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Abstract : Hodgson’s bats are critically endangered in South Korea. This study analyzed the concentrations of elements
in liver, kidney, and intestine tissues from a Hodgson’s bat found dead in the wild. The concentrations of essential
elements followed the order Fe > Zn > Cu>Mn > Se in the three tissues. Hg was detected at the highest concentrations
among the non-essential elements analyzed in the liver and kidney tissues, while As was the most highly concentrated
non-essential element in the intestine. To the best of our knowledge, this is the first study of tissue element concentrations

in Hodgson’s bats.
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The Hodgson’s bat, also known as the copper-winged bat,
is a medium-sized (11-13 g of body weight) vesper bat, and
can be distinguished from most other species of bats by its
yellowish coloration. The species is currently found in north-
ern South Asia, parts of Southeast Asia and East Asia. There
appear to be no major threats to this species as a whole in
South Asia, as it is highly adaptable [4]. However, the Korean
subspecies, Myotis formosus tsuensis, is critically endan-
gered due to unknown causes and has legal protection [9].

Essential trace elements are involved in numerous meta-
bolic and physiological processes in the body. Suboptimal
levels of trace elements may affect biological processes, and
have been associated with susceptibility to many diseases.
Contamination of soil, water, and the atmosphere leads to the
incorporation of toxic elements into the food chain, present-
ing a health threat to wild animals.

A carcass of a Hodgson’s bat was found partially decom-
posed in August 2012 at Gosudonggul Cave in Danyang,
South Korea (coordinates: 36°59'N, 128°23'E) and stored at
—80°C. The body was about 5.6 cm long from head to feet.
The cause of death was not identified at post-mortem exami-
nation.

The liver, kidney, and intestine from the carcass were
freeze-dried and then mineralized in concentrated nitric acid
[3]. The sample solutions were then filtered and diluted with
water. Mercury concentrations were analyzed with a cold
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vapor atomic absorption mercury analyzer (CETAC Technol-
ogies, USA). The concentrations of other elements were ana-
lyzed with an inductively-coupled plasma mass spectrometer
(Varian Medical Systems, USA) or an inductively-coupled
plasma optical emission spectrometer (Varian Medical Sys-
tems). Element concentrations were expressed as mg/kg
based on dry weight.

In the three tissues analyzed, the concentrations of essen-
tial elements followed the order Fe>Zn> Cu>Mn> Se >
Mo > Co (Table 1). This ordering was comparable with pre-
vious observations of liver tissues of bats [1, 2, 6, 10] as well
as various human tissues [7]. Selenium was most highly con-
centrated in kidney (compared with other tissues), while all
other elements were most highly concentrated in the liver.

The concentrations of essential elements measured in the
present study were within the ranges described in previous
reports for several bat species [1, 2, 6, 10]. The ratios of Fe,
Zn, Cu, and Mn in Hodgson’s bat liver were 100, 7.51, 2.07,
and 1.33, respectively (Table 1), which is comparable with
other bat species [2, 5, 10], of which the mean elemental
concentration ratio is 100, 8.21, 1.84, and 1.38. The equiva-
lents for human and 6-month-old rat livers are 100 :28.8 :
2.49:0.57 and 100 : 8.69 : 1.45 : 0.80, respectively [7, 8]. The
ratios for bats appear to be more similar to those of rats than
to those of humans. Bat and rat livers appear to have a lower
level of Zn than seen in humans.
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Table 1. Essential element concentrations in the tissues of a Hodgson’s bat found dead in the wild in South Korea (mg/kg dry weight)

Co Cu Fe Mn Mo Se /n
Liver 0.075 14.7 710 9.47 1.27 1.96 533
Kidney 0.066 7.26 480 6.20 0.572 2.71 40.4
Intestine 0.058 9.21 225 6.18 0.912 2.20 423

Table 2. Non-essential element concentrations in the tissues of a Hodgson’s

bat found dead in the wild in South Korea (mg/kg dry weight)

As Cd Cr Hg Pb
Liver 0.159 0.583 0.163 0.833 0.053
Kidney 0.246 0.287 ND 0.610 0.110
Intestine 4.67 0.310 0.433 0.885 0.077

