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HIGHLIGHTS

GRAPHICAL ABSTRACT

Particulate matter PM;, in Antarctic re-
gion (Deception Island) was analyzed.
Low volume sampler was used to cap-
ture the aerosol particles (PMyy).
Enrichment factors of Pb, Cr, Cu and Zn
were calculated.

Statistical tools were used to establish
the correlations between the elements.
Polar Contour Maps were used to deter-
mine the origin of pollutants
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The present work reports on the analysis of atmospheric aerosols in the Antarctic region, Deception Island, col-
lected during austral summer 2016-2017 by field measurements carried from Gabriel de Castilla Spanish Re-
search Station. A low-volume sampler was used to capture the aerosols depositing them onto the air filters. A
chemical analysis of the samples using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) and Inductively
Coupled Plasma-Atomic Emission Spectroscopy (ICP-AES) provided the total carbon (TC), organic carbon (OC),
elemental Carbon (EC) and elements such as Al, Ca, Fe, K, Mg, Na, P, S, Cu, Pb, Sr, Ti, Zn and Cr. The average
mass concentration of particulate matter (PM;) originated by natural and anthropogenic activities was calcu-
lated as 10 + 4 pg/m?>, although values such as 28.2 ug/m?> were also obtained which is very high even when com-
pared to other places in the coast of the Antarctic region. In addition, high enrichment factors have been found for
elements such as Pb, Cr, Cu and Zn showing a remote anthropogenic contribution to particulate matter in this re-
gion. Correlations were found between Na, Mg, Ca, Al, Ti and S, where Na/Mg displayed the influence of marine
environments, S correspond to volcanic activities, Ca to penguin colonies and influence of sea whereas Al/Ti in-
dicated the crustal origin. Polar contour graphical maps were obtained from meteorological data using
chemometrics methods, which allowed reproducing wind maps revealing the distribution of the aerosols and
possible emission sources of different elements in the area. Given that this island has not been previously studied
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for atmospheric contamination, this work provides an interesting insight about the site-specific characteristics of

particulate matter.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

The study of atmospheric aerosols plays a crucial role in understand-
ing the impacts on the environment as a result of contamination
(Bargagli, 2008). The scientific community has been studying the im-
portance of these particles due to their effects on climate and health
(Bellouin et al., 2005; Budhavant et al.,, 2017). The emission of contam-
inants into the troposphere directly affects remote places that are more
vulnerable. Therefore, even protected places like Polar Regions face a
progressive increase in the exposure to contaminants. The analytical
studies of atmosphere provide information on aerosols affecting the en-
vironment and ecosystems. Atmospheric aerosols are liquid and/or solid
particulate matter suspended in the atmosphere that enter there by nat-
ural or anthropogenic means (Budhavant et al., 2015; Huang et al.,
2018; Putaud et al., 2010), including windborne crustal particles, sea
salt oceanic spray, emissions from volcanoes and biomass burning
(Brooks et al., 2008; Escudero et al., 2016; Nriagu, 1989; Shi et al.,
2015; Xu et al., 2018). Aerosols have heterogeneous composition, vari-
able size and can act as nuclei for the condensation of clouds (indirect
effects), as well as disperse and absorb radiation (direct effects).

The latitude of Antarctic region and its surrounding ocean make it a
trap for particulate matter imported from other latitudes (Bargagli,
2016; Eisele et al., 2008). Since the Antarctic region has unique condi-
tions and is one of the unaltered and natural places, it offers valuable in-
formation about the circulation of atmospheric aerosols. The particulate
matter is mostly composed by typically terrestrial crust and marine ele-
ments like Mn, Li, K, Al, Na, Fe and Mg and Rb in smaller proportions
(Barbaro et al., 2016). Carbonaceous aerosols can be divided into differ-
ent components like elemental carbon (EC) and organic carbon (OC).
These carbonaceous particles absorb and scatter the radiation directly
affecting the radioactive balance of the Earth (Bond and Bergstrom,
2006; Escudero et al., 2015). EC is basically graphite produced by com-
bustion of fossil coal or gas (Fuzzi et al., 2006). On the other hand, OC
can be emitted directly to the atmosphere or formed by photooxidative
processes (Karanasiou et al., 2010).

Modelling relationships between different analytical data based on
chemometrics allows simulating the temporal and spatial variations in
complex terrains (Cristofanelli et al., 2018; Godfrey and Clarkson,
1998; Mihalikova and Kirkwood, 2013), performing an evaluation to de-
tect groups of data and their relationships. Among the most common
methods to analyze datasets, one of the most useful is the multivariate
statistical technique, which allows to deal with massive amount of envi-
ronmental data (Pérez-Arribas et al., 2017).

