DIVISION OF ENVIRONMENTAL CHEMISTRY 

237th ACS National Meeting

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

Poster Session


M. Chappell, Organizer, Presiding
6:00 - 8:00 

207. Canadian approach to the environmental characterization and risk assessment of military training activities. S. Brochu, R. Martel, G. Comeau, V. Nadeau, A. D. Hewitt

208. Environmental assessment of small arms live firing: Study of gaseous and particulate residues. S. Brochu, I. Poulin, D. Faucher, E. Diaz, M. R. Walsh

209. Gaseous and particulate matter emitted during live firing of artillery guns. E. Diaz, I. Poulin

210. Remediation of surface soils contaminated with energetic materials by thermal processes. I. Poulin

211. Residues from open burning of gun propellant. E. Diaz, I. Poulin, S. Brochu, A. Marois, A. Gagnon

212. Soil vadose zone chemistry of TNT and RDX under water-unsaturated conditions. C. L. Price, M. Chappell, A. J. George, G. Bourne, L. Ford, B. E. Porter

213. Reductive perchlorate degradation under water-unsaturated soil conditions. M. Chappell, A. J. George, B. Porter, C. L. Price

214. Thermal treatment of composition B residues by wildfire and managed burns. R. A. Price
ABSTRACTS

ENVR 207 

Canadian approach to the environmental characterization and risk assessment of military training activities 
Sylvie Brochu1, sylvie.brochu@drdc-rddc.gc.ca, Richard Martel2, Richard_Martel@inrs-ete.uquebec.ca, Guillaume Comeau2, guillaume.comeau@inrs-ete.uquebec.ca, Valérie Nadeau2, and Alan D. Hewitt3, alan.d.hewitt@usace.army.mil. (1) Energetic Materials Section, Defence Research Development Canada - Valcartier, 2459 Pie-XI Blvd North, Québec, Québec, QC G3J1X5, Canada, Fax: 418-844-4646, (2) Institut national de la recherche scientifique - Eau, Terre et Environnement, Université du Québec, Québec, QC G1K 9A9, Canada, (3) Geological Sciences Division, Cold Regions Research and Engineering Laboratory, Hanover, NH 03755-1290 

The Canadian sustainable military training R&D program is aimed at maintaining both military readiness and environmentally friendly defense activities in order to ensure the long-term usage of military training areas. Canadian bases are typically characterized in multiple phases using a soil surface study and a hydrogeological study under a collaborative effort of DRDC Valcartier and INRS ETE, respectively. These data are used to build geological and hydrogeological 3D models as well as water and soil quality maps. Vulnerability maps are built to describe the time of transportation from the surface of the soil to the groundwater. Risk maps are also produced using past firing records, the amount of energetics, their solubility, their persistency and the area of each training site. The risk analysis associated with military training is performed by combining the vulnerability and risk maps. This communication will present the approach using Canadian Force Base Petawawa as an example. 
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Environmental assessment of small arms live firing: Study of gaseous and particulate residues 
Sylvie Brochu1, sylvie.brochu@drdc-rddc.gc.ca, Isabelle Poulin1, isabelle.poulin@drdc-rddc.gc.ca, Dominic Faucher1, Emmanuela Diaz1, emmanuela.diaz@drdc-rddc.gc.ca, and Michael R. Walsh2, michael.r.walsh@erdc.usace.army.mil. (1) Energetic Materials Section, Defence Research Development Canada - Valcartier, 2459 Pie-XI Blvd North, Québec, Québec, QC G3J1X5, Canada, Fax: 418-844-4646, (2) Cold Regions Research and Engineering Laboratory, Hanover, NH 03755-1290 

