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ABSTRACT 
 
The aim of this study was to characterize the airborne particles and particles deposited in the recent snow 
samples collected at King George Island (Admiralty Bay) in order to evaluate the possible local sources of 
airborne particles and the aerosol transport from South America to Antarctic at sea level. Airborne particles 
samples were collected using a cascade impactor and cyclones at several sampling points at Admiralty Bay. 
Airborne particles were also collected during the ship travel from Rio de Janeiro to Antarctica. The recent snow 
samples and aerosols collected at several sampling points at Admiralty Bay were analyzed by PIXE for the 
determination of the elemental mass concentration. Snow samples were analyzed by alpha spectrometry to 
determine the 232Th, 228Th, 238U and 234U concentrations in snow. The Mass Median Aerodynamic 
Diameter of airborne particles was determined. The results suggest that there is a correlation between the 
aerosol samples and the particles deposited in the snow, but the elemental mass distributions are not equal. The 
snow elemental concentration can be used as an indicator of the elements present in the aerosols. The local 
aerosol sources (natural and anthropogenic) have been considered to characterize the aerosol transport to 
Antarctic, mainly King George Island. The main aerosol sources are the marine spray, weathering of local rocks 
and anthropogenic sources, as the diesel burning in the island. Besides the local aerosol sources the transport of 
airborne particles from south Atlantic to Antarctic is an important source of airborne particles at King George 
Island.  
 
 

1. INTRODUCTION 
 
Aerosol particles have a great influence on the Earth’s climatic system due to the diffraction 
and absorption of short and long wavelength radiation and also due to their ability to induce 
the nuclei condensation of atmospheric water. In Polar Regions, the deposited particles onto 
the ice sheets are preserved along the years due to the successive accumulation of snow. Over 
the last 20 years, important information on the atmospheric and climatic systems has been 
retrieved from ice core studies.  
 
The Antarctic snow, ice and aerosols have been investigated to evaluate possible changes in 
anthropogenic inputs of heavy metals to the Antarctic ice-sheet. Studies for identification of 
chemical constituents in the atmosphere and in the snow indicated that airborne particles 
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transported from long distances by the aerosols are an important source for the snow 
contamination and that the main sources of airborne particles and particles deposited in the 
snow are the rock weathering, marine spray, volcano eruptions, and anthropogenic activities 
[1,2,3].  
 
The aerosol characterization in several locations at the Antarctic continent shows that the 
particles containing Fe, Al, Si and Ti are mainly generated by local rock weathering or 
transported through the atmospheric attached particles, while particles containing Na, Mg, S 
and P are due to marine aerosols. K and Ca bearing particles could be originated from crustal 
or marine source [4-12]. 
 
The results of analyses of aerosol particles and snow samples collected at Neumayer Station, 
during summer, showed that insoluble particles present in the snow samples could be 
identified as mineral dust particles and particles due to local contamination by human 
activities[13].  
 
Na, Al, Cl, K, Ca, Sc, Cr, Mn, Fe, Co, Cu, Zn, As, Se, Br, Cd, Sb, La, Sm, Au, SO4 and NH4 
were identified in ice samples 12 thousand or more years old, collected at the east side of the 
Antarctic continent. These elements were originated mainly by marine spray and crustal 
particles. The concentration of Al, Fe, Mn and Sc (as crustal source element reference) and K 
and Ca (as marine or crustal source element reference) were higher in the pre-historic ice core 
samples than in nowadays ice core samples. On the other hand, the concentration of Sc, Cd, 
Zn, Cu and SO4 in the pre-historic and in nowadays samples are within the same range [14]. 
 
Comparison between the analyses of airborne particles collected in Chilean Patagonia and 
those deposited in an ice sample collected at King George Island suggested that there was a 
transport of particles from Chilean Patagonia to the west Antarctic [15].  
 