To the best of our knowledge, there are no studies on atmosphere
composition and its origin in the Deception Island, despite the impor-
tance that aerosols play in air quality and climate. Furthermore, the
studies on the Antarctic atmospheric aerosols have been carried out at
locations far away from Deception Island, such as Terra Nova Bay
(Annibaldi et al., 2007; Barbaro et al., 2016; Bazzano et al., 2015;
Frydenvang et al., 2013), Dumont d'Urville Station, Petrel Island
(Wolff et al,, 1998). Due to this fact, there are no data available for aero-
sol composition and origin in this region. Hence, the aim of this work
was to analyze the particulate matter of Deception Island in order to
study its elemental composition for the characterization of the aerosols,
looking for anthropogenic and natural sources of such elements on the
Antarctic coastal environment. Natural or anthropogenic sources of on
the measured elemental concentration were evaluated through the en-
richment factors (EF). Furthermore, combination of statistical and
graphical approaches is proposed to establish the relationship between

the constituent elements and their concentration in order to reveal the
influence of sea interaction, anthropogenic activities, penguin colonies
and volcanic activity in this Antarctic region.

2. Material and methods
2.1. Geographical setting

Deception Island (Fig. 1), located at 62°58'09”S 60°42'33"W, is one
of the three emerged volcanoes located in the Bransfield Strait, Antarctic
zone. The island is a stratovolcano of approximately 15 km in diameter
and is part of a volcanic complex situated at South-West in the archipel-
ago of the Shetlands on South.

Meteorological data obtained during austral summer 2016-2017 on
Deception Island by Gabriel de Castilla Spanish Research station re-
ported a relative humidity of 64-97% and a temperature of —1 to 8 °C,
respectively. The average wind speed was 3.59 m/s and the direction
was from the south through the entrance of the bay called Neptune's
Bellows situated about 5 km from sampling point. Approximately 60%
of the surface of the island is permanently covered by snow.

2.2. Sampling and processing

The PM,; o samples were collected daily in the summer of 2016-2017
(from Dec. to Feb.) using a low-volume sampler (2.3 m3/h) model
Derenda LVS 3.1, equipped with a European Union reference PM;q
inlet. Circular quartz microfiber filter of 47 mm diameter (Munktell)
was used. Each sample was collected during 24 h during the days
when the atmospheric conditions were suitable. A total of 37 samples
was collected, where 15 of them were suitable for the analysis. The re-
maining samples were discarded as no difference in mass was observed
in gravimetric analysis. Alternatively, random top soil samples were re-
collected near the sampling point. After the determination of PMjj,
mass concentrations were obtained by gravimetry according to
European Norm (DIN-EN-12341, 2014) and a chemical characterization
of the samples was carried out following the analytical procedure pub-
lished by Querol et al. (1996)). Al, Ca, Fe, K, Mg, Na, P, S, Cu, Pb, Sr, Ti, Zn
and Cr were investigated. A half of the filter papers were cut and
digested with 2.5 mL of HNO3 at 65%, 5 mL of HF at 40% to dissolve alu-
minosilicates, carbonates, sulfur, etc., And finally 2.5 mL of 60% HClO,4 to
dissolve organic matter. A circular punch of 1 in. in diameter was ana-
lyzed for total carbon (TC) with an elemental LECO analyzer, and a
1.5 cm? rectangular punch was analyzed by a thermal-optical method
(Sunset OCEC Analyzer) to obtain the organic carbon (OC) and elemen-
tal carbon (EC) in the particulate matter, following a modified temper-
ature protocol (NIOSH, 2003) and EUSAAR2 software (Bautista et al.,
2015). The OC + EC analysis was made under a quality system based
on European Standards and International Organization for Standardiza-
tion and by the International Electro-technical Commission (ISO/IEC-
17025, 2005) standard. After the total carbon analysis, the concentra-
tions of CO%~ and SiO, were calculated indirectly from the concentra-
tions of Ca, Mg and Al. The non-mineral carbon (C,,,) was obtained
from the difference between TC and carbon in CO3~. OM (organic mat-
ter) was calculated from OC by applying a factor of 1.8 (Turpin et al.,
2000).
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Fig. 1. Map of Deception Island with the location of Gabriel de Castilla Spanish Research Station. The yellow marker shows the position of the low volume sampler. Images taken from
LANDSAT, Geographical maps by the Ministry of Defense of Spain. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this

article.)

