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ABSTRACT:  A number of unsaturated soil microcosm experiments were performed at 20(C on TNT (2,4,6-trinitro-toluene) and RDX (hexahydro-1,3,5-trinitro-1,3,5-triazine) using an enzyme extract from spinach (Spinacia oleracea) to obtain transformation kinetic data for optimizing an enzymatic treatment protocol.  Fresh spinach leaves were homogenized with a buffered protease inhibitor cocktail to obtain the crude enzyme, which was employed as the phytoremediator.  Soil microcosms containing 250 g of either a sandy loam soil contaminated with 1000 mg/kg TNT or 1000 mg/kg RDX or a silty clay loam soil contaminated with 1900 mg/kg TNT or 2000 mg/kg RDX were dosed with fixed aliquots of enzyme extract every third day for periods of 15 or 30 days and analyzed for TNT and RDX transformation over time.  The explosives were monitored using an analytical method for nitroaromatic compounds based on EPA Method 8330 for High Performance Liquid Chromatography (HPLC).  Nitrate reductase activity (U) of the crude enzyme was simultaneously quantified.  Watermark ( granular matrix sensors were used to monitor daily moisture tension (kPa) within each microcosm.  Overall transformation was characterized with respect to percentage removal (%), average daily transformation rate ((g/d), overall transformation efficacy ((g/U), and normalized average daily transformation rate with respect with applied enzyme activity ((g/d/U) or applied spinach mass ((g/g/d).  Pseudo-first order rate constants were estimated.  In general, RDX proved to be recalcitrant for both soils under the stated test conditions.  Limited transformation was observed for TNT.  Overall, TNT transformation was lower for the silty clay loam soil as compared to the sandy loam soil.   

NATURE, SCOPE, AND OBJECTIVE OF THE RESEARCH


Explosive residues of TNT (2,4,6-trinitrotoluene) and RDX (hexahydro-1,3,5-trinitro-1,3,5-triazine) are commonly encountered in munitions-contaminated soils at military installations worldwide, resulting from manufacture of secondary explosives, fabrication of finished munitions, demilitarization operations, and utilization of munitions at military firing ranges.  A recent General Accounting Report indicated that over 15 million acres of land in the United States is known to be or is suspected of being contaminated with military munitions (GAO 2003).  Additionally, over 2,307 potentially contaminated sites have been identified by the Department of Defense (GAO 2003).  The EPA currently classifies TNT and RDX as possible or suspected human carcinogens (Group C) and has issued drinking water health advisories of 2 (g/L for each based on a lifetime exposure.  TNT is mutagenic and causes liver damage and aplastic anemia in humans (Medina et al. 2003).  RDX is not a mutagen; however, it does cause nausea, vomiting, unconsciousness, and seizures in humans, and is tumorigenic and poisonous for rats (Medina et al. 2003).   To date no general clean-up criteria exist for contaminated soils.  Instead, clean-up levels in soil have been evaluated on a case-by-case basis depending upon the extent of soil contamination and the proximity to locations of groundwater use.  For example, soil remediation goals for TNT and RDX contamination at the Yorktown Naval Weapons Station in Yorktown, Virginia were set at 14 and 5 mg/kg, respectively (http://www.adventus.us/yorktown.htm).  In addition to the potential human health risk from TNT and RDX exposure, an ecological risk may exist for animals and plants from long-term exposure to contaminated surface soils.  

Remediation of surface soils to remove the source of explosives accomplishes two objectives: 1) to attenuate existing or eliminate groundwater contamination, and 2) to reduce or eliminate human health and ecological risk from soil exposure.  Traditional ex-situ remediation of surface soils, for example using composting, requires site excavation and is costly.  Phytoremediation using direct application of crude extracts or pureed plants to the soil surface or incorporation of these materials within the soil, however, may hold great promise as an efficient, inexpensive, non-aggressive in-situ clean-up technology for explosives-contaminated soils under certain environmental conditions (Medina et al. 2002).  With numerous contaminated sites in existence nationally and worldwide, effective treatment technologies need to be made available as soon as possible.  Perpetuation of phytoremediation depends on expanding current research and developing an understanding of its potential and in-situ requirements. 


The objective of this research was to study the potential of phytoremediation as an alternative treatment option for remediation of explosives residues in soil.  The research also aimed to examine the effectiveness of enzymatic treatment for a low organic sandy loam soil in contrast with a higher organic silty clay loam soil.  Experiments consisted of unsaturated soil microcosm studies using a nitrate reductase enzyme extracted from pureed spinach (Spinacia oleracea).  These studies were conducted to obtain transformation and kinetic data.  

RELATED RESEARCH


Enzymatic processes are the cornerstones of physiological growth and sustainability.  Microorganisms and plants produce natural enzymes that are capable of degrading or transforming anthropogenic compounds that contaminate the environment.  The science of harnessing these natural enzymes and utilizing them for the remediation of contaminants is known as phytoremediation.  This specific treatment method is an attractive alternative to the traditional remediation technologies currently in use.  Enzyme treatments can operate at room temperature and atmospheric pressure in both water and soil, often resulting in complete conversion of the target compound to innocuous byproducts.  Advantages include favorable kinetics, simplicity of operation, high reactivity per unit weight of enzyme, low requirements for special equipment, low operating cost, ease of implementation, and transportability.  One such enzyme identified for reduction of nitroaromatic and nitroamine explosives is nitroreductase (Rieble et al. 1994, Shah and Spain 1996, Shah and Campbell 1997, Goheen et al. 2000, Kitts et al. 2000, and Hannink et al. 2001).  The nitroreductase enzyme has been isolated in several plant species, reportedly capable of reducing just about any nitro group bound to any aromatic ring to an amine (Trombly, 1995).  Nitroreductases capable of reducing various explosive compounds have been isolated from spinach (Spinacia oleracera) (Shah and Spain 1996, Shah and Campbell 1997).  These nitroreductases are Type II oxygen-sensitive enzymes (Shah and Spain 1996) and are capable of nitro group reduction only in anaerobic environments (Kitts et al. 2000).  However, according to Kitts et al. (2000), little is known in regards to nitroreductase’s ability to reduce nitrosamine nitro groups.  Assimilatory nitrate reductases also have been identified in plants and appear to play a key role in plant nutrition (Nakagawa et al. 1985).  Richardson and Bonmati (2005a) show that TNT can be transformed in aqueous phase and soil-slurry phase microcosms using a nitrate reductase enzyme extracted from spinach.  The use of nitrate reductase for remediation of TNT and RDX in unsaturated soil microcosms is examined herein.