The mass spectra of insoluble particles present in two shallow snow samples of drainage 
basins in the King George Island show a strong influence of the local weather conditions and 
a non-homogenous spatial distribution. The majority of the molecular ions identified in 
PDMS mass spectra in both snow cores samples characterize airborne particles originated 
from anthropogenic sources [16,17], studying the surface waters of the Weddell Sea, found 
concentrations of Ag, Cd, Cu, Ni and Zn higher than in the open ocean.  
 
King George Island covers 1295 km2, being the largest of the Archipelago of South Shetlands 
(61° 00' to 63° 37'S, 53° 83' to 62° 83'W), and is located 130 km east of the 
Antarctic Peninsula. This island has more than 95% of its permanent surface covered by ice 
and 3 main domes and 70 glacial drainage basins that cover around 93% of its total area. A 
maximum ice thickness of 395 m was measured in the island and its ice surface seems to be 
controlled by the bedrock topography structure. The human activities on King George Island 
started as early as 1819 with the first sealers. Nowadays there are eight national winter 
stations and four summer bases as support for about 480 researchers. The island is shown in 
the map of Fig. 1. 
 
Three Antarctic scientific stations (Brazil, Poland and Peru) and two refuges (USA and 
Equador) are located in Admiralty Bay. These stations use diesel generator powers and 
represent the main local human sources of aerosols together with logistic support. The 
Comandante Ferraz Antarctic Station (EACF) marks the Brazilian presence in the Antarctic. 
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The Station lies on the shores southeast of the Keller Peninsula (62° 05’ S, 58° 24’ W). The 
predominant regional climate is the polar-oceanic with high influence of cyclonic systems 
that frequently travels along parallel 60S. Near the Ferraz Station, the beaches are mainly 
formed by rocks and volcanic sediments. The local temperatures normally range from -5° C 
to +4° C in summer and it can reach -30°C in winter. Winds of 100 Km/h are common in this 
area.  
 
The human activities lead to severe impacts on the vulnerable ecosystems of King George 
Island. In order to evaluate these impacts it is necessary to characterize the aerosols to 
estimate the local and the South American Continent influence over the island. The aim of 
this study was to identify the elemental composition of airborne particles and of recent snow 
samples collected at King George Island (Admiralty Bay). Airborne particles in the fine and 
coarse fractions of aerosols were collected at several sampling points at Admiralty Bay. 
During the ship travel from Brazil (Rio de Janeiro) to Antarctica (King George Island), the 
airborne particles were collected in order to evaluate the possible transport of aerosols from 
the South American Continent to the Antarctic. The recent snow samples were collected at 
several sampling points at Admiralty Bay. The samples were analyzed by PIXE (Particle 
Induced X-ray Emission). 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Simplified map showing Antarctic Peninsula and South America. 
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1. EXPERIMENTAL METHOD   
 
The recent snow and fine samples were collected along the Admiralty bay coast at King 
George Island. All samples were collected using polyethylene-cleaned tools. The samples 
were liquefied at home temperature inside of Multi-use Laboratory of the EACF and stored in 
polyethylene bottles cleaned with HNO3 and ultra pure water. The solved and unsolved 
particles of the liquefied recent snow were separated by filtration. The samples were filtrated 
using Nuclepore membrane filters with 0.4 m pore. After filtration the samples were 
concentrated by evaporation at low temperature. The samples were stored and transported to 
Brazil in clean polyethylene bottles. A drop of 2 L of each sample was deposited on a 2 m 
Mylar film for PIXE analysis.  
 
A six-stage cascade impactor (CI) was used to collect aerosol samples at two points - at the 
Punta Plaza refuge and at the base of Morro da Cruz hill - and during the travel from Brazil to 
King George Island. The cascade impactor operational flow rate was 12.5  0.6 L/min and 
the total volume was measured by a volume integrator system. The cut-off diameters of the 
1st to the 6th stages of the cascade impactor were 19.9, 9.9, 4.7, 2.4, 1.0 and 0.64 m, 
respectively [18]. The elemental mass concentration of the particles impacted on the six 
stages of the cascade impactor was summed to determine the total elemental mass 
concentration of particles in the coarse fraction of aerosols (aerodynamic diameter (daer)<10 
m). 
 