2.3. ICP-MS and ICP-AES set-up

ICP-MS model X-Series II (Brand: Thermo Fisher scientific) with a
quadruple analyzer was used for the quantitative elemental analysis of
Cu, Pb, Sr, Ti, Zn and Cr. An external calibration was done using blank fil-
ters and certified standards of fly ash International Reference Material
NBS1633b from National Institute of Standards and Technology (NIST)
similar in composition to the particulate materials were analyzed fol-
lowing the same procedure for quality assurance and control. These
standards cover the entire range of expected concentrations forming
the calibration lines (0.5-100 ng/mL). Internal correction was made
by using 10 ng/mL of In as an internal standard. The quantification
limit (LOQ) of ICP-MS was determined as 0.2 ng/mL.

The ICP-AES (Brand: Thermo Fisher Scientific) was a cap 6500 Radial
Model, used for simultaneous analysis of major and trace elements in
the same samples, concretely Al, Ca, Fe, K, Mg, Na, P and S. Through an
optical system composed of an Echelle network, the emitted radiation
is resolved, and this is detected by Charge Injection Device (CID). The

configuration of this equipment works with micro flow nebulizer
mounted in a cyclonic nebulization chamber and CID detector com-
posed of 540 x 540 pixels with a previous prism of 21°, measuring
wavelengths from 166 to 847 nm. The same procedure and standard
reference material were used to ICP-AES measurements for quality as-
surance and control. The LOQ calculated was better than 0.05 ug/m3
for all elements, reaching to 0.001 pg/m?> for the most sensitive elements
(cases of Mn, Sr and Ba).

24. Data processing

The study of the relationship between different elements was car-
ried out through the statistical methods of multivariate analysis of cor-
relation coefficients. Correlation Analysis provides information about
the association and modelling of the variations of elements present in
the air particulate matter. Multidimensional analysis allows establishing
correlations between the elements in the aerosols and has been applied
in several studies to identify sources of chemical components (Zhu et al.,
2017). Principal component analysis (PCA) uses the correlation
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between the data and is based on the reduction of big dataset down to
the smaller parts. This method represents a simplification of the posi-
tion of the elements in a reduced coordinate system (Pérez-Arribas
et al., 2017) and has been proven to be a very useful tool for large
datasets interpretation in other fields (Mostert et al., 2010; Reinholds
et al., 2015). Factor analysis has also been used in order to express
data as functions to describe the variability among the correlated vari-
ables. In this work, Statgraphics Centurion 18, version 18.1.06 of 64-
bits (Statpoint Technologies, Warrenton, Virginia) was used for
performing Correlation Analysis, PCA and Factor Analysis.

Polar contour maps represent a useful procedure for data visualiza-
tion. The use of wind direction and speed offer a simple and useful
plot of air-pollutants sources. The wind speed is in the x-axis (The ra-
dius in degrees), wind direction in the y-axis of the angle and concentra-
tion in z-axis, that control the contour of data and their relationships
were found using OriginPro 2017, 64-bit (OriginLab Corporation, North-
ampton, Massachusetts, EEUU).

3. Results and discussion

The values of the particulate matter show an average result of 10 + 4
pg/m3, which is a value similar to that obtained for PM;q in rural areas
and of low population density (Escudero et al., 2016). In addition, this
value is comparable to mass average in places such as the Southern
Ocean with an average value of 13.4 pg/m> (Budhavant et al., 2015), in
contrast to other places on the Antarctic coast, where the average was
1.5 ug/m> or 3.4 ug/m> (Budhavant et al,, 2017; Mazzera et al.,, 2001).
However, during some days the measured concentrations in the filters
were surprisingly high such as 28.20, 21.70 and 19.52 pg/m?. Table 1
shows the concentrations obtained per day by the low volume sampler.

3.1. Enrichment factor

In order to investigate the influence of natural or anthropogenic
sources on the measured elemental concentration, enrichment factors
(EF) were calculated according to the equation:

EF = (R%f) aerosol/ (Rief) soil

where X is the concentration of evaluating element and Ref is the corre-
sponding concentration of the element used as a reference (Winchester
etal,, 1981). Since Al and Ti are common constituents of the Earth's crust
they have been used as tracers for crustal aerosols. Crustal composition
of the soils shows concentration of 88.75, 65.55, 10.13, 0.442, 0.487,
0.145 and 0.0029 mg/kg for Al, Ti, Cr, Cu, Zn, and Pb, respectively. Also

Table 1
PM;, humidity, wind direction, speed and average daily temperature during the collec-
tion period.