Most research into enzyme-based treatment of explosives residues has focused on the aqueous phase to quantify the reaction kinetics, pathways, and mechanisms of transformation.  Medina et al. (2000) monitored aqueous phase TNT transformation using whole intact parrotfeather (Myriophyllum aquaticum) and observed a sequential formation and breakdown of daughter products aminodinitrotoluene (ADNT) and diaminonitrotoluene (DANT).  Pseudo-first-order removal rates for TNT increased with increased plant density.  The researchers applied Michaelis-Menten kinetics to model enzyme saturation that occurred with increasing initial TNT concentration.  Using a laboratory blender, Medina et al. (2002) found that pureeing parrotfeather (Myriophyllum aquaticum), mustard greens (Brassica juncea), and spinach (Spinacia oleracera) substantially improved overall transformation of TNT and RDX in aqueous solution.  Medina et al. (2004) showed that filtered extrudates from parrotfeather (Myriophyllum aquaticum) and spinach (Spinacia oleracera) are effective at TNT transformation.  A first-order removal of 50 percent and 90 percent, respectively, was observed after 90 hrs of contact for a 20 mg/L TNT solution.  Concentration variations in observed removal rates were described by Michaelis-Menten kinetics.

Limited work has been conducted on nitroaromatic and nitrosamine residues in soils.  Several studies have examined uptake and translocation of TNT and RDX by potted plants.  For example, Mueller et al. (1993) observed this uptake in jimson weed (Datura innoxia) and wild tomato (Lycopersicon peruvianum) grown in sandy soil at levels up to 1000 mg/kg TNT.  The roots contained TNT and metabolites at concentrations up to ten times the levels in the soil.  Chekol and Vough (2000) also reported high levels of transformation in TNT contaminated soil (100 mg/kg) planted with switchgrass (Panicum variegatum L.).  High soil enzyme activity correlated with higher levels of TNT transformation.  Medina et al. (2002) employed a bench-scale phyto-slurry soil reactor design of soil and pureed plants and observed a first-order removal rate for RDX about an order of magnitude slower than the liquid phase experiments.

With the remediation enzyme identified, the explosives examined in the research were chosen using the criteria of occurrence frequency and need for remediation data.  Due to the explosives having such unique attributes when compared to one another, the science of characterizing RDX for degradation through phytoremediation has lagged behind TNT.  Pennington et al. (1999) reported the fate and transport of RDX in soil and groundwater is distinctly different from TNT, while Harvey et al. (1991) observed the same difference for the fate of the two explosives in plants.  In fact, McCutcheon et al. (2003) note that RDX has a distinguishably different structure and is an order of magnitude slower in uptake and transformation by plants than nitroaromatic compounds.  Work by Carter (1996) indicated that RDX can appear non-reactive in aquatic plant systems with low plant densities and short reaction times (McCutcheon et al. 2003).  Separate experiments performed by Larson et al. (1999) and Thompson et al. (1998) using RDX contaminated water failed to observe RDX accumulation in aquatic plants.  McCutcheon et al. (2003) site this kinetic phenomenon as a design limitation when using phytoremediation to treat RDX or a mixture of explosives in contaminated media.

The soil-water partitioning coefficient, Kd, may be a factor for enzymatic treatment of explosives in soil.  TNT has a Kd of 6.38 L/kg; however, the Kd of its transformation products increases drastically with substitution of the -NO2 group by an -NH2 group (Halasz et al. 2002), as occurs with the sequential reduction of TNT by nitroreductases.  This higher Kd value indicates a higher adsorption to soil, caused by strong interactions between the -NH2 group and the soil humic material.  The partitioning coefficients for RDX in soils range from 0 to 8.4 L/kg, which reflects that it sorbs less to soil than TNT and is associated less frequently with soil organic matter than TNT (Brannon et al. 2002).

Another parameter that may affect enzymatic treatment of soils is the percentage of humic material, or Natural Organic Matter (NOM), present in the soil.  For example, Cattaneo et al. (1997) studied various soils to determine the Kd for TNT in each type.  An increase in clay content, which was interpreted as an increased NOM content, generally resulted in an increase in the partitioning coefficient.  This translates into a less mobile environment for the contaminant.  Additionally, the amount of organic carbon in the soil can greatly affect the extractability of the explosive from the soil during analysis via EPA Method 8330.  Larson et al. (1999) looked at recoveries for spiked compost samples with high levels of organic carbon and showed a substantial reduction in the analyte extractability using Method 8330.  The reduction of extraction efficiency was attributed to the contaminant partitioning between the solvent and the organic components in the soil matrix.  Decreased efficiency in extractability could greatly skew data and results.