The airborne particles in the fine fraction (daer<2.5 m) of the aerosols were collected using 
portable air samplers with cyclone (cyclone) at four points: Punta Plaza and Ipanema refuges, 
at the base and the top of Morro da Cruz hill. The operational flow rate of the portable air 
sampler with cyclone was of 2.0  0.2 L/min and the samplers were placed at the same 
sampling points of the cascade impactor the base of the Morro da Cruz hill and at the Punta 
Plaza refuge. The portable air sampler was also employed at the Ipanema refuge to collect 
aerosol particles with aerodynamic diameters smaller than 2.4 m. 
 
The samplers were placed at 1.5 m from the ground. A simplified map of the island, showing 
the Brazilian station EACF and the locations of the selected sampling points (recent snow and 
aerosols) are presented in Fig. 2. 
 
The airborne particles impacted on each stage of the CI, the aerosol samples collected using 
cyclone and the snow samples were analyzed by PIXE, using a 2 MeV proton beam 
generated by a 4 MV Van de Graaff electrostatic accelerator at the Catholic University of Rio 
de Janeiro (PUC-Rio). The X-Rays were detected by a Si-PIN detector with a 0.2 mm - thick 
aluminum foil as X-Rays absorber. The X-Rays spectra were analyzed using an updated 
version of a custom-designed software based on the stripping of a multi-elemental spectrum. 
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Figure 2. Simplified map of the island showing the Brazilian station EACF and  
locations of  the selected sampling points: 1-Punta Plaza refuge, 2- Ipanema refuge, 3 

Base of Morro da Cruz hill, 4 - Top of Morro da Cruz hill, 5-Punta Ulmann, 6- 
Ezcurra. 

 
232Th, 228Th, 238U and 234U concentrations were determined in snow samples. A sequential 
analytical method for the determination of these radionuclides was used. Uranium and 
thorium isotopes were initially separated using tri-n-octyl phosphine oxide (TOPO) supported 
on a column of silica gel. The uranium isotopes were extracted with TOPO using a polymeric 
membrane. Thorium isotopes were co-precipitated with lanthanum fluoride. 232Th, 228Th, 238U 
and 234U concentrations were determined by alpha spectrometry [19]. The alpha spectra were 
obtained using an EG&G ORTEC model 576 system.  
 
 

2. RESULTS AND DISCUSSIONS  
 

2.1. Recent snow samples 
 
The recent snow samples were collected at Ezcurra bay, Ipanema refuges, Punta Ulmann, at 
the base and the top of Morro da Cruz hill. Particles containing Cl, K, Ca, Sc, Ti, V, Cr, Mn, 
Fe, Co, Ni, Cu, Zn, As, Br and Pb were identified in the recent snow samples. The elemental 
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concentrations of the non-dissolved and dissolved particles deposited in recent snow are 
shown in Fig. 3 and 4, respectively.  
 
The K, Ca Sc, Ti and Fe concentrations were higher in the non-dissolved snow particles than 
in the dissolved ones, suggesting that the local rock weathering is a source of the particles 
identified in the snow, besides the marine spray. The Fe concentration in the dissolved 
particles is higher than the Ti concentration, which shows that the marine spray is a source of 
Fe-bearing particles. The highest Sc concentration was observed in the non-dissolved 
particles collected at the base of Morro da Cruz hill. The V and Pb concentrations in the non-
dissolved particles at Ezcurra, Ipanema and at the base and top of Morro da Cruz hill, suggest 
that the particles containing V and Pb deposited on the snow were generated during the diesel 
burning by snow cars, tractors and the heating system, besides the garbage incineration. The 
Cr, Zn and Br identified can be due to crustal particles or from anthropogenic sources.  
 