Date PMio Humidity ~ Wind Wind Average daily
(ug/m3) (%) direction  speed temperature
(m/s) O

28/12/16 6.2 64.0 E-SE 24 1.2
30/12/16 28.2 65.5 S-SE 5.2 —04
01/01/17 21.7 67.0 W-NW 2.8 1.7
07/01/17 8.1 80.0 E 5.8 2.1
21/01/17 12.2 90.5 E-NE 34 1.6
22/01/17 29 86.0 N-E 1.1 5.1
23/01/17 9.4 72.5 E 29 2.8
01/02/17 43 82.5 N 3.0 33
08/02/17 338 91.0 NW-N 1.9 3.6
14/02/17 29 925 - 23 2.3
17/02/17 4.7 88.0 - 1.9 33
23/02/17 121 87.5 w 3.8 23
24/02/17 19.5 86.0 w 5.5 3.8
25/02/17 7.4 77.0 - 3.0 3.9
26/02/17 6.0 96.5 E 8.4 —0.5

the PM10 composition was 0.025, 0.0055, 0.0046 and 0.0019 mg/m>
for Cr, Cu, Zn and Pb, respectively, showing very high EF values
(Table 2), indicating anthropogenic pollution. These high values of EF
and pollutants have been attributed to remote anthropogenic sources
from the upper atmosphere (Annibaldi et al., 2007). Furthermore, the
diesel generator installed at the research base can be responsible for
part of the presence of these elements.

These results are in good agreement with previous investigations of
trace metals in Antarctic aerosols referred to anthropogenic activities,
however the values of Cr are higher while Pb is lower compared with
other places like Terra Nova Bay (Bazzano et al., 2015).

3.2. Multivariate analysis

Statistical analysis was performed on the data consisting of the
major components of the aerosols. Meteorological variables like rain im-
mediately before taking the sample, snowfall, wind, wind force or direc-
tion of the wind cannot explain the variability of the results between
different days, ranging from 2.89 to 28.2 ug/m°. In case of scarce rainfall,
the erosion contributes to an increment of the particulate matter in the
atmosphere, however, only this factor does not explain high values of
PM; . This variability was studied by performing a correlation analysis
between the elements and by means of polar contour maps relating
the windborne particles to the speed and direction of wind. Table 3
gives the correlation values between most representative elements,
where the first row provides the Pearson coefficient (R); second row
the number of samples and the third row gives the P-values. In addition,
the more significant cases are highlighted.

Given that the main source of sodium is marine aerosols, and a high
correlation (R = 0.9978) was found between Na and Mg, shows that Mg
also has the same origin. This can be supported by the ratio of Na/Mg in
seawater which is around 8.3, close to the value found in the particulate
matter as 7.8 (mean values: 1.768 pg/m? for Na and 0.226 pg/m? for
Mg).

The correlation between Ca (mean value 0.114 pg/m>) and Na (R =
0.8867) and between Ca and Mg (R = 0.8989), were higher than the
correlations of these elements with Al (mean value 0.059 ug/m?), (Al/
Ca = 0.7875, R for Al/Mg = 0.5290) which is a typical terrestrial ele-
ment present in silicates. This implies that an important part of the Ca
in the aerosols comes from the marine environment, as well as other bi-
ological sources such as shells, eggshell remains of the penguins and
other nesting birds.

On the other hand, the high correlation between Al and Ti (mean
values of Ti 0.114 pg/m> R = 0.9369) indicates a terrestrial origin, espe-
cially originating from volcanic soils and due to an erosive effect of
wind. Another significant correlation was found among S (mean value
0.283 ug/m>) and Ca (R = 0.8814), S with Mg (R = 0.8582) and S
with Na (R = 0.8426). It is obvious that these relationships with S
arise from the combination of marine and volcanic activity due to hy-
drothermal processes. This is produced by the fumarolic activity in in-
undated zones of the coast due to steam distilling phenomena. A
significant correlation was found between K and P (R = 0.9817),
which is separated from other elements, suggest a completely different
source, indicating that they come from sources other than marine aero-
sols, soil erosion and biological matter essentially. The values of the Na/
Mg ratio ranging from 6.42 to 8.38, shows an approximately constant
behavior during the sampling period which is similar to the other ele-
ment ratio.