Transformation of explosives to their degradation products has been examined in several laboratory studies.  The principal transformation products of TNT include 2-amino-4,6-dinitrotoluene (2ADNT), 4-amino-2,6-dinitrotoluene (4ADNT), 2,4-diamino-6-nitrotoluene (2,4DANT), 2,6-diamino-4-nitrotoluene (2,6DANT), 2,4-dinitrotoluene (2,4DNT), 2,6-dinitrotoluene (2,6DNT), and 2,4,6-triaminotoluene (TAT).  Factors that affect the transformation of TNT include the presence/absence of expandable clays and reducing agents, oxidation/reduction status, pH, organic carbon levels, and cationic exchange capacity (Brannon et al. 2002).  RDX transformation data is, however, limited.  The transformation products of RDX include 1,3-dinitro-5-nitroso-1,3,5 triazacyclohexane (MNX), 1,3-dinitroso-5-nitro-1,3,5 triazacyclohexane (DNX), and 1,3,5-trinitroso-1,3,5 triazacyclohexane (TNX), or mono-, di-, and tri-nitroso products.  Brannon et al. (2002) reported that these transformation products have only been postulated and rarely seen in the few field sites that analyzed for them.  

Thus, data describing the effects of enzyme activity, compound structure, soil type and soil-partitioning characteristics, as well as type and level of soil organic matter, on TNT and RDX transformation kinetics is limited.  Additional research is needed to establish a workable protocol for enzymatic treatment of TNT- and RDX-contaminated soils.

Previous In-House Research:  New Mexico Tech recently concluded a study of TNT degradation using an enzyme extract from Spinacia oleracea.  This research demonstrated that Spinacia oleracea contains high concentrations of nitrate reductase enzyme capable of degrading TNT in aqueous and soil-slurry phase microcosms (Richardson and Bonmati, 2005a).  Aqueous phase microcosms containing 20 mg/L TNT and soil-slurry microcosms containing 1 g of a characterized sandy loam soil contaminated with 2500 mg/kg TNT and 1000 mg/kg RDX were dosed with fixed aliquots of extract and analyzed for TNT degradation over time.  A rectangular hyperbola function normalized for enzyme activity was used to model the observed pseudo-first-order kinetic data based on enzyme saturation, similar to a Michaelis-Menten relationship.  Pseudo-first-order rate constants for the aqueous phase and soil-slurry phase experiments were fit to this model.  The maximum rate of reaction for TNT degradation was 0.502 hr-1 and 0.036 hr-1 for aqueous phase and soil-slurry phase experiments, respectively, while respective half-saturation constants were comparable in value at 0.629 and 0.275 U/(mol -NO2, respectively.  A Hanes-Woolf plot of reaction velocity versus TNT concentration with and without the present of soil, however, suggested an uncompetitive inhibition mechanism may affect overall nitrate reductase efficacy.  Temperature effects for both aqueous phase and soil-slurry phase microcosms followed the Arrhenius relationship.  Estimated activation energies were 54.7 and 26.1 kJ/mol, respectively, over a range of 5 to 30 oC.  The former result was consistent with the activation energy of 62.2 kJ/mole observed by Medina et al. (2000) for parrotfeather and aqueous phase TNT degradation between 2 and 34 oC.

Preliminary unsaturated soil microcosm studies have also been conducted at New Mexico Tech (Richardson and Bonmati, 2005b) under a seed grant from WERC.  The microcosms contained 250 g of the test soil and were dosed with fixed aliquots of enzyme extract every third day over a period of 30 days. Moisture conditions within each microcosm were monitored daily using Watermark( granular matrix sensors.  TNT degradation again followed pseudo-first-order kinetics and exhibited an enzyme saturation effect.  Although TNT mass to enzyme loading in the soil microcosms was high and kinetics generally slow over the 30 days of study, overall removal of TNT ranged from 63.7 to 77.1%.  A maximum reaction rate of 0.08 d-1 and a half-saturation constant of 4.3 U/g of soil or 0.0045 U/(mol -NO2 groups were estimated for the present experiments.  Normalized transformation data expressed in terms of mass of TNT removed per day per total mass of spinach applied ((g/d/g) suggests that better efficiency may be realized at lower applied dosing of enzyme over a longer remediation period.  Additionally, a longer period in between enzyme application may also be beneficial to improve overall effectiveness of a field protocol.  Enzyme dosing and frequency of dosing appear to be critical factors in establishing an effective field protocol for remediation. Moisture level may also influence the overall effectiveness of the nitrate reductase enzyme in an unsaturated soil.     
KINETIC MODEL

Previous research has shown that the rate of TNT transformation in unsaturated microcosms using nitrate reductase enzyme extracted from Spinacia oleracea may be approximated by the following expressions:

r = -dC/dt = kAAC = kC



(1)

where t, C, A, and kA are reaction time, concentration (mg/L), enzyme activity (U/L or (mol/min/L), and second-order rate constant with respect to enzyme activity (hr-1/U/L), respectively (Richardson and Bonmati, 2005a).  Assuming enzyme activity is in excess yields a pseudo-first-order reaction result with k being an overall rate constant.  A rectangular hyperbolic function may be used to describe the dependence of k on an applied nitrate reductase enzyme activity:

k = kmax {1/(Ksat + A)}                                                 (2)

where kmax is the maximum rate constant under excess enzyme activity at a given TNT concentration, and Ksat is the half-saturation constant.  For unsaturated soil microcosms, A may be expressed in terms of total activity applied per mass of soil (U/g).  Equations 1 and 2 represent the proposed kinetic model for the work described herein. 

MATERIALS AND METHODS


Contaminated soil weighing 250 g was mixed together with a crude nitrate reductase enzyme derived from Spinacia oleracea to form an unsaturated soil microcosm.  Wide-mouthed Nalgene HDPE fluorinated bottles (250 mL) served as the microcosms and were modified to accommodate an open-to-atmosphere top, bottom geotextile drainage layer, and center moisture sensor, similar to the design used by Gunnison et al. (1996).  Crude enzyme was applied to the soil by thoroughly mixing it on the initial application day and then every third day over a fixed period of observation of 15 or 30 days.  During each application, the soil was removed from the microcosm and thoroughly mixed, samples were taken for analysis, new enzyme was applied and thoroughly mixed, and the remaining soil repacked into the Nalgene bottle around the moisture sensor.  These procedures were conducted in a constant temperature room at 20 οC.  The mixing of the soil following an application of the enzyme was intended to mimic the land-farming practice of soil tilling after addition of amendments.