In order to properly advise the U.S. and Canadian Forces to sustain military training, and to help design alternative gun propellant formulation with better combustion properties than current ones, it is necessary to increase the knowledge on the buildup of contamination by propellant residues on the ground, and also on the gaseous emissions resulting from the live fire of the weapons. A study was thus undertaken to estimate the amount of unburned energetic residues deposited per round fired for 15 different caliber/weapon systems (9-, 7.62-, 5.56-mm, .50- and .338-cal). For all trials, samples were collected in aluminum plates strategically located on the ground in front of the gun. To identify the most common air contaminants and their concentrations, air samples were also collected for the three most commonly used systems. All samples were analyzed for nitroglycerin and 2,4-dinitrotoluene. Gas samples were analyzed for polycyclic aromatic hydrocarbons, total cyanides, the BTEX suite, aldehydes, and nitric acid. 


ENVR 209 

Gaseous and particulate matter emitted during live firing of artillery guns 
Emmanuela Diaz, emmanuela.diaz@drdc-rddc.gc.ca and Isabelle Poulin, isabelle.poulin@drdc-rddc.gc.ca, Energetic Materials Section, Defence Research Development Canada - Valcartier, 2459 Pie-XI Blvd North, Val-Bélair, Québec, QC G3J1X5, Canada, Fax: 418-844-4646 

During live firings of howitzer artillery guns, particles and gases from the gun propellant combustion are emitted at the muzzle of the gun. Some particles settle directly in front of the gun and some others are transported with gases. This may induce a change in the air quality and create contamination in the environment. This study focussed on the air emissions produced during the live firing of LG1 Mark II (105-mm) and M777 (155-mm) howitzers and two shoulder-launched weapons (Carl Gustav 84-mm and M72 (66-mm) light anti-tank weapon). Sampling was carried out during military training to ensure representative conditions. Size distribution, morphology and chemical composition of the particles was determined using scanning electron microscopy and energy dispersive X-ray spectrometry. Sampling of selected compounds in the gaseous plume (HAPs, BTEX, aldehydes cyanide, nitric acid) was done using sorbent tubes and the concentrations were determined by various analytical methods. 
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Remediation of surface soils contaminated with energetic materials by thermal processes 
Isabelle Poulin, isabelle.poulin@drdc-rddc.gc.ca, Energetic Materials Section, Defence Research Development Canada - Valcartier, 2459 Pie-XI Blvd North, Quebec, QC G3J1X5, Canada, Fax: 418-844-4646 

As a result of military training, many ranges and training areas (RTAs) are contaminated with energetic materials (EMs). In Canada, for many sites characterized, more than 80% of the overall contamination was found in the first 10 cm of the surface soil for the propellant residues at the firing positions. Military personnel can be exposed to these compounds which may eventually be transported to surface and ground water. At this moment, there is no protocol for routinely removing propellant residues from surface soils. Various remediation strategies are currently being studied (phytoremediation, fire ecology, etc.) in order to address the problem of surface soils contamination by EMs. This presentation will show the results of trials aimed at evaluating up to which extent the combustion of selected liquid and gelled fuels could be used as a remediation method for the thermal decomposition of propellant in surface soils. 
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Residues from open burning of gun propellant 
Emmanuela Diaz, emmanuela.diaz@drdc-rddc.gc.ca, Isabelle Poulin, isabelle.poulin@drdc-rddc.gc.ca, Sylvie Brochu, sylvie.brochu@drdc-rddc.gc.ca, André Marois, and Annie Gagnon, Energetic Materials Section, Defence Research Development Canada - Valcartier, 2459 Pie-XI Blvd North, Val-Bélair, Québec, QC G3J1X5, Canada, Fax: 418-844-4646 

