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To investigate distribution characteristics of heavy metals in soils in the vicinity of King Sejong Station of 
King George Island, Antarctica, Fe, Mn, Cu, Zn, Pb, Co, Cd, Cr, Ni and Mo contents were investigated under 
different distances and directions from King Sejong Station. 13 sample sites were distributed from King 
Sejong Station. In site 4, the Cd content was higher than that in other sites. The Cr content was the highest in 
site 9, and the Ni and Mn contents were high in site 12. Cu, Co and Zn were highly contained in distance 1~2 
km from King Sejong Station. Cd, Cr, Ni and Mo contents were lower, whereas Fe, Mn, Cu, Zn, Pb and Co 
contents were higher than other heavy metal contents at all sites.
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Introduction

Antarctica is the World’s fifth-largest continent 
measuring approximately 13.6 million km2, sixty fold 
of the Korean peninsula. Antarctic Peninsula has been 
exposed to contamination through increasing human 
activity at research stations and increased tourism. 
King George Island that ten research stations are 
located is the largest island of the South Shetland 
Islands in West Antarctica. King Sejong Station, one 
of those ten research stations is located on Barton 
Peninsula. King George Island, the largest island of 
the South Shetland Islands, has a cold, oceanic climate 
characteristic of maritime Antarctica. Barton Peninsula 
is surrounded by Marian Cove to the north coast and 
Maxwell Bay to the southwest coast. Barton Peninsula 
is the exposed ground (about 20 km2) with melting 
snow when temperatures became warmer at above zero. 
The ground is covered by soil, moraine of weathered 
rock, mosses and lichens (Lee, 1992; Chang 1997, 

1999). Most of the ice-free area is covered by relatively 
abundant vegetation, dominated by cryptogamic species 
(Kim et al., 2007). The flora comprises two flowering 
plants, 33 bryophytes, and 62 lichens (Lee, 1992; Kim 
et al., 2006). Chottaebawi area on the southern coast 
of the peninsula contains one of the most important 
penguin colonies (Pygoscelis papua and Pygoscelis 
antarctica) in the maritime Antarctic region (Fig. 1). 
The cape area near King Sejong Station is populated 
by flying seabirds, such as skuas. Previous studies 
have reported heavy metal concentrations in different 
components of King George Island, including snow-ice 
(Hong et al., 2002), soil (Choi et al., 2011; Santos et 
al., 2005), sediments (Andrade et al., 2001; Santos et 
al., 2005), and vegetation (Cho et al., 2008ab; Poblet 
et al., 1997; Hong et al., 1999; Osyczka et al., 2007). 
The purpose of this study was to investigate distribution 
characteristics of heavy metals in soil of vicinity of 
King Sejong Station on Barton Peninsula of King 
George Island, Antartica.

Note
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Fig. 1. Sampling sites for soils in the vicinity of King 
Sejong Station.

Table 1. Information of sampling sites for this study.

Site Direction Distance Soil texture Characteristics
#1

Marian cove coast 
regions

0-1 km
S The soil is widely distributed on coastside. 

High diversity of lichen and moss.#2 S
#3 1-2 km S High diversity of lichen and moss.
#4

Inland regions

0-1 km
S The lichen and moss widely distributed on ridges at 

the back of King Sejong Station.#5 S
#6

1-2 km
S

High diversity of lichen and moss.
#7 LS
#8

2-3 km
S

High diversity of lichen and moss.
#9 S
#10

Maxwell bay coast 
regions

0-1 km
S

High diversity of lichen and moss.#11 S
#12 LS

#13 1-2 km LS High diversity of lichen and moss.
In Narebski point (Penguin village).

S : Sand, LS : Loamy sand.

Materials and Methods

A field survey was conducted from January to 
February, 2008. Soil samples were collected from 13 
sites in snow-free areas of the peninsula (Fig. 1). 
Sample sites were distributed from the Sejong Cape 
(King Sejong Station) under different distances and 
directions. Soil samples were sieved by 2 mm mesh 
and oven-dried at 70℃ for 72 h. for transport to 

laboratory. Soil texture was classified as sandy (10 
sites) and loamy sand (3 sites) by USDA textural 
classification (Table 1). The concentrations of heavy 
metals in soil were analyzed by inductively coupled 
plasma-mass spectrometry (ICP-MS, Agilent 7500, 
Santa Clara, CA) following acid leaching with 0.1 N 
HCl according to Standard Method (NIAST, 2000).