The elemental mass concentrations in the soluble and insoluble particles in recent snow 
samples were compared using a linear regression test (Spearmann test, =0.05). The results 
show that there is no correlation among the elements present in the dissolved and non-
dissolved particles of recent snow samples, indicating that these elements were generated by 
different sources. These results agree with the results obtained by Ghermandi et al, [14] who 
have also determined that the metal concentrations were higher in the non-dissolved particles 
deposited in snow. Those authors have identified the crustal and marine particles and particles 
from anthropogenetic local source. The elemental mass concentrations of elements identified 
in the dissolved particles collected at different sampling points were compared using a linear 
regression test (Spearmann test =0.05). The same test has been applied to the composition of 
non-dissolved particles. The statistical analysis of dissolved and non-dissolved particles 
shows that there is a correlation between the composition of both the dissolved and non-
dissolved particles, indicating that the elemental distribution of recent snow can be 
considered uniform, although the samples from different sampling points are different.   
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Figure 3. Elemental concentrations of non-dissolved particles deposited in recent snow. 
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Figure 4. Elemental concentrations of dissolved particles deposited in recent snow. 
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2.2. Aerosol samples 

Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, and Br were identified in the aerosol samples 
collected using the portable air sampler with cyclone (fine fraction, daer < 2.5 m) and also 
using a cascade impactor (coarse fraction, daer < 10 m). S and Pb were identified only in 
aerosol samples collected using the cascade impactor. The elemental mass concentrations in 
the fine and in the coarse fractions are shown in Fig. 5 and 6, respectively. The MMAD 
(Mass Median Aerodynamic Diameter) values are shown in Fig.7. 
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Figure 5. Elemental mass concentrations in the fine fraction of aerosol. 
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Figure 6. Elemental mass concentrations in the coarse fraction of aerosol. 
 

The Zn and Br highest concentrations in the fine fraction were determined at Punta Plaza 
refuge; during this sampling the refuge was being renovated, which could increase the Zr and 
Br air concentrations. During the sampling using the cascade impactor (coarse particles) the 
renovation ended and these elements were not identified in this sampling.  
 
S bearing particles were identified only in the aerosol samples collected on the ship (travel 
from Brazil to Antarctic) which indicates the presence of sulfate particles produced by 
chemical reactions between air and marine spray at the sea surface [10]. Particles containing 
Sc, Ti and Mn were not identified, indicating that during this sampling there was no transport 
of crustal particles from the South American Continent along the ship route. But particles 
containing these elements were identified in the samples collected at the island. The Ti 
concentration was higher at the base of Morro da Cruz hill (1.75x10-4 g/m3) than at Punta 
Plaza refuge (6.35x10-5 g/m3). The MMAD of Ti-bearing particles at the base of Morro da 
Cruz hill was 3.9 m, while at the Punta Plaza refuge it was 2.2 m. The main source of 
airborne particles containing Ti was the natural erosion caused by the winds and cyclones on 
rock. A clear indication of this is the fact that the larger particles were deposited close to the 
source, while the smaller ones were transported by the air stream. Fe, Ni, Cr and Zn could 
come from several sources (marine, rocks or anthropogenic). The analysis of the results of the 
three samples collected using the cascade impactor shows that the elemental concentrations 
of the airborne particles collected at the ship were higher than those collected at the island. 
However, the MMAD values were lower at the ship, indicating that the marine spray could be 
a source of these particles at the ocean. Zn-bearing particles could be due to rock weathering 
or to anthropogenic sources but, as the MMAD and the concentrations were larger at the base 
of the Morro da Cruz hill than at Punta Plaza refuge, this suggests that the main source of Zn-
bearing particles at the island is probably the natural erosion of the local rock. The V 
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concentration was higher at the base of Morro da Cruz hill; however the MMAD of V bearing 
particles was higher at Punta Plaza refuge than at the base of the hill. The diesel burning 
particles easily increase their size by agglomeration with other particles. The larger particles 
are deposited close to the source while the smaller ones are transported by the air stream. 
These results suggest that the main source of V particles was the diesel burning used in the 
heating system of the Comandante Ferraz station.  These results agree with the recent snow 
analyses, where the V concentrations were higher in the insoluble particles indicating that the 
airborne particles containing V were due to anthropogenetic sources. Particles containing Pb 
were also due to anthropogenetic sources. The main local anthropogenic sources were the 
garbage incineration and diesel burning [16,18]. 
 

