DIVISION OF ENVIRONMENTAL CHEMISTRY 

237th ACS National Meeting

Salt Lake City, Utah
March 22-26, 2009
THURSDAY AFTERNOON
Environmental Distribution, Degradation, and Mobility of Explosives and Propellant Compounds

III


M. Chappell, Organizer, Presiding
1:30 —241. RDX and HMX destruction by sulfides and black carbons. K. Dana, W. A. Mitch

1:50 —242. Fate of nitroaromatic (TNT) and nitramine (RDX and HMX) explosives on mineral surfaces. T. A. Douglas, M. R. Walsh, A. M. Jones, T. P. Trainor, C. J. McGrath, C. A. Weiss

2:10 —243. TiO2 photocatalytical degradation of phenylarsonic acid. S. Zheng, Y. Cai, K. E. O'Shea

2:30 —244. Ecotoxicology of munitions constituents in the marine environment. G. R. Lotufo, G. Rosen, W. Wild

2:50 —245. Accumulation of trinitrotoluene (TNT) in aquatic and terrestrial invertebrates: Formation and persistence of unextractable biotransformation products. J. Belden, C. K. Chambliss, G. R. Lotufo

3:10 —246. 2,4,6-Trinitrotoluene mineralization and incorporation by natural bacterial assemblages in the coastal ecosystems. M. T. Montgomery, T. J. Boyd, J. P. Smith, S. E. Walker, C. L. Osburn

ABSTRACTS
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RDX and HMX destruction by sulfides and black carbons 
Kathryn Dana, kathryn.dana@yale.edu and William A. Mitch, william.mitch@yale.edu, Department of Chemical Engineering, Yale University, Mason 308, 9 Hillhouse Ave, New Haven, CT 06520, Fax: 203-432-4387 

The explosive nitramines RDX and HMX are present in groundwater and soil near military testing sites and represent a threat to human health. Although these explosives undergo both biotic and abiotic attenuation under certain conditions, many of these mechanisms feature slow kinetics and generate nitrosated byproducts. We demonstrate that these explosives rapidly degrade in the presence of black carbons and hydrogen sulfide to release nitrite and formaldehyde, relatively innocuous byproducts. Our investigations indicate that the breakdown of these explosives occurs via one-electron transfers mediated by graphene regions in the carbon. Given the prevalence of black carbon in soil systems and the mM concentrations of hydrogen sulfide produced under anaerobic conditions, particularly in marine sediments, we believe that a black carbon-sulfide mechanism may play an important role in natural attenuation of these explosive nitramines. In particular, this natural system may serve as a protective blanket beneath UXO sites preventing offsite migration. 
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Fate of nitroaromatic (TNT) and nitramine (RDX and HMX) explosives on mineral surfaces 
Thomas A. Douglas1, thomas.a.douglas@usace.army.mil, Michael R. Walsh2, michael.r.walsh@erdc.usace.army.mil, Ashley M. Jones3, fsamj@uaf.edu, Thomas P. Trainor3, fftpt@uaf.edu, Christian J. McGrath4, christian.j.mcgrath@usace.army.mil, and Charles A. Weiss5, charles.a.weiss@usace.army.mil. (1) Biogeochemical Sciences, Cold Regions Research and Engineering Laboratory, Post Office Box 35170, Fort Wainwright, AK 99703-0170, Fax: 907-361-5142, (2) Cold Regions Research and Engineering Laboratory, Hanover, NH 03755-1290, (3) Department of Chemistry and Biochemistry, University of Alaska Fairbanks, Fairbanks, AK 99775-6160, (4) Environmental Laboratory, U.S. Army Engineer Research and Development Center, Vicksburg, MS 39180-6199, (5) Geotechnical and Structures Laboratory, U.S. Army Engineer Research and Development Center, Vicksburg, MS 39180 

We studied interactions between explosives compounds (TNT, RDX and HMX) and pure mineral surfaces using a series of geochemical measurements. One kg of eleven different pure minerals was detonated with a TNT, RDX and HMX mixture (composition B). Detonated and pristine minerals were investigated using attenuated total reflectance-Fourier transform infrared spectroscopy (ATR-FTIR), X-ray diffraction, scanning electron microscopy, and gas adsorption surface area measurements. Batch slurries were created by mixing detonated minerals with deionized water and measuring concentrations of primary explosives and secondary breakdown products over a 100 day period. Detonated samples generally exhibited lower gas adsorption surface areas perhaps due to explosives residue coating, shock induced consolidation and/or partial melting. TNT, HMX and RDX exhibited analyte loss in almost all batch solutions but loss was greater in vermiculite, bentonite and biotite than in muscovite and quartz. ATR-FTIR measurements show evidence of interactions between explosives nitro groups and mineral surfaces. 
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TiO2 photocatalytical degradation of phenylarsonic acid 
Shan Zheng, szheng@fiu.edu, Yong Cai, cai@fiu.edu, and Kevin E. O'Shea, osheak@fiu.edu, Department of Chemistry and Biochemistry, Florida International University, 11200 SW 8th Street, Miami, FL 33199, Fax: 305-348-3772 