 

Results and Discussion

Cr, Cu, Zn, Cd, Pb, Mn, Fe, Co, Ni and Mo 
contents in soils in vicinity of King Sejong Station 
were investigated (Table 2, Fig. 2). Fe, Mn, Cu, Zn, 
Pb and Co contents were 33~273, 3.5~60.1, 2.02~ 
13.88, 0.3~2.05, 0.01~2.2 and 0.09~1.49 mg kg-1, 
respectively. In the soils, Cd, Cr, Ni and Mo contents 
were low, whereas Fe, Mn, Cu, Zn, Pb and Co 
contents were high. The concentrations of heavy metals 
were higher in the order of Fe (165.5 mg kg-1) ≫ 
Mn (21.2 mg kg-1) ≥ Cu (5.2 mg kg-1) > Zn (0.8 mg 
kg-1) > Pb mg kg-1) > Co (0.54 mg kg-1) > Cr (0.11 mg 
kg-1) > Ni (0.06 mg kg-1) > Cd (0.03 mg kg-1) = Mo 
(0.03 mg kg-1). The concentration of Cd in site 4 was 
higher than that in other sites. The concentration of 
Cr was the highest in site 9. The concentrations of 
Ni and Mn were high in site 12. Cu, Co and Zn were 
highly contained in distance 1~2 km from King Sejong 
Station. Pb was highly contained in vicinity of King 
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Table 2. Contents of heavy metals from soils in the vicinity of King Sejong Station in King George Island, Antarctic.

Site
Heavy metals

Pb Cd Cr Cu Co Zn Fe Ni Mo Mn
 ------------------------------------------------------------ mg kg-1 ------------------------------------------------------------
#1 0.38 0.03 0.06 4.72 0.30 0.91 147.5 0.04 0.03 36.86
#2 0.14 0.03 0.06 2.56 0.31 0.54 190.3 0.06 0.04 13.50
#3 2.20 0.03 0.06 11.65 1.40 2.05 137.7 0.09 0.05 29.73
#4 1.16 0.06 0.06 7.46 0.43 0.9 264.8 0.06 0.06 11.13
#5 0.58 <0.001 <0.001 4.84 0.21 0.54 273.4 <0.001 <0.001 6.53
#6 0.51 0.03 0.09 9.13 0.49 1.03 180.4 0.05 0.04 12.32
#7 <0.001 0.03 0.03 5.28 1.19 0.91 33.4 0.04 0.04 26.88
#8 <0.001 0.03 0.11 2.23 0.18 0.37 106.0 0.03 0.04 15.32
#9 <0.001 0.03 0.44 2.52 0.09 0.31 137.0 0.04 0.03 2.32
#10 <0.001 0.03 0.09 2.02 0.09 0.27 129.9 0.03 0.04 3.47
#11 0.24 0.04 0.10 3.71 0.30 0.45 234.8 0.06 0.03 9.37
#12 <0.001 0.03 0.14 7.66 1.49 1.13 135.1 0.16 0.03 60.14
#13 0.07 0.03 0.09 3.12 0.52 0.61 180.8 0.03 0.03 48.16

Fig. 2. Distribution characteristics of heavy metals in soil in the vicinity of King Sejong Station.

Sejong Station. As suggested by Hong et al. (1999), 
the use of leaded gasoline and diesel oil in King 
Sejong Station are likely sources of Pb. However, 
additional environmental factors, such as geological 
characteristics of substratum and distance from the 
seashore, should also be considered to precisely assess 
the human influence on heavy metal concentrations 
in soils. At the same sites in vicinity of King Sejong 
Station, the amounts of heavy metal contents in soils 
were different with that in lichen. According to Lim 
et al. (2009), who investigated heavy metal contents 
in lichen in vicinity of King Sejong Station, heavy 
metal contents in lichen were lower as distant increased 

from King Sejong Station. However, heavy metal 
contents in soils were low in comparison with heavy 
metal contents in lichen in this study. It could be not 
suitable for heavy metals to be adsorbed in soils 
compared as lichen because snows covering all of the 
areas interrupt adsorption. 

References

Andrade, S., A. Poblet, M. Scagliola, C. Vodopivez, A. Curtosi, 
A. Pucci, and J. Marcovecchio. 2001. Distribution of heavy 
metals in surface sediments from an antarctic marine ecosystem. 
Environ. Monit. Assess. 66:147-158.