Table 2

Enrichment factor in Gabriel de Castilla Spanish research base.
EF Cr Cu Zn Pb
Ti 690.2 125 38.0 79.8
Al 866.3 15.7 47.7 100.2
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-:I-Zl:::l:tion values of representative elements indicating Pearson coefficient (italic), sample size (parenthesis) and P-value (bold).

T. carb. | Al Ca Fe K Mg Na P N Ti
T. carb. 0.4486 | 0.3047 | 0.1494 | 0.1292 | 0.0405 | 0.0017 | 0.0235 | 0.1352 | 0.5508
(14 (15) (12) (15) (15) (15) (13) (15) (15)
0.108 | 0.270 0.643 0.646 | 0.886 | 0.995 0939 | 0.631 0.033
Al 0.7875 | 04708 | 0.1007 | 0.5290 | 0.4893 | 0.1943 | 0.7370 | 0.9369
(14) (11) (14) (14) (14) (12) (14) (14)
<0.001 0.144 0.732 | 0.052 | 0.076 0.545 | 0.003 | <0.001
Ca 0.5102 | 0.1411 | 0.8989 | 0.8867 | 0.0553 | 0.8814 | 0.7094
(12) (15) (15) (15) (13) (15) (15)
0.090 0.616 | <0.001 | <0.001 0.858 | <0.001 0.003
Fe -0.2482 | 0.2910 | 0.2862 | -0.2843 | 0.2375 | 0.3893
(12) (12) (12) an (12) (12)
0.437 | 0359 | 0.367 0.397 | 0457 | 0.211
K 0.1427 | 0.1392 | 0.9817 | 0.0367 | 0.2082
(15) (15) (13) (15) (15)
0.612 | 0.621 | <0.001 0.897 | 0.457
Mg 0.9978 | 0.0298 | 0.8582 | 0.4257
(15) (13) (15) (15)
<0.001 0.923 | <0.001 0.114
Na 0.0286 | 0.8426 | 0.3816
(13) (15) (15)
0.926 | <0.001 0.161
P 0.0039 | 0.2618
(13) (13)
0.990 | 0.388
N 0.6764
15)
0.006

The loading analysis from PCA (Fig.2) supports the correlation anal-
ysis, as commented previously. It can be seen that the weight vectors
corresponding to Na and Mg are almost the same and are practically
superimposed, which indicate the same origin of those elements. The
presence of Ca, which appears between the Na and Al, indicate influence
of both the marine aerosols and terrestrial erosion. A strong relationship
between P and K was observed which can be seen from the loadings cor-
responding to these elements. However, at the same time they are
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Fig. 2. Loading from statistical analysis of the samples by PCA of TC, Al, Ca, Fe, K, Mg, Na, P,
S, Ti.

present in an orthogonal position (an angle of 90°) with respect to Na,
Mg, Fe, S and Ca, indicating that these elements are totally independent
regarding their origin.

3.3. Polar contour maps

To study the influence of the meteorological parameters on the var-
iability of the amount of the particulate matter, polar contour maps have
been obtained in order to relate the windborne particles to the speed
and direction of wind. The particulate matter of the aerosols combined
with the direction of the wind is represented in Figs. 3 and 5.

Polar contour maps corresponding to total carbon (Fig. 3a) show two
principal emission sources located approximately at the northwest and
southwest of the sampling point. With the aim of a better visualization
and verification, two additional contour maps were made for OC and EC
separately (Fig. 3b, and c), that revealed the existence of two different
origins for carbon. One corresponding to OC was located in the south-
west, which showed that it originated from penguin colonies. The sec-
ond source of carbon was EC, produced due to the combustion of fuels
and it comes mainly from the research base located in the northwest
of the sampling point. These different origins of OC and EC in particulate
matter can be confirmed by a Factor Analysis (Fig. 4), where loading EC
and OC are nearly in orthogonal directions, which indicates that they are
independent sources of carbon production.

In the case of the other elements, the polar contour maps show that
Mg and Na (Fig. 53, & b) have the same source in the north, coming from
the Foster bay as marine aerosols. The high concentrations from
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seawater sources demonstrate the importance of the influence of scav-
enging processes in coastal regions. The principal source of phosphorus
(Fig. 5¢) was guano-derived compound coming from the penguin colo-
nies, located at the southwest of sampling point. Fig. 5d & 5e show that

1F —T—T T T T ]
i EC ]
0.8 B n
= i TC ]
(a5} - -
g; 0.6 i ]
o [ ]
S o4l =
o L ]
0.2[ oC ]
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0.2 0.4 0.6 0.8 1

PCA 1 (77.6%)

Fig. 4. Factor Analysis after varimax rotation for standardized TC, OC and EC variables.