Liquid Chromatography was used as the detection method for TNT and RDX (USEPA, 1994).  Activity of the crude enzyme was also measured simultaneously with each application.  Changes in moisture tension, as a result of soil drying, were monitored daily.  Transformation over time was evaluated at an incubation temperature of 20 οC as a function of enzyme activity and/or applied spinach loading.  Dimensionless concentration plots of TNT or RDX transformation versus time were evaluated with respect to the proposed kinetic model.  Rate constants were examined for trends with respect to enzyme activity.  Overall TNT or RDX transformation was characterized with respect to percentage removal (%), average daily rate (mg/d), and normalized average daily rate with respect to applied spinach mass (mg/g/d) or applied enzyme activity (mg/d/U).


Spinach was purchased fresh from a local supermarket as needed and prepared on the same day as the experiment.  Whole leaves and stems were thoroughly washed with tap water, followed by separate rinses of 15 % hypochlorite solution and deionized water.  The leaves were placed between paper towels to remove excess water.  Stems and ribs were then removed and the leafy material cut with scissors into pieces 2 cm or less.  A given mass of prepared spinach was homogenized for 2 min at 18,000 rpm in a Waring laboratory blender containing measured amount of pre-chilled, buffered protease inhibitor cocktail (0 to 4 οC).  The extraction cocktail, similar to the recipe used by Nakagawa et al. (1985), consisted of 1 mM phenylmethylsulfonyl, 5% isopropyl alcohol, 1 mM EDTA, 0.1 mM dithiothreitol, and 0.1 M potassium phosphate buffer (pH 7.5).  The spinach homogenate was squeezed through cheesecloth and the residual filtrate centrifuged for 15 min at 10,000 g, while being refrigerated between 0 and 4 οC.  The resultant supernatant or crude enzyme was stored at 4 οC until needed and herein is expressed as a concentration of spinach in g per 100 mL.  


Nitrate reductase activity (μmol -NO2/min or U/min) of the crude enzyme was quantified concurrent to each experiment by the method of Harley (1993).  An enzyme assay was prepared consisting of 0.1 M potassium phosphate buffer, 5% isopropyl alcohol, 10 mM potassium nitrate, and 200 μM ( nicotinamide adenine dinucleotide ((-NADH).  Combining 5 mL of crude enzyme and 5 mL of enzyme assay together and allowing contact for 15 min at 20 οC initiated the activity reaction.  Adding 5 mL of 2.5 N HCL containing 58.1 mM sulfanilamide followed by 5mL of 0.77 mM N-1-naphthylethylenediamine dihydrochloride stopped the reaction.  Absorbance of the resultant red color was measured after 10 min at 540 nm and the amount of nitrite formed was determined from a standard curve.  The latter was developed from a serial dilution of a 10 mM potassium nitrite stock solution using the same color developer reagents and a 10 min reaction time.  Absorption spectra were taken with a Spectronic 20® Genysis™ spectrophotometer with 10 mm path length using near-UV glass cuvettes.


A 1000 mg/L stock solution of RDX in methanol and acetone (50:50) and a 1000 mg/L stock solution of TNT in methanol were prepared from analytical grade reagents by Sandia National Laboratories.  The soil used for unsaturated sandy loam soil microcosm experiments was also obtained from Sandia National Laboratories and contained either TNT or RDX at approximately 1000 μg/g.  The soil used for the unsaturated silty clay loam soil microcosm experiments was obtained from Milan Army Ammunition Plant in Milan, Tennessee and doped by Sandia National Laboratories at approximately 1900 μg/g of TNT or 2000 μg/g of RDX.  Crystal TNT and RDX were added to each soil and the soil rolled in a rock tumbler for 8 hrs for homogenization.  Afterwards the soil was heated at 150 oC for 4 hrs, and then rolled for an additional 20 hrs as the soil cooled.  Pertinent soil properties provided by Sandia National Laboratories for the Sandia soil were sand 70.4 %, silt 21.2 %, clay 8.3 %, organic carbon 0.8 %, cationic exchange capacity of 10.7 mg/g, and a surface area 23.0 m2/g.  The Tennessee soil is classified as a silty clay loam with estimated soil fractions at 60 % loam, 20 % silt, and 20 % clay according to the Gibson County, Tennessee soil survey data.  A cationic exchange capacity of 14.9 mg/g was obtained based on a standard method for acid soils and atomic adsorption (Page et al. 1982) using a Varian Spectra AA 100 spectrometer. A surface area of 27.9 m2/g was determined using a Quatachrome® NOVA 2200e Surface Area and Pore Size Analyzer.  Loss on ignition at 550 oC for 1 hr was 3.9 % and 5 %, respectively, for the Sandia soil and Tennessee soil, indicating a higher organic content for the latter soil.


TNT or RDX transformation in the soil microcosms over time was measured using liquid chromatography/ mass spectrometry (LC/MS) based on EPA Method 8330.  One gram of each soil sample was extracted with 20 mL of methanol and analyzed through a Thermoquest™ Finnigan LCQDuo model LC/MS with a Resler ® Allure C18 5 μm (250 x 4.6 mm) column and a UV 6000LP SpectraSystem Finnigan MAT UV detector.  A solution of 100 % methanol composed the LC/MS mobile phase.  Samples were injected using a 10 μL injection volume and a flowrate of 0.40 mL/min.  A 50 mg/L nitrobenzene internal standard was used with each extracted sample, based on total aliquot volume of 1.0 mL of sample and 200 μL of internal standard.  Standards for TNT and RDX and their transformation byproducts were obtained from AccuStandard and SRI International, respectively. The data output was interpreted using XCALIBUR Revision 1.3 software.  A TNT and RDX calibration curve was developed using an extraction procedure similar to the previously mentioned method for soil sample extraction.  TNT standards of 1, 2, 5, 10, 20, 25, 50, and 100 mg/L and RDX standards of 1, 2, 5, 10, and 20 mg/L were prepared by serial dilution of the respective stock solutions. 