Ik-Won Choi et al.106

Chang, S.K. 1997. Characteristics of land surface in the vicinity 
of King Sejong Station, Korean Antarctic Research Station. 
J. Kor. Earth Sci. Soc. 18(5):443-449.

Chang, S.K. 1999. Avifauna occurring around the King Sejong 
Station, King George Island, South Shetland Islands, Antarctic 
Peninsula. Bull. Kor. Inst. Orni. 7(1):19-35.

Cho, J.S., H.S. Lim, D.C. Seo, J.H. Kim, J.I. Lee, M.J. Han, Y.H. 
Cheong, and J.S. Heo. 2008a. The contents of Na, Mg, K and 
Ca cation in lichen, Usnea aurantiacoatra of King George 
Island, West Antarctica. Korea J. Soil Sci. Fert. 41:139.

Cho, J.S., H.S. Lim, D.C. Seo, J.H. Kim, J.I. Lee, Y.J. Park, J.S. 
Hur, Y.H. Cheong, and J.S. Heo. 2008b. Heavy metal contents 
in lichen, Usnea aurantiacoatra of King George Island, West 
Antarctica. Korea J. Soil Sci. Fert. 41:138.

Choi, I.W., Y.J. Park, D.C. Seo, S.W. Kang, W.T. Jeon, U.G. 
Kang, H.H. Sung, T.Y. Hur, J.S. Heo, and J.S. Cho. 2011. 
Physico-chemical characteristics of soil in the vicinity of King 
Sejong Station, King George Island, Antarctica. Korean J. Soil 
Sci. Fert. 44(5):709-716.

Hong, S., C.Y. Kang, and J. Kang. 1999. Lichen biomonitoring 
for the detection of local heavy metal pollution around King 
Sejong Station, King George Island, Antarctica. Korean J. 
Polar Res. 10:17-24.

Hong, S.M., A. Lluberas, G.W. Lee, and J.K. Park. 2002. Natural 
and anthropogenic heavy metal deposition to the snow in King 
George Island, Antarctic Peninsula. Ocean and Polar Res. 
24:279-287.

Kim, J.H., I.Y. Ahn, K.S. Lee, H. Chung, and H.G. Choi. 2007. 
Vegetation of Barton Peninsula in the neighborhood of King 
Sejong Station (King George Island, maritime Antarctic). 

Polar Biol. 30:903-916.
Kim, J.H., I.Y. Ahn, S.G. Hong, M. Andreev, K.M. Lim, M.J. 

Oh, Y.J. Koh, and J.S. Hur. 2006. Lichen flora around the 
Korean Antarctic Scientific Station, King George Island, 
Antarctic. J. Microbiol. 44:480-491.

Lee, J.S. 1992. Vegetational distribution of lichens in Barton 
Peninsula, King George Island, Antarctica. Kor. J. Polar Res. 
3:27-34.

Lim, H.S., M.J. Han, D.C. Seo, J.H. Kim, J.I. Lee, H. Park, J.S. 
Hur, Y.H. Cheong, J.S. Heo, H.I. Yoon, and J.S. Cho. 2009. 
Heavy metal concentrations in the Fruticose Lichen Usnea 
aurantiacoatra from King George Island, South Shetland 
Islands, West Antarctica. J. Korean Soc. Appl. Biol. Chem. 
52(5):503-508.

NIAST. 2000. Methods of soil chemical analysis. National 
Institute of Agricultural Science and Technology, RDA, 
Suwon, Korea. 

Poblet, A., S. Andrade, M. Scagliola, C. Vodopivez, A. Curtosi, 
A. Pucci, and J. Marcovecchio. 1997. The use of Epilithic 
Antarctic Lichens (Usnea aurantiacoatra and U. Antartica) to 
determine deposition patterns of heavy metals in the Shetland 
Islands, Antarctica. Sci. Total Environ. 207:187-194.

Santos, I.R., E.V. Silva-Filho, C. Schaefer, M.R. Albuquerque- 
Filho, and L.S. Campos. 2005. Heavy metal contamination 
in coastal sediments and soils near the Brazilian Antarctic 
Station, King George Island. Mar. Pollut. Bull. 50:185-194.

Osyczka, P., E.M. Dutkiewicz, and M. Olech. 2007. Trace 
elements concentrations in selected moss and lichen species 
collected within Antarctic Research Stations. Polish J. Ecol. 
55:39-48.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