C l K C a Sc T i V C r M n Fe N i Zn
0,5

0,7

0,8

1,01,0

1,7

3,3

5,0

M
M

A
D

 (
m

)

E lem ents

 Sh ip  sam ple   Base  o f M orro  da  C ruz  P unta  P laza  re fuge  

 

Figure 7. The MMAD values of airborne particles. Samples collected at the ship, base 
and top of Morro da Cruz hill. 

 
 

The elemental mass concentrations in the coarse fraction of aerosol collected at Punta Plaza 
refuge, at the base of Morro da Cruz hill and during the ship travel were compared using a 
linear regression test (Spearmann test =0.05). The statistical analyses of the results have 
shown that there is a correlation among the airborne particles collected during the travel and 
the airborne particles collected at King George Island. These correlations indicate that there is 
a transport of aerosol from South Atlantic to the Antarctic continent.  
 
The elemental mass concentration in the fine fraction of aerosols (samples collected using 
portable air samplers) was compared with the elemental mass concentration of dissolved and 
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non-dissolved particles deposited in the snow. A linear regression test (Spearmann test  
=0.05) was applied to compare both sampling (deposited particles in snow and airborne 
particles). The results of the statistical test show that there was no correlation between the 
aerosol and snow (dissolved and non-dissolved particles) collected at the base of Morro da 
Cruz hill, while there was correlation between the aerosol and snow (dissolved and non-
dissolved particles) samples collected at the top of Morro da Cruz hill and at the Ipanema 
refuges. These results suggest that, during the snow, melting rock particles can be transported 
and they are deposited on the base of the hill. The statistical test shows that there is no 
correlation between the samples collected at the base of the hill and the other samples.  
 
The MMAD values (Fig. 7) show that the particles collected on the ship were in the fine 
fraction of aerosols and their sizes were below 2.2 m. At the base of Morro da Cruz hill the 
sizes of  the particles containing Ca, Ti, Fe and Zn were larger than those containing these 
elements at the Punta Plaza refuge, indicating that the source of these particles is the local 
rock weathering. The concentration of V-bearing particles were higher at Punta Plaza refuge 
than at the base of Morro da Cruz hill, as the refuge is at the same level of EACF (8 m above 
sea level) and, since the smaller particles are preferentially transported by air stream to higher 
levels, this result confirms that the main source of V-bearing particle is the diesel burning at 
EACF. 
 
232Th, 228Th, 238U and 234U concentrations in soluble fraction of recent snow samples indicate 
that the radionuclides are in secular equilibrium. Radionuclides concentrations are shown in 
Table 1. 
 
 

Table 1. Radionuclides concentrations. 
 

Concentration (Bq/m3) 

Sampling site 232Th 228Th 238U 234U 

Ipanema 0.85 1.2 <LD <LD 

Ezcurra 0.8 1.1 0.96 1.35 

Punta Ulmann <LD <LD 1.32 1.45 

Sopé do morro 0.7 1.24 1.18 1.42 

Topo do morro 0.75 1.29 1.07 1.5 
 
 
 

3. CONCLUSIONS 
 
The results suggest that there is a correlation between the aerosol samples and the particles 
deposited in the snow, but the elemental mass distributions are not equal. The snow elemental 
concentration can be used as an indicator of the elements present in the aerosols. The local 
aerosols sources (natural and anthropogenic) should be considered during the study to 
characterization of the aerosol transport to Antarctic, mainly in the King George Island. The 
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main aerosol sources are the marine spray, weathering of local rocks and anthropogenic 
sources, as the diesel burning in the island. 
 
Besides the local aerosols sources, the transport of airborne particles from South Atlantic 
Ocean to the Antarctic Continent is an important source of airborne particles at King George 
Island.  
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