Ti and Al have the same source in the northwest, which is essentially
caused by the erosion of the volcanic soil (Budhavant et al., 2015). In ad-
dition, Fig. 5f shows the source of sulfur in the north-northwest, where
it is unexpectedly high. This fact can be attributed to the intense volca-
nic activity of Fumarole Bay that emits sulfur derivatives. The source and
origin of Ca (Fig. 5g) lie in the same direction as that of Sulfur, which was
also demonstrated by the correlation and PCA analysis, but also of Mg
and Na. Thus, it is clear that its origin was fumarolic and marine, arising
from the evaporation of sea water. Fe (Fig. 5h) presents a similar profile
as that of Al and Ti but in lower concentration, with principal origin as
crustal. Due to diverse composition and multiple sources of particulate
matter, it is difficult to describe concretely its global origin, which can
be seen from Fig. 5i, where the total particulate matter is scattered.

Fig. 5i shows the total PM;q (TPM;) at a scale of 30 pg/m>. As can be
seen, the highest levels come from the southeast and northwest essen-
tially from sea (Foster bay). This increment of particulate matter can be
explained because of the horseshoe shape of Deception Island. The sea-
water vapor increases the concentration of aerosols in the air due to the
special orography surrounded by volcanic ridges around 500 m of alti-
tude and not be scattered by the winds as it happens in open areas or
near to other coastal places.
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Fig. 5. Polar contour maps in relation to wind direction and speed for a) Mg; b) Na; c) P; d) Ti; e) Al; f) S; g) Ca; h) Fe; i) Total PM;o (TPM;j).

4. Conclusions

Field measurements were conducted during austral summer
2016-2017 on Deception Island carried out from the Gabriel de Castilla
Spanish Research Station. The concentrations provided in this work re-
flect site-specific characteristics, which are shown during a short-time
period in the austral summer. To our knowledge, these are the first aero-
sol measurements made at Deception Island at Gabriel de Castilla sta-
tion and also the first application of polar contour maps for the
evaluation of parameters of atmospheric particulate matter.

Polar contour maps showed the two principal emission sources of
the TC, as located in the northwest and southwest of the sampling
point. The OC was situated in the southwest and EC in the northwest
of the sampling point. Thus, OC had its origin from penguin colonies,
while EC was produced by the combustion of fuels, originated mainly
from the research base located in the northwest of the sampling point.
This has been confirmed by analysis of factors that showed a quasi-
orthogonality between OC and EC. This polar contour map is also useful
to find sources of particulate matter such as phosphorus coming from
penguin colonies or sulfur from fumarolic activity.

The correlations between elements also confirmed the origin of the
contaminants. The correlation between Na/Mg demonstrated the influ-
ence of sea since these elements originate from marine environments
and have a strong presence in the seawater aerosols at coastal places.
Ca/Na and Ca/Mg correlations indicate the aerosols from the marine en-
vironment, whereas Al/Ca and Al/Mg showed volcanic soil as their ori-
gin. On the other hand, the correlation S/Ca, S/Mg and S/Na result
through the combination of hydrothermal activity in the sea, dragging

the marine and Sulfur aerosols as a consequence of steam distillation,
reflecting the intense volcanic activity in this region. K/P shows a
completely different origin due to biological sources (organic matter
and guano-derived elements). Finally, total PM;o windburn aerosols
from the bay sustained the special conditions of Deception Island due
to its extremely abrupt relief that blocks the dispersion of the wind.
The given maps demonstrate their significance to assess possible emis-
sion sources of different elements.

The particulate matter measured during the campaign has a PM;q
mass average (10 ug/m?), which is higher as compared to other places
on the coast of the Antarctic region. The highest value of PM;q found
was 28.2 ug/m?>. This high value was attributed to the special horseshoe
shape of the Deception Island, which maintains aerosols in the air for a
longer time. Furthermore, the enrichment factors for the elements in
the particulate matter such as Cr, Cu, Zn, and Pb, show the remote an-
thropogenic source of air pollution coming from the upper atmosphere
into this Antarctic region.

The results give a clear view of particulate matter pollutants present
in the air and show the importance of continuous monitoring of this re-
gion in future campaigns in order to expand this study. This effect marks
the importance of a more comprehensive study of the atmospheric par-
ticulate matter in this Antarctic region. Further campaigns and analysis
will be performed to get a deep understanding of the mechanisms and
the results obtained.
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