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Introduction

“Royal demolition explosive” or Hexahydro-1,3,5-trinitro-1,3,5-triazine (Cyclonite, Hexagon, RDX) is a cyclic nitroamine explosive that is due to its high stability and detonation power a major component in many military high-explosive formulations and a contaminant of concern at many military sites and live-fire training installations (THOMPSON, K.T. et al., 2005; KWON, M.J., FINNERAN, K.T., 2006). It is toxic to many plants (SCHOENMUTH, B. 2006, ECHEVARRIA LAZA, H.J. 2007; VILA, M. et al. 2007), known to affect the central nervous system of mammals and causes convulsions (FAUST, R.A., 1994) and the U.S. Enviromental Protection Agency (USEPA) has classified it as a class C possible human carcinogen and recommends a limit of 2 µg L-1 (USEPA, 2006).

The worldwide use of this explosives led to large-area soil contaminations with its residues metabolites which endanger the ground water by leaching as a result of precipitation.

Coniferous trees, which dominate those areas in Germany, are more tolerant to explosive contaminations than herbal plants and broad-leaved trees. Furthermore  is – caused by crown interception and winter transpiration – the percolation of rainfall and snow water underneath conifer forests substantially lower than beneath deciduous forests, or agronomic crops or grassland (SCHOENMUTH et al. 2008). 
The aim of this study is to balance and evaluate the sustainable fate of the explosive in conifer residues and forest soils.

Methods

For that reason five year old trees of Scots pine (Pinus sylvestris L.), Norway spruce (Picea abies (L.) H. Karst.) and a dwarf cultivar of the Alberta white spruce (Picea glauca var. albertiana 'Conica') were held in a hydroponic system containing a solution of 14C-labelled RDX for 9 (P. abies; P. glauca) and 13 days (P. sylvestris) respectively. Afterwards the pulse application ended and the solution was changed against a RDX-free one to observe the translocation of the explosive in the trees by determining the radioactivity in taken apical needles by oxidative combustion and subsequent liquid scintillation counting.

After further two weeks the trees were separated into their compartments (dead roots, fine roots, coarse roots, root stub, wood, needles, spring sprouts), dried to ascertain the RDX-concentration in the single compartments by combustion and liquid scintillation counting.

The 14C-RDX-contaminated plant material was used for mineralisation experiments to investigate the effects of different temperatures and the effectivety of soil additives (ethanol, molasses, cow slurry, biogas digestate) and added plant material (milled needles, wood and roots of P. abies) in special mineralisation incubators (Fig. 1) and to determine the leaching potential of the uptaken explosive.
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Fig. 1: Mineralization incubator

Results

Contrary to the literature where the highest RDX-concentrations were found in the aerial parts of the plants (VILA, M., LORBER-PASCAL, S., LAURENT, F. 2007) in our research 60 % of the explosive were accumulated in the roots of the conifers.

The leaching potential of the uptaken RDX differed strongly between the compartments. While in the aerial parts the soluble explosive reached 50 – 60 %, in the dead and fine roots almost 90 % were bound.

In the mineralization experiments was only in the beginning an effect of the temperature cognisable. After thirty days all temperature regimes showed approximately the same mineralization rates.

Concerning the influence of soil additives and added plant material no statement can be made yet. 

Literature

Echevarria Laza, H.J. (2007). Set-up of dose-response curves of esplosive like substances in soil of different sorption capacity. Master’s tesis MSc. International Agricultural Sciences, Humboldt-Universität zu Berlin, Institut für Gartenbauwissenschaften, Fachgebiet Phytomedizin

Faust, R.A. (1994). Toxicity Summary for Hexahydro-1,3,5-Trinitro-1,3,5-Triazine (RDX). Report, Oak Ridge Reservation Enviromental Restoration Program.
Kwon, M.J., Finneran, K.T. (2006). Microbially mediated biodegradation of hexahydro-1,3,5-trinitro-1,3,5-triazine by extracellular electron shuttling compounds. Appl. Environ. Microbiol. 72(9): 5933-5941

Schoenmuth, B. (2006). Dendrotoleranz gegenüber STV in Altlastböden und Langzeitschicksal von (14C)-Trinitrotoluol und (14C)-Hexogen in Nadelgehölzen (KORA TV5 A1). Zwischenbericht 2006, FKZ 0330704, PT Jülich, BMBF, 1-25

Schoenmuth, B. et al. (2008). Gibt es Nutzungsmöglichkeiten von Rüstungsaltlaststandorten zur Biomasseproduktion ? Symposium „Strategien zur Boden- und Grundwassersanierung“, 24.-25. Nov. Im DECHEMA-Haus in Frankfurt/Main, Poster P 6, unter: www.DendroRemediation.de
Thompson, K.T. et al. (2005). Mineralization of the Cyclic Nitramine Explosive Hexahydro-1,3,5-Trinitro-1,3,5-Triazine by Gordonia and Williamsia spp.. Appl. Environ. Microbiol. 71(12): 8265-8272

U.S. Environmental Protection Agency, (2006). Edition of the Drinking Water Standards and Health Advisories. EPA 822-R-06-013, Office of Water, Washington, DC. 

Vila, M., Lorber-Pascal, S., Laurent, F. (2007). Fate of RDX and TNT in agronomic plants. Environmental Pollution 148, S. 148-154 

Vila, M. et al. (2007). Phytotoxicity to and uptake of RDX by rice. Environmental Pollution 145, S. 813-817

Screw seals





Air flow control





Rot substrate





Reaction chamber





CO2 free air





Paraffin soaked quartz wool 





PUR foam





Soda lime (10 g)





PUR foam





Soda lime (10 g)





CO2 free air or N2





Gas supplies





 





 





 





PUR foam





 





Absorption


 cartridge





Supply for water and soil additiva








[image: image2.bmp][image: image3.bmp][image: image4.bmp][image: image5.bmp][image: image6.bmp][image: image7.bmp][image: image8.emf][image: image9.emf]