Mercury was detected at the highest concentrations of the
five non-essential and potentially toxic elements found in the
liver and kidney tissues, while Cd showed the second high-
est concentrations (Table 2). Based upon a recent study in
this laboratory, Hg exhibits the highest concentration among
non-essential elements analyzed in the tissues of Eurasian
otters in South Korea [5]. These findings suggest that Hg is
one of the most biologically available non-essential elements
in wild animals in South Korea. Lead was detected at the
lowest level among the analyzed non-essential elements in
the liver and intestines. These findings are in contrast with a
recent review of tissue element concentrations in various wild
bats from around the world, in which the concentrations of
the five non-essential elements followed the order Pb>Hg>
Cr>Cd > As [11]. The difference in tissue concentration orders
may be related to the degree of local environmental contam-
ination and to the availability of those elements to bats.

Interestingly, As was the most highly concentrated non-
essential element in the intestine. The intestinal As concen-
tration was at least 18.9-fold higher than those of the liver
and kidneys. These findings suggest that the bat was exposed
to food or water highly contaminated with As shortly before
its death. Future studies are warranted to elucidate the source
of As and its risk to Hodgson’s bats.

To the best of our knowledge, this is the first available
study of elemental concentrations in tissues from a Hodg-
son’s bat. The present study may provide baseline informa-
tion that will facilitate the conservation of this critically
endangered species in South Korea.

Acknowledgments

This research was supported by the National Research
Institute of Cultural Heritage, Cultural Heritage Administra-
tion, the Republic of Korea.

References

1. Allinson G, Mispagel C, Kajiwara N, Anan Y, Hashimoto

10.

11.

J, Laurenson L, Allinson M, Tanabe S. Organochlorine
and trace metal residues in adult southern bent-wing bat
(Miniopterus schreibersii bassanii) in southeastern Australia.
Chemosphere 2006, 64, 1464-1471.

. Courtin F, Stone WB, Risatti G, Gilbert K, Van Kruiningen

HJ. Pathologic findings and liver elements in hibernating
bats with white-nose syndrome. Vet Pathol 2010, 47, 214-
219.

. Diederich J, Michalke B. Enhanced extract preparation of

native manganese and iron species from brain and liver
tissue. Anal Bioanal Chem 2011, 399, 1799-1806.

. IUCN Red List of Threatened Species. Version 2013.2.

Mpyotis formousus: International Union for Conservation of
Nature and Natural Resources. Cambridge, 2013.

. Kang S, Kang JH, Kim S, Lee SH, Lee S, Yu HJ, Oh

SJ, Park JD, Nam KH, Han SY, Lim JD, Ryu DY. Trace
element analysis of three tissues from Eurasian otters (Lutra
lutra) in South Korea. Ecotoxicology. 2015, 24, 1064-72.

. Méndez L, Alvarez-Castafieda ST. Comparative analysis of

heavy metals in two species of ichthyophagous bats Myotis
vivesi and Noctilio leporinus. Bull Environ Contam Toxicol
2000, 65, 51-54.

. Rahil-Khazen R, Bolann BJ, Myking A, Ulvik RJ. Multi-

element analysis of trace element levels in human autopsy
tissues by using inductively coupled atomic emission spectro-
metry technique (ICP-AES). J Trace Elem Med Biol 2002,
16, 15-25.

. Takahashi S, Takahashi I, Sato H, Kubota Y, Yoshida S,

Muramatsu Y. Determination of major and trace elements in
the liver of Wistar rats by inductively coupled plasma-atomic
emission spectrometry and mass spectrometry. Lab Anim
2000, 34, 97-105.

. Won C, Smith KG. History and current status of mammals

of the Korean Peninsula. Mamm Rev 1999, 29, 3-36.

Zocche JJ, Leffa DD, Damiani AP, Carvalho F,
Mendong¢a RA, dos Santos CEI, Boufleur LA, Dias JF, de
Andrade VM. Heavy metals and DNA damage in blood
cells of insectivore bats in coal mining areas of Catarinense
coal basin, Brazil. Environ Res 2010, 110, 684-691.

Zukal J, Pikula J, Bandouchova H. Bats as bioindicators of
heavy metal pollution: history and prospect. Mamm Biol
2015, 80, 220-227.




<<
  /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 600
  /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 600
  /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 <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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


