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Degradation products of TNT after Fenton oxidation 
Curt W. Jarand1, cjarand@uno.edu, Kan Chen1, Richard B. Cole1, rcole@uno.edu, Duc-Truc Pham2, Stephen F. Lincoln2, and Matthew A. Tarr1, mtarr@uno.edu. (1) Department of Chemistry, University of New Orleans, 2000 Lakeshore Drive, New Orleans, LA 70148, (2) Department of Chemistry, University of Adelaide, Adelaide S.A. 5005, Australia 

Fenton chemistry has demonstrated utility in the remediation of soils containing recalcitrant explosives, such as TNT. However, the method suffers from a lack of specificity and precipitation of the iron catalyst when conducted at typical soil pH values. This lack of specificity can lead to a large number of degradation products with varying levels of toxicity and mobility in the soil matrix. In the current study we have examined the ability of two commercially available and two synthetic cyclodextrins (CDs) with metal chelating functionalities to enhance Fenton degradation of TNT through formation of TNT/Fe/CD complexes. All CDs examined demonstrated a significant enhancement of TNT degradation rates compared to identical conditions with no CDs present. In addition to kinetic studies, we have identified a variety of both oxidative and reductive TNT transformation products in the CD complex reactions by HPLC-UV-Vis and ESI-MS-MS analysis. 
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Computational predictions of environmentally important physical properties of explosives 
Yana Kholod1, yana@ccmsi.us, Leonid Gorb1, lgorb@ccmsi.us, Frances Hill2, Mo Qasim2, 601-634-3422, and Jerzy Leszczynski1, jerzy@ccmsi.us. (1) Computational Center for Molecular Structure and Interactions, Department of Chemistry, Jackson State University, Jackson, MS 39217, (2) U.S. Army ERDC, Vicksburg, MS 39180 

We will present the results of three years of extensive computational simulations of environmentally important physical properties of such classes of explosives as nitroaromatics, nitroamines and nitrogen rich compounds. These studies were performed at the Environmental Laboratory of the U.S. Army Corps of Engineers, ERDC, Vicksburg, MS and at the Computational Center for Molecular Structure and Interactions, Jackson State University. The proposed technique of calculations is based on quantum-chemical methods and covers the prediction and comparison with evaluable experimental data of vapor pressure, Henry's law constants, water solubility, octanol-water partition coefficients and reduction potentials. Since the major component that determines the migration and ultimate fate of chemicals in the environment is solubility, this property was analyzed with special care. In particular, the temperature dependence of explosive solubilities has been predicted at the quantum-chemical level and compared for accuracy with the values obtained with QSAR based predictions. 
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Transport of RDX and TNT from Composition B explosive during simulated rainfall 
Richard A. Price1, richard.a.price@usace.army.mil, Michelle Bourne1, michelle.bourne@usace.army.mil, James Lindsay2, jay.lindsay@usace.army.mil, and Jim Cole2, jim.cole@usace.army.mil. (1) U.S. Army Corps of Engineers, 3909 Halls Ferry Road, Vicksburg, MS 39180, (2) Bowhead, Vicksburg, MS 39180 

A complete understanding of the fate of munitions constituents (MC) on U.S. Army training lands is needed to develop the fundamental framework for the contaminant transport, transformation and fate (CTT&F) model for predicting the impacts of training activities on the distribution of MC in the environment. Explosive compounds RDX, TNT, and HMX derived from Composition B explosive are of particular concern due to their toxicity potential and widespread use. Distribution of these compounds from particulate Comp-B exposed to rainfall was determined in the laboratory using a rainfall simulator. Results will be discussed. 
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Fate and effects of TNT and RDX released from Composition B fragments in marine microcosm exposures 
Gunther Rosen1, gunther.rosen@navy.mil, Guilherme R. Lotufo2, Guilherme.Lotufo@erdc.usace.army.mil, and William Wild1, bill.wild@navy.mil. (1) Environmental Sciences Code 71750, SPAWAR Systems Center Pacific, 53475 Strothe Road, San Diego, CA 92152-6325, (2) Environmental Laboratory, ERDC-USACE, Vicksburg, MS 39180 