Moisture conditions of the unsaturated microcosms were monitored daily using Watermark™ granular matrix sensors and associated meter (Irrometer Co.).  Such sensors measure water potential and compare favorably with tensionmetric and gravimetric methods of agronomic water management (Eldredge et al. 1993).  The amount of enzyme added initially was based on prior experiments conducted to determine approximate moisture saturation levels for the Sandia and Tennessee soils.  At each subsequent enzyme application an amount to be added was estimated using the antecedent moisture level and a moisture mass balance.  Moisture levels for each soil microcosm, including the control, were plotted to observe drying trends between applications of enzyme.  


Reagents used in the microcosm experiments were analyzed with Fourier Transform Infared (FTIR) model Thermo Nicolet™ Avator 370 FT-IR and OMNIC 6.1a software in order to characterize and better understand the potential chemical reactions that took place in the soil.
RESULTS AND DISCUSSION


RDX Transformation:  A series of four experiments were conducted using RDX-contaminated soil microcosms, either at full soil doped concentration or reduced soil concentration using a fixed percentage of clean soil addition.  A spinach mass concentration of 25 g/100 mL of cocktail was used to produce the crude enzyme extract.  Three microcosms utilized Sandia soil (full concentration at 15 days and 987 U total applied enzyme activity; one-half concentration at 30 days and 1084 U total applied enzyme activity; and one-tenth concentration at 15 days and 1021 U total applied enzyme activity) and one microcosm used Tennessee soil (one-half concentration at 30 days and 1218 U total applied enzyme activity).  In each case, duplicate 1 g samples were collected and extracted at each third day cycle and the enzyme extract re-applied to the microcosm to just achieve moisture saturation.  No RDX transformation was observed in any microcosm over the respective test period as compared with the control microcosm.  Figures 1 and 2 are typical of the lack of RDX transformation observed in all microcosms tested.  The test period duration of 15 or 30 days may have been insufficient to evaluate any transformation potential due to slow kinetics, or the RDX may simply be recalcitrant and non-reactive to the nitrate reductase enzyme.  Additional testing is needed to ascertain whether or not RDX can be significantly transformed in an unsaturated soil using crude nitrate reductase enzyme.  Reported transformation of RDX compared to TNT transformation is much slower.  Experimentally obtained pseudo-first order rate constants in aqueous phase microcosms range from 0.12 to 50 d-1 for TNT and 0.001 to 12 d-1 for RDX (McCutcheon et al. 2003).  For example, Medina et al. (2002) observed a lower pseudo-first order rate for RDX (0.039 hr-1) as compared to TNT (0.141 hr-1) for pureed spinach in aqueous solutions of 10 mg/L concentration each.  Additionally, RDX removal was about an order of magnitude slower in soil-slurry reactor compared to the aqueous phase.


TNT Transformation:  A series of eight experiments were conducted using TNT-contaminated soil microcosms, at reduced soil concentrations using fixed percentages of clean soil as makeup.  A spinach mass concentration of either 25 g/100 mL or 12.5 g/100 mL of cocktail was used to produce the crude enzyme extract.  Four microcosms utilized Sandia soil (two at one-half concentration for 30 days and 1132 and 970 U total applied enzyme activity, respectively; one at one-half concentration for 15 days and 891 U total applied enzyme activity; and one at one-half concentration at 15 days and 471 U total applied enzyme activity) and four microcosms used Tennessee soil (two at one-half concentration for 30 days and 1162 and 1250 U total applied enzyme activity, respectively; one at one-half concentration for 15 days and 1038 U total applied enzyme activity; and one at one-half concentration at 15 days and 591 U total applied enzyme activity).  Extractions of four samples of the doped Sandia soil and six samples of the doped Tennessee soil indicated a TNT concentration of 1041 μg/g ( 22 μg/g and 2204 μg/g ( 194 μg/g in the full strength soils, respectively.   


Figures 3 and 4 show the transformation data for the Sandia soil microcosms (Runs 5S and 6S) conducted at one-half soil concentration (521 (g/g) for 30 days.  There appears to be some loss of TNT in the control microcosms due to some chemical or biological mechanism.  This trend was not observed in previous experiments conducted with TNT using full soil concentrations (Richardson and Bonmati, 2005b).  Since the clean soil used to lower the starting soil concentration by one-half was only air-dried and not subjected to the high temperature used to dope the original soil, the decrease observed in the control microcosms may be the result of microbial activity.  This cannot, however, be confirmed for the present experiments.  The TNT data for the treated microcosms appear to have a lag period of about six days before significant transformation occurred.  Assuming that microbial activity within the microcosm transformed some TNT and that both microbial and enzymatic activity are operative herein, the overall TNT transformation at the end of 30 days was about 94 % for each treated microcosm.  In addition, looking solely at the 30 days C/Co values for each microcosm as a relative marker of TNT transformation and subtracting out the suspected microbial contribution indicates an approximate enzymatic transformation of 2943 (g/d, 91.1 (g/U, 3.0 (g/d/U, and 50.1 (g/d/g for Run 5S operated at a soil concentration of 520 (g/g and an average moisture tension of 26.2 kPa, and 2476 (g/d, 65.6 (g/U, 2.2 (g/d/U, and 38.8 (g/d/g for Run 6S operated at a soil concentration of 520 (g/g and an average moisture tension of 19.4.  The latter microcosm was overall wetter during the 30 days test duration than the former microcosm.  This microcosm also showed a greater decrease in the control microcosm C/Co values with time, lending some circumstantial evidence of higher microbial activity for the wetter microcosm.  In terms of relative percentages, it appears that TNT transformation was approximately 26 % and 37 % microbial or unknown, 68 % and 57 % enzymatic, and 6 % and 6 % untransformed at the end of 30 days for Run 5S and Run 6S, respectively.  Table 1 summarizes the transformation data for all TNT experiments.  A moisture tension profile for Run 5S is given in Figure 5.  The average moisture tension reported above was estimated using an average of all recorded daily values over the run duration.  The saw-tooth cyclic pattern displayed in Figure 5 was typical of all runs; however, the average moisture tension among runs varied.


