
values and defined as the standard-normalised difference from the reference standard, and
expressed as 13C in parts per mill (0/00).
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3. Results
The variation of PM10 aerosol mass concentration is shown in Fig. 1. Mean aerosol
concentration was 19 µg/m3. PM10 concentrations are in the range of typical concentrations
found in rural areas. When analysing variations in PM10 concentration, two periods with a
distinct increase in PM10 concentration were identified (Fig. 1): (i) cold and (ii) warm. The
cold increase may be caused by heating and a poor mixing of the atmosphere layers. The
highest values were found during March, concretely the sample of March 23 rd exceed the
limit value of PM10 (50 µg/m3). During this month, a biomass combustion episode, which
affect the Northwest of the Iberian Peninsula, started on 12 March and lasted for almost 4
weeks.
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Fig. 1. Variations of PM10 concentrations.

Concentrations of total carbon (TC) in PM10 ranged from 1,05 to 12,4 µg/m3 (mean =
3,41 µg/m3) (Fig. 2). On average, TC accounted for 17% (range: 8-29%) of PM10. The
obtained δ13C values varied from -27,3 to -24,3‰ (average -26,1‰) and are similar to
those obtained by other researchers in Paris, France, where δ13C varies from -26,75 to 25,75‰; in Tuscany, Italy, it varied from -26,5 to 25,5‰ and in Mexico City, it varied
from -26,3 to -24,3‰ (Gorka et al., 2012). For the Mumbai aerosols (Aggarwal et al.,
2013), 13C values of aerosol TC ranged from -27,0 to -25,4 and the conclude that the
abundant source for the Mumbai aerosols is biofuel/biomass burning.
d13Cvpd(0/00)
-22,0

12

-23,0

µgC/m3

10

-24,0

8

-25,0

6

-26,0

4
2

-27,0

0

-28,0

Fig. 2. Temporal variation of TC and 13C.
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No statistical correlation between the concentration of PM10 and δ13C (PM10) has been
observed. The δ13C was anti-correlated with TC (r 2 = -0,38). If the condensation of volatile
and semi-volatile organics on pre-existing particles were the major process in enhancing total
carbon in aerosols, we should not observe an anti-correlation between 13C and total carbon.
According to carbon-isotope characterization of mobile and point-source emissions
reported by Widory et al. (2004), when plotted on a 13C vs. carbon concentration (%)
diagram (Fig. 3), the results confirm that, although sampling was performed in a the outside
of the school, the PM10 input is not mainly dominated by diesel traffic, and there are other
sources. The samples from April 21st, May 21st and 24th have the highest carbon
composition (13C = -24,5; -24,7 and -24,3, respectively), indicating a minor diesel
contribution.
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Fig. 3. Tracing of aerosol sources by stable carbon isotopes.

Apart from traffic, two types of anthropogenic atmospheric pollutants are dominant in
this rural area: (i) high emission from local home heating (biomass and fuel-oil combustion)
and (ii) low emission from industrial plants (the nearest is a wood transformation facility in
Rábade, at 12 km distance). As the main aim of the study was to identify the origin of
incoming carbonaceous aerosols, the HYSPLIT air mass backward trajectory model was
used for the analysis of results (Draxler & Rolph, 2013) (Rolph, 2013). During the studied
period, air mass transport from the northwest dominated at the Cospeito site, though some
was from the east and southern direction. The measured 13C values and trajectories show
that the carbon isotopic ratio 13C in air samples depends on the air mass transport
direction. The measured 13C values can be divided into five groups presented in Fig. 4
together with backward air mass trajectories typical of each group. Bearing in mind that
collected samples were of the coarse aerosol fraction with the lifetime of the order of one
day, from backward air mass trajectory analysis it is evident that during this sampling
period most of the sampled aerosols were transported with marine air masses from the
Atlantic Sea. For this air mass transport scenario the carbon isotopic ratio values 13C were
from -27,3 to -26,3 0/00 whereas the highest concentrations of carbonaceous aerosol were
observed in the eastern air masses, with the less negative values of 13C.
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Fig. 4. Distribution of 13C values.
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