Military live fire artillery training involves the burning of the excess propellant bags at the end of the exercise. This is done by burning the propellant bags directly on the ground, on a yearly basis without consideration for the pertaining meteorological conditions. The combustion process is incomplete and leaves residues on the soil surface, such as nitroglycerine, dinitrotoluenes, dioxins and furans. To better assess the amount of contaminants released during this process, burning tests were conducted using propellant bags from 105- and 155-mm howitzers munitions. Various burning patterns were realized, i.e., the number of bags was modified and the burning was performed directly on pristine snow cover and on the ground. Samples were collected and analyzed by high performance liquid chromatography and a characterization by scanning electron microscopy was also performed on selected residue samples. 
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Soil vadose zone chemistry of TNT and RDX under water-unsaturated conditions 
Cynthia L. Price1, cynthia.l.price@usace.army.mil, Mark Chappell1, Aaron J. George2, aaron.j.george@usace.army.mil, Gerald Bourne2, gerald.g.bourne@usace.army.mil, Lesley Ford2, lesley2247@msn.com, and Beth E. Porter2, beth.e.porter@usace.army.mil. (1) Soil & Sediment Geochemistry, Environmental Laboratory, U.S. Army Corps of Engineers, 3909 Halls Ferry Rd, Vicksburg, MS 39180, (2) SpecPro, Inc, Vicksburg, MS 39180 

TNT and RDX are munition constituents (MC) that are traditionally attributed with low retention on the soil surface. However, studies have shown that TNT readily degrades once introduced into soil – suggesting intimate contact with soil surfaces either through biotic or abiotic pathways. Furthermore, the mechanisms for MC degradation is purely reductive (-300 mV) – a condition that never exists in soils unless continuously water-logged over several weeks – which possible linkages to Fe oxide redox loops may provide the degradative pathway. For this paper, we discuss ongoing work studying the equilibrium chemistry of TNT and RDX in water-unsaturated soils using column mobility studies. Soils were eluted with solutions containing dissolved TNT and RDX and a calcium bromide tracer. Moisture content was strictly controlled and monitored at each soil's individual permanent wilting point (matric potential = -15 bars) using NIR reflectance spectroscopy. Preliminary work demonstrates that TNT and RDX are highly retained at pore volumes higher than predicted by literature Kd values under water-unsaturated conditions. 
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Reductive perchlorate degradation under water-unsaturated soil conditions 
Mark Chappell1, Aaron J. George2, aaron.j.george@usace.army.mil, Beth Porter3, and Cynthia L. Price1, cynthia.l.price@usace.army.mil. (1) Soil & Sediment Geochemistry, Environmental Laboratory, U.S. Army Corps of Engineers, 3909 Halls Ferry Rd, Vicksburg, MS 39180, Fax: 601-634-3410, (2) SpecPro, Inc, Vicksburg, MS 39180, (3) SpecPro, Huntsville, AL 35805 

The enzyme-mediated degradation of perchlorate has been shown to occur by the following pathway: perchlorate to chlorate to chlorite to chloride. The typically low sorptive retention promotes the traditional view that perchlorate degradation is strictly a solution phase, biotic phenomenon. Yet, little is known about the potential interaction chemistry of perchlorate with the soil surface. For this study, we incubated different Fe-rich soils at 15 and 30 % moisture. Replicates were sacrificed with time and extracted with dilute sodium nitrate to extract perchlorate from the soil. Preliminary results have shown a decrease in perchlorate corresponded with increased recovered chloride concentration with no intermediate products found. Ongoing studies are designed to determine whether abiotic and/or biotic mechanisms are controlling this transformation. 
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Thermal treatment of composition B residues by wildfire and managed burns 
Richard A. Price, richard.a.price@usace.army.mil, U.S. Army Corps of Engineers, 3909 Halls Ferry Road, Vicksburg, MS 39180 

The use of live munitions in U.S. Army training activities has the unintentional consequence of unexploded ordnance or residual explosive compounds remaining on training ranges and potentially contributing to transport of toxic compounds off-site. Occasional fires that result from exploding ordnance or as a result of land management activities to control invasive or non-native plant species has been shown to provide a natural remedial alternative. Tests conducted in a wind tunnel and in the field have demonstrated as much as 90% of Comp-B in vegetated training ranges can be consumed by fire. Results will be discussed.
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