Figure 6 shows the data from day 9 to day 30 for Run 5S.  An exponential decay in both the control and treated microcosms is evident.  These trends were used to estimate an approximate kinetic rate over the latter time frame of 24 days.  The treated microcosm C/Co values were corrected for enzymatic transformation by accounting for the suspected microbial transformation of the control microcosm C/Co values.  The resultant derived data exhibited an exponential trend.  A linear regression of this data provided an estimate of the pseudo-first order rate constant.  The same technique was applied to the data from Run 6S.  This crude, but workable, methodology gave rate constant estimates of 0.086 and 0.090 d-1, respectively, for Run 5S and Run 6S.  These estimates compare favorably with the rate constant of 0.054 reported by Richardson and Bonmati (2005b) for a TNT soil concentration of 2720 (g/g at 20.6 kPa average moisture tension over a period of 15 days duration at comparable applied enzyme activity per application cycle.  No decrease in the control microcosm C/Co values were observed in the aforementioned experiments as only doped soil was used in each microcosm and no clean soil was used to lower initial soil concentration.

Run 6S was a wetter microcosm and exhibited a slightly higher rate constant compared to Run 5S.  This is in contrast with Sandia soil data by Richardson and Bonmati (2005b), wherein a higher kinetic rate was observed over 15 days for a drier microcosm versus a wetter microcosm operated at comparable conditions other than moisture content (0.028 d-1 at 12.2 kPa versus 0.054 d-1 at 20.6 kPa).  Assuming that nitrate reductase is a Type II oxygen-sensitive enzyme as is nitroreductase from spinach (Shah and Spain, 1996), a wetter microcosm would theoretically provide greater resistance to mass transfer of oxygen across the open-to-atmosphere microcosm top and, therefore, result is conditions that favor greater efficacy of TNT transformation.  In addition, TNT desorption kinetics may be influenced by the wetting and drying cycle and moisture tension pattern between enzyme applications.  Additional research into this moisture effect is needed to establish a proper field protocol.       


Figure 7 shows the transformation data for Run 8S conducted at one-quarter soil concentration (260 (g/g) and 25 g/100 mL spinach mass concentration.  An overall decrease in relative concentration is noted for the control microcosm over the test duration and there appears to be a slight lag in the early data for the treated microcosm.  The treated microcosm does, however, display an exponential trend for the latter 9 days of monitoring.  Assuming that both microbial and enzymatic activity are again operative, the overall TNT transformation is about 78 % at the end of 15 days.  In addition, looking at the 15 days C/Co values for each microcosm and subtracting out the suspected microbial contribution indicates an approximate enzymatic transformation of 2372 (g/d, 39.9 (g/U, 2.7 (g/d/U, and 52.7 (g/d/g for Run 8S operated at a soil concentration of 260 (g/g.  Average moisture tension was 12.7 kPa.  In terms of relative percentages, it appears that TNT transformation was 24 % microbial or unknown, 54 % enzymatic, and 22 % untransformed at the end of 15 days for Run 8S.  Using the methodology described above, a kinetic rate constant was estimated to be 0.096 d-1.  Run 8S was wetter than Run 6S and exhibited a slightly greater rate constant than Run 6S.  Again, moisture level or conversely oxygen mass transfer limitation within the microcosm may affect the transformation kinetics in unsaturated soil microcosms.

Figure 8 shows the data for Run 9S conducted at one-quarter soil concentration (260 (g/g) and 12.5 g/100 mL mass spinach concentration. The data collected on day 3 was omitted as all measured TNT concentrations in the control and treated samples were considerably higher that the day 0 values.  No explanation can be given for this anomaly.  TNT transformation was expected to be lower than Run 8S due to the reduced applied enzyme activity (one-half strength).  Overall TNT transformation was about 64 % at the end of 15 days compared to 78 % for Run 8S.  Using the 15 days C/Co values for each microcosm and again subtracting out the suspected microbial contribution indicates an approximate enzymatic transformation of 930 (g/d, 29.6 (g/U, 2.0 (g/d/U, and 46.5 (g/d/g for Run 9S operated at a soil concentration of 260 (g/g and an average moisture tension of 22.0 kPa.  In terms of relative percentages, it appears that TNT transformation was 15 % microbial or unknown, 49 % enzymatic, and 36 % untransformed at the end of 15 days for Run 9S.  Using the latter 9 days of transformation data and applying the previous methodology yields a kinetic rate constant estimate of 0.032 d-1.