Phenyl substituted arsenic compounds are used widely as feed additives in the poultry industry and have become a serious environmental concern. We have demonstrated that phenyarsonic acid (PA) is readily degraded upon TiO2 photocatalysis. PA is adsorbed strongly on the surface of Degussa P 25 TiO2 photocatalyst. The TiO2 photocatalytic degradation of PA follows first-order rate kinetics, and the mineralization of PA follows the Langmuir-Hinshelwood kinetic model, with an apparent rate constant (kr) of 2.8 μmol/L•min and the pseudo-equilibrium constant (K) for PA is 34 L/mmol. The pH of the solution influences the adsorption and photocatalytic degradation of PA due to the surface charge of TiO2 photocatalyst and speciation of PA. Phenol, catechol and hydroquinone are formed during the degradation. The roles of OH, O2- and hVB+ in TiO2 photocatalytic degradation of PA were probed by adding, tert-butyl alcohol, sodium azide, superoxide dismutase (SOD), and formic acid. The results suggest OH as the main oxidant for degradation of PA. TiO2 photocatalysis results in the rapid destruction of PA and may be attractive for treatment of water contaminated with a variety of organoarsenic compounds. 
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Ecotoxicology of munitions constituents in the marine environment 
Guilherme R. Lotufo1, Guilherme.Lotufo@erdc.usace.army.mil, Gunther Rosen2, gunther.rosen@navy.mil, and William Wild2, bill.wild@navy.mil. (1) Environmental Laboratory, ERDC-USACE, 3909 Halls Ferry Road, Vicksburg, MS 39180, (2) Environmental Sciences Code 71750, SPAWAR Systems Center Pacific, San Diego, CA 92152-6325 

The explosives TNT, RDX and HMX are likely to present low ecological risk under expected exposure scenarios in the marine environment. They undergo transformation upon contact with sediment, require high concentrations to produce toxic effects, and have low potential for trophic transfer to fish. TNT, the most toxic explosive, required high concentrations to induce effects (1-20 mg/L or 23-674 mg/kg) and its transformation via amination reduced potential for effects. RDX and HMX were consistently non-toxic to marine invertebrates, while fish mortality occurred at > 10 mg/L. Significant lethal or sublethal effects were not observed for invertebrates in aqueous or sediment exposures. Relatively low toxicity corresponded with low bioaccumulation potential in organism tissues (bioconcentration factors <16 ml/g). Effects concentrations are likely orders of magnitude higher than those which environmental receptors of concern would experience in the vicinities of UXOs in marine environments. 


ENVR 245 

Accumulation of trinitrotoluene (TNT) in aquatic and terrestrial invertebrates: Formation and persistence of unextractable biotransformation products 
Jason Belden, jbelden@okstate.edu, Department of Zoology, Oklahoma State University, 430 LSW, Stillwater, OK 74078, C. Kevin Chambliss, Kevin_Chambliss@baylor.edu, Department of Chemistry and Biochemistry, Baylor University, Waco, TX 76798, and Guilherme R. Lotufo, Guilherme.Lotufo@erdc.usace.army.mil, Environmental Laboratory, ERDC-USACE, Vicksburg, MS 39180 

Exposure to trinitrotoluene has been reported to result in unextractable residues, or residues not readily extracted by traditional solvent techniques. However, limited information is available about the chemical nature and biological half-life of unextractable residues. In this study, two aquatic invertebrates, Lumbriculus variegatus and Hyalella azteca, and a terrestrial invertebrate, Eisenia fetida, were exposed to 14C-labeled trinitrotoluene. In each case, a large fraction of recovered radioactivity was collected in the remaining tissue following acetonitrile extraction. The biological half-lives of the unextractable residues were twice that determined for extractable residues. Further studies, indicated that greater than 50% of the unextractable residue is liberated by weak acid solutions, potentially through hydrolysis. Ongoing HPLC-MS(/MS) studies are directed at gaining more specific information on the chemical identity of liberated components derived from TNT. Currently, the ecological and toxicological importance of these residues is unclear. However, since these residues are persistent and seemingly ubiquitous among organisms, further study is warranted. 
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2,4,6-Trinitrotoluene mineralization and incorporation by natural bacterial assemblages in the coastal ecosystems 
Michael T. Montgomery1, michael.montgomery@nrl.navy.mil, Thomas J. Boyd2, thomas.boyd@nrl.navy.mil, Joseph P. Smith1, joseph.smith@nrl.navy.mil, Shelby E. Walker3, sewalker@nsf.gov, and Christopher L. Osburn4, closburn@ncsu.edu. (1) Marine Biogeochemistry Section, Naval Research Laboratory, Code 6114, 4555 Overlook Ave SW, Washington, DC 20375, (2) Marine Biogeochemistry, Naval Research Laboratory, Washington, DC 20375, (3) Division of Ocean Sciences, National Science Foundation, Arlington, VA 22203, (4) Department of Marine, Earth & Atmospheric Sciences, North Carolina State University, Raleigh, NC 27695-8208 

We hypothesized that TNT would be transient in coastal ecosystems where bacterial growth was nitrogen limited. During 14 sampling events in coastal waterways (2002-2007), we measured TNT mineralization rates in surface sediment and water that were often within one order of magnitude of the bacterial production rate. In freshwater, TNT may be metabolized dissimilatorily rather than as a carbon or nitrogen source. Some areas of exceptionally high mineralization rates may be the result of rapid lignin metabolism. These areas include the Pawtuxant River mouth and convergence zones between water masses in Kahana Bay. Bacterial assemblages in coastal ecosystems may be assimilating TNT in a similar manner as other common organic nitrogen sources. This would explain the covariance between TNT mineralization and heterotrophic production. If TNT is preferentially incorporated into bacterial proteins rather than catabolized for energy, then mineralization rates measured may actually be remineralization of bacterial macromolecules by protozoan grazers.
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