Exposure of munitions constituents (MC) to ecological receptors in marine environments may result from underwater leakage of unexploded ordnance over time, or as a result of dissolution of undetonated fragments of MC following low-order detonations. To simulate such exposure, the fate and effects of TNT and RDX from Composition B ) fragments were assessed in marine microcosm experiments under a variety of scenarios. The presence or absence of flow and positioning of the fragments (sediment surface or buried) resulted in marked differences in the degree of dissolution over a 35-day period and in measurable bioaccumulation and toxicity for marine vertebrate and invertebrate indicators. Solid phase microextraction (SPME) fibers were also shown to be valuable surrogates for estimation of bioavailable MC in sediment. The overall conclusion of the study supports other investigations by the authors that suggest low potential for exposure or effects to the biota. 
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Photolysis of 2,4,6-trinitrotoluene in seawater: Effects of salinity and nitrate concentration. 
Daniel W. O'Sullivan, osulliva@usna.edu, Jeffrey R. Denzel, m091746@usna.edu, and Dianne J. Luning Prak, Department of Chemistry, United States Naval Academy, 572 Holloway Road, Annapolis, MD 21402, Fax: 410-293-2218 

The photolysis rate of 2,4,6-trinitrotoluene (TNT) was examined in a variety of natural waters from pure water to a seawater end member. Photolysis experiments were performed using a Suntest CPS+® solar simulator equipped with an optical cell holder with eight positions for long-pass cutoff filters ranging from 295 to 495 nm. Photolysis of TNT followed first order kinetics in all water types examined. Photolysis of TNT occurred at wavelengths less than 320 nm, but not significantly at wavelengths above 395 nm. The rate of photolysis decreased in the order seawater > estuarine water > fresh water >> pure water, with the photolysis half-life for each water type at wavelengths less than 320 nm of 70, 120, 200 and 700 minutes, respectively. Changes in ionic strength from fresh to seawater do not account for the observed differences. Photolysis rates of TNT were not affected by the concentration of nitrate over the range expected in natural waters. 
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Photolysis of TNT examined by multinuclear NMR 
KA. Thorn, kathorn@usgs.gov and Larry G. Cox, U.S. Geological Survey, Denver Federal Center, Box 25046 M.S. 408, Denver, CO 80225-0046, Fax: 303-236-3934 

Aqueous phase photochemical degradation of 2,4,6-trinitrotoluene (TNT) is an important pathway in several environments, including washout lagoon soils, impact craters from partially detonated munitions that fill with rain or groundwater, and shallow marine environments containing unexploded munitions that have corroded. Previous laboratory studies have indicated that UV irradiation of aqueous TNT solutions results in a multicomponent product mixture, including polymerization compounds, that has been only partially resolved by mass spectrometric analyses. Here multinuclear NMR is used to characterize the total product mixture from aqueous photolysis of TNT, and the effect of reaction matrices and conditions. Degradation products from photolysis of TNT in distilled water include aromatic amine, primary amide, phenylhydroxylamine, azoxy, azo, and carboxylic acid compounds, in addition to ammonia. These degradation products are also present in the photolysate of TNT in natural pond water (pH 8.3), except for ammonia and the azo compounds. 
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Quantifying natural attenuation of hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) in groundwater using compound specific 15N and 18O isotope analysis 
Anat Bernstain1, anat.bernstein@helmholtz-muenchen.de, Zeev Ronen2, zeevrone@bgu.ac.il, Eilon Adar2, eilon@bgu.ac.il, Rainer Meckenstock1, rainer.meckenstock@helmholtz-muenchen.de, and Willibald Stichler1. (1) Institute for Groundwater Ecology, Helmholtz Zentrum München, Ingolstädter Landstraße 1, Neuherberg D-85764, Germany, Fax: 49 (0)893187-3361, (2) Department of Environmental Hydrology and Microbiology, Ben-Gurion University of the Negev, J. Blaustein Institute for Desert Research, Sede Boker Campus, 84990, Israel, Fax: 972-7-659-6831 

Compound-specific isotope analysis (CSIA) was used for the first time to examine the biodegradation extent of hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) along a ~1.35 km contaminated plume. The changes in the 15N of RDX- N along the plume was from -8.1‰ in the source area to + 2.7‰ down gradient. Based on previously obtained enrichment factors, biodegradation extent was found to reach up to 99.5% of the initial mass, 1.15-1.35 km down to the contamination sources. A range of first order biodegradation rates were calculated, with half-life values ranging between 4.4 to 12.8 years at most sampling locations along the plume. Biodegradation rates were found to be correlated with depth, decreasing in deeper groundwater layers. Our findings clearly indicated that RDX is naturally biodegraded in the contaminated aquifer. The use of CSIA for mentoring RDX degradation combined with microbial and geochemical data are effective in proving natural attenuation of these classes of compounds.
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