For Runs 5S, 6S, and 8S, the approximated kinetic rate constant is fairly consistent at around 0.09 d-1 (0.086, 0.090, and 0.096 d-1, respectively) for the an applied enzyme extract made from 25 g/100 mL spinach mass concentration, regardless of initial soil concentration (521 or 260 (g/g).  However, average moisture tension was such that Run 5S was the drier microcosm followed by Run 6S followed by Run 8S.  Comparing Run 9S to Run 8S at one-quarter soil concentration (260 (g/g at 12.5 g/100 mL versus 25 g/100 mL and 471 U versus 891 U, respectively), the kinetic rate constant estimate is much lower and overall transformation reduced for a lower strength enzyme extract.  In addition, the average moisture tension indicates that Run 9S was considerably drier overall than Run 8S.  This trend in lower kinetic rate with lower initial enzyme strength was reported by Richardson and Bonmati (2005b) in similar 250 g unsaturated soil microcosms.  Observed rates were 0.054, 0.031, and 0.024 d-1 for microcosms treated with enzyme extracts derived from 25, 15, and 5 g/100 mL mass spinach concentrations, respectively, for average moisture tensions of 20.6, 20.0, and 20.4 kPa, respectively.  The higher rate constant for Run 8S compared with Run 9S may be the result of both higher initial enzyme strength and favorable conditions of oxygen mass transfer limitation as a result of wetter operating conditions.  The latter statement is simply speculation.  The data by Richardson and Bonmati (2005b) followed the saturation type kinetic model (Eqs. 1 and 2), yielding a maximum rate of reaction of 0.08 d-1 and a half-saturation of 4.3 U/g of soil.  However, it is not possible to evaluate the applicability of saturation type kinetic model herein with only two rate constant data (Runs 8S and 9S), wherein the initial spinach mass used for the crude extract was varied, but the average moisture tension was considerably different.   

Figures 9 and 10 show the TNT transformation for Runs 5T and 6T, respectively, using the Tennessee soil conducted at one-half soil concentration (1102 (g/g) for 30 days.  Immediately obvious is the lack of TNT transformation over the first half of study.  There appears to be some loss of TNT in the control microcosms towards the end of the 30 days duration.  Additionally, some enzymatic transformation is evident from 15 days to 30 days.  Assuming that both microbial and enzymatic activity are operative herein, the overall TNT transformation at the end of 30 days was about 72 % and 68 % for Run 5T and 6T, respectively.  In addition, looking solely at the 30 days C/Co values for each microcosm and subtracting out the suspected microbial contribution indicates an approximate enzymatic transformation of 2852 (g/d, 73.6 (g/U, 2.5 (g/d/U, and 40.4 (g/d/g for Run 5T operated at a soil concentration of 1102 (g/g and an average moisture tension of 29.9 kPa, and 1685 (g/d, 40.4 (g/U, 1.3 (g/d/U, and 24.1 (g/d/g for Run 6T operated at a soil concentration of 1102 (g/g and an average moisture tension of 34.4.  The average moisture tension values observed for these two Tennessee soil microcosms indicate an overall drier environment than the previous Sandia soil microcosms (Runs 5S and 6S).  The silty clay loam soil dried out more readily under comparable incubation at 20 oC than the sandy loam soil.  A drier microcosm may inhibit overall nitrate reductase efficacy as previously stated.  Estimating relative percentages, it appears that TNT transformation was approximately 41 % and 50 % microbial or unknown, 31 % and 18 % enzymatic, and 28 % and 32 % untransformed at the end of 30 days for Run 5T and Run 6T, respectively.

Figure 11 shows the data from day 15 to day 30 for Run 5T.  An exponential decay in both the control and treated microcosms is somewhat evident.  These trends were used to estimate an approximate kinetic rate over the latter time frame of 15 days.  The treated microcosm C/Co values were again corrected for enzymatic transformation by accounting for the suspected microbial transformation of the control microcosm C/Co values.  The resultant derived data exhibited an exponential trend and a linear regression provided an estimate of the pseudo-first order rate constant.  The same technique was applied to the data from Run 6T.  This methodology gave rate constant estimates of 0.043 and 0.034 d-1, respectively, for Run 5T and Run 6T.

Looking at the data in Table 1, it appears that transformation efficacy as measured by the metrics (g/U and (g/d/U are overall lower for the Tennessee soil (Runs 5T and 6T) as contrasted with the Sandia soil (Runs 5S and 6S).  In addition, the estimate of the kinetic rate is much lower for the former soil.  The average moisture tension in the Tennessee soil was higher overall during testing, indicating a drier microcosm.  Lower transformation efficiency in the Tennessee soil versus the Sandia soil may also be the result of differences in the soil matrix between a sandy loam and a silty clay loam.  For example, the Tennessee soil has a higher clay fraction and organic content, producing a stronger soil-partitioning of the TNT to the soil matrix than the Sandia soil.  This would be consistent with observations by Cattaneo et al. (1997).  Such partitioning may limit the effectiveness of the nitrate reductase enzyme to transform TNT in high clay and organic rich soils.

Figure 12 shows the transformation data for Run 8T conducted at one-quarter soil concentration (551 (g/g) and 25 g/100 mL spinach mass concentration over 15 days.  A slight downward trend in C/Co may be hypothesized over the short test period; however, there is no obvious difference between the control microcosm and treated microcosm.  Average moisture tension in Run 8T was 17.6 kPa.  Run 9T (not shown) did not show any discernible TNT transformation over 15 days based on the same initial soil concentration (551 (g/g) and half-strength enzyme extract (12.5 g/100 mL spinach mass concentration).  Average moisture tension for this microcosm was 23.0 kPa.  The lack of TNT transformation for Runs 8T and 9T stands in stark contrast with Runs 8S and 9S, wherein some TNT transformation was observed and estimated.  For example, Runs 9S and 9T were conducted side-by-side and had comparable moisture conditions (22.0 versus 23.0 kPa, respectively.  Additionally, Run 9S had a slightly lower total applied enzyme activity overall than Run 9T (471 versus 591 U, respectively).  This provides some indirect evidence of a soil matrix effect.

