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Evidence for uptake and fate of the explosives TNT and RDX in conifers

B. Schénmuth, T. Scharnhorst, D. Schenke, W. Pestemer und C. Biittner

Introduction

Former military sites (ammunition plants and military training areas) represent 2.8%
(9,997 km?) of the entire German territory (Schrdder et al., 2003). Many of these
areas are contaminated with residues of explosive specific compounds. Main
contaminants are TNT (2,4,6-trinitrotoluene) and RDX (Royal Demolition eXplosive,
hexahydro-1,3,5-trinitro-1,3,5-triazine). The hazardous potential, mammalian toxicity,
mutagenic and carcinogenic features of explosives are reviewed by Talmage et al.
(1999).

Most of German former military sites are covered by woodlands dominated by
conifers. This causes our hypothesis, if conifer trees may contribute to natural
decontamination processes in explosive-polluted soils. Besides tolerance features of
conifers to explosives, uptake of explosives by coniferous species are the focus of our
investigations.

Methods

Three-years-old plants of Scots pine (Pinus
sylvestris) and of Canadian white spruce (Picea
glauca ‘Conica’) were cultivated in 8-cm pots in
quartz sand. The pots were supplied with glass
fibre wicks and placed on 500-ml-glass vessels
containing 200 ml of application solution. Using
glass fibre application systems the time course of
input of water-solved, bioavailable pollutants (TNT,
RDX) to the soil/tree system is precisely
quantifiable (Schoenmuth & Pestemer, 2004).
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Fig. 1: Experimental design
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For uptake studies, uniform ring-labelled ['*C]-TNT and ['“C]-RDX were permanently
applied via glass fibre wicks. After exposition to ['“C]-TNT and ['4C]-RDX overall
radioactivity of tree compartments was determined. Extractability of radio-labelled
explosives from plant tissues was estimated by Liquid Scintillation Counting. Radio-
labelled extracts were separated by radio thin layer chromatography (TLC).
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Fig. 3: Reduction of soil explosives by conifers.
The mass distribution of radio-labelled compounds shows that pines as well as
spruces are able to reduce the content of ['*C]-TNT and ["4C]-RDX in soil. Substrates
containing conifer plants clearly indicate less contents of explosive equivalents than
unplanted variants.
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Fig. 4: Extractability is low for ['*C]-TNT and high for ['“C]-RDX
Extractability of TNTeq was very low in roots (10%) but higher in wood (25-30%) and
highest in needles (30—-40%). The bulk of TNTeq is non-extractable bound in root
tissue and only very low amounts of metabolites are translocated to above-ground
tree parts. In contrast to TNTeq, high extractability of RDXeq in Pinus and Picea
obviously causes good mobility via the transpiration stream.
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Results & Discussion
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Fig. 5: Radio TLC analysis of '“C extracts from conifer roots

TLC analysis indicates that extractable TNTeq residual portions contain neither TNT
nor known metabolites (e.g. ADNTs, DANTSs), but TNT is metabolised to polar
metabolites. In RDX extracts however, RDX itself is the predominating compound.
This low degree of RDX metabolisation seems to be a prerequisite for mobility and
accumulation of RDXeq in above-ground tree compartments.

Conclusions

Conifers are excellent helper components to reduce the content of TNT and RDX in
soils, and so they may contribute remarkably to soil decontamination. Their
“dendroremediation” potential opens a wide range of future sustainable sanitation
possibilities for explosive-contaminated areas.

Fig. 2: Morphological compartimentalisation of '“C-uptake.

Both, TNT and RDX are accumulated in pines and in spruces. For TNT, highest
concentrations of ['*C]-TNT equivalents (eq) are found in roots (Fig. 2). Only a very
small percentage is transported to above-ground tree compartments, i.e. wood (3%)
and needles (2%).

For RDX, however, higher concentrations of ['*C]-RDX equivalents are observed in
above-ground tree compartments (wood and needles). Highest concentrations were
detected in needles of Pinus (94 mg RDXeq kg' DM). RDX is obviously translocated
by the transpiration stream in conifers.

References

Schoenmuth B W; Pestemer W (2004). Dendror ion of trinitrotoluene (TNT). Part 2: Fate of radio-labelled TNT in trees.
Environmental Science & Pollution Research 11, 331-339.
Schroder P; Fischer C; Debus R; Wenzel A (2003). Reaction of detoxification mechanisms in suspension cultured spruce cells
(Picea abies L. KARST.) to heavy metals in pure mixture and in soil eluates. Environmental Science & Pollution Research 10,
225-234.
Talmage S S; Opresko D M; Maxwell C J; Welsh C J E; Cretalla M F; Reno P H; Daniel F B (1999). Nitroaromatic munition

¢ Ny .

it ON

o0 l'j."
o -
d L o
bba s>, N
=T | Y

. . = p %

Biologische Bundesanstalt J, -

fiir Land- und Forstwirtschaft i . *,'-,“"

compounds: Environmental effects and screening values. Review of Envil 161, 1-156.
Ansprechpartner: Forderkennzeichen:
033 07 04
Institution:  Humboldt-Universitat zu Berlin,

Landw.-Géartner. Fakultat, Institut fir Gartenbauwissenschaften

Fachgebiet Phytomedizin GEFBRDERT VOM

Name: Dr. Bernd Schénmuth
Prof. Dr. Carmen Biittner

Adresse: Lentzeallee 55/57 Bundesministerium
14195 Berlin (Dahlem) fiir Bildung

Telefon: 030 / 8304-2354 u. 0160 / 259 36 08 und Forschung

Fax: 030/ 8304-2303

Email: berndschoenmuth@yahoo.de

Web: http://www.dendroremediation.de/KORA





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


