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Phytoremediation is a potential remedy in the treatment of soil and groundwater contaminated with the energetic contaminant 2,4,6-trinitrotoluene. Plants have been shown to have the capacity to take up and transform TNT, amongst other energetic materials, in the lab and at a field scale. Axenic (microbe-free) plant systems used in these studies have elucidated the unique role of plants in TNT transformation. Based on numerous experiments and analytical compound identification, a pathway depicting TNT transformation has been developed. This pathway, based on the “green liver model”, shows the initial reduction of TNT to the hydroxylamines- 2-hydroxylamine-4,6-dinitrotoluene and its isomer the 4-hydroxylamine-2,6,-dinitrotoluene. The hydroxylamines are subsequently completely reduced to the monoamines- 2-amino-4,6-dinitrotoluene and 4-amino-2,6,-dinitrotoluene. Alternatively, the hydroxylamines can also be oxidized or isomerized to other metabolite branches. These reduced, oxidized and isomerized metabolites are then subjected to a plant conjugation mechanism, wherein plant biomolecules like sugars are attached to their functional groups. These transformation steps serve to reduce the toxicity of the parent TNT and polarize the compound. The conjugated metabolites are then polymerized by the plant enzymes and attached to the plant biomass, often irreversibly. Since these compounds have a final fate of being “bound” to the plant, they are not immediately bioavailable in the ecosystem. Toxicity to other living organisms of plant residue that has processed TNT has not been fully addressed. The experiments and analysis leading to the determination of this pathway have been reviewed in recent chapters and papers. Detailed mass balances with uniformly 14C-radiolabeled TNT have shown its uptake and transformation, the formation and removal of the metabolites, and the final fate of the carbon lodged in the plant. Studies have also shown that TNT transformation occurs mainly within the root zone. Further understanding of TNT transformation is being attempted via genetic analysis of mutants of Arabidopsis thaliana. Populations of these mutants have been screened, and those resistant to TNT have been isolated. Genetic and metabolic analysis of these mutants will lead to, it is hoped, an understanding of the genes and enzymes involved in TNT transformation. This can, eventually, lead to the development of better native hybrids capable of enhanced TNT attenuation. 
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