Figures 13 and 14 show chromatographs for Run 8S at day 0 and day 15, respectively.  The TNT peak is substantially reduced after application of 5 cycles of the crude enzyme extract.  The peak for the internal standard nitrobenzene was consistent throughout the test duration and served as a marker for LC analysis.  Absent from Figure 14 are any peaks for the byproducts of sequential reduction of TNT by the nitrate reductase enzyme.  Standards were obtained and analyzed prior to the microcosm experiments in order to determine the chromatographic signature of TNT transformation byproducts so that they could be identified and quantified during testing.  None were observed and the lack of transformation peaks was consistent for all TNT runs.  In contrast, sequential formation and breakdown of daughter products aminodinitrotoluene (ADNT) and diaminonitrotoluene (DANT) have been observed for aqueous phase TNT transformation using parrotfeather (Myriophyllum aquaticum) (Medina et al. 2000).  This latter study, however, was of short duration (50 hrs) and used whole intact plants.  The long duration used herein for these unsaturated microcosms and the amount of enzyme applied may have been sufficient to provide for complete transformation.  Additional microbial activity may have been a factor in eliminating the sequential reduction byproducts.  No other explanation can be given for this observation of no transformation by-product peaks.

Fourier Transform Infrared Spectroscopy Characterization:  Characterization of the solutions for this study were completed with Fourier Transform Infrared Spectroscopy with Attenuated Total Reflectance (FTIR-ATF) attachment as shown below (all samples have methanol as the solvent):

1. Phenylmethylsulfonyl fluoride (PMSF) prepared in methanol

2. PMSF in its reduction solution (protease inhibitor) prepared in methanol

3. Spinach extract plus the PMSF in its reduction solution prepared in methanol 

4. Assay medium prepared in methanol

5. Assay medium with PMSF in its reduction solution plus extract prepared in methanol 

Figure 15 shows the spectrum of methanol overlain with the spectrum of PMSF dissolved in methanol.  The PMSF spectrum shows a strong methanol absorbance at 1027 cm-1 that is visible in the methanol spectrum at 1023 cm-1.  It is assumed that the methanol absorbance falls within a range in response to the molecule’s environment in a particular sample.  That range is from 1023 to 1046 cm-1 as will be noted below.  The methanol spectrum is essentially comprised of six absorbances with two in the carbon-hydrogen range at 2827 and 2940 cm-1, a broad absorbance centered at 3322 cm-1, and three additional absorbances in the fingerprint region at 1450, 1119, and 1026 cm-1 for the methanol diagnostic absorbance.

Additional absorbances are visible in the PMSF spectrum.  The high number of absorbances indicates the flexibility (ability to rotate and stretch) of the PMSF molecule.  PMSF is a white crystalline powder that was dissolved in methanol for this work.  The presence of a methanol absorbance in the PMSF spectrum (only slightly offset from the one present in the methanol-only spectrum) shows that the methanol molecules remain intact in the presence of PMSF indicating the lack of any reaction with PMSF except solvation.  This is in stark contrast to the spectra examined below.

Figure 16 contains the spectra of methanol overlain with that of PMSF in its reduction solution (labeled as protease inhibitor in the figure).  PMSF in reduction solution contains PMSF, isopropanol, ethylenediaminetetraacidic acid (EDTA), dithiotreitol, and methanol.  Offset from the original methanol spectrum absorbance at 1027 cm-1, an absorbance in the PMSF in reduction solution spectrum at 1045 cm-1 is attributed to intact methanol molecules.  However, in addition to the absorbances expected for the presence of methanol, there are numerous absorbances attributed to the PMSF in reduction solution.  Notable among these is a strong, sharp peak at 1591 cm-1 not present in the spectrum of PMSF alone.  Other absorbances not present in the spectrum of PMSF alone are those at 1590 cm-1, 1410 cm-1, 1327 cm-1.  These absorbances are attributed to the presence of the non-PMSF contents of the reduction solution.  Further, a strong absorbance at 1448 cm-1 in the PMSF-only spectrum is not present in the PMSF in reduction solution spectrum.

Figure 17 shows the spectrum of methanol overlain with the spectrum of PMSF in its reduction solution to which spinach extract was added.  The mixture was filtered and analyzed with the FTIR-ATR.  The absorbance at 1591 cm-1 in the PMSF in reduction solution (PMSFRS) spectrum is shifted to 1632 cm-1 in the spectrum of PMSFRS with spinach.  The methanol absorbance at 1045 cm-1 in PMSFRS is reduced to a small, broad absorbance centered at 1100 cm-1 in PMSFRS with spinach.  A new absorbance at 793 cm-1 appears in the spectrum of PMSFRS with spinach that is not apparent in the PMSFRS spectrum.  This absorbance is attributed to the presence of an interaction between the PMSFRS and the spinach, a not-unlikely occurrence in the presence of the PMSFRS solution that contains EDTA as a useful chelator.

A strong, sharp absorbance in the PMSFRS spectrum at 1410 cm-1 is greatly reduced in the spectrum of PMSFRS with spinach, but appears at about 1394 cm-1 as part of a set of small irregular absorbances close to the baseline.  Overall, the number of absorbances in the spectrum of PMSFRS with spinach is far less than for the PMSFRS spectrum without spinach.  This indicates a reaction between PMSFRS and spinach with decreased flexibility for the molecules in the PMSFRS with spinach solution.  Further, it is possible that sites available for coordination on the molecules of the PMSFRS with spinach solution are so reduced in number that interactions with RDX become unlikely in real time.

Figure 18 shows the spectrum of the Assay medium in methanol with the methanol spectrum overlain on the Assay medium spectrum.  The Assay medium contains a potassium phosphate buffer, isopropanol, potassium nitrate, the co-enzyme nicotinamide adenine dinucleotide ((-NADH), and methanol.  Few absorbances are noted for the Assay medium in contrast to the spectrum of PMSF in methanol.  The methanol absorbance at 1026 cm-1 in the methanol spectrum is notably absent from the Assay medium spectrum, but a large, broad absorbance centered at 3367 cm-1 is consistent with the presence of –OH groups and C-H groups.  A sharp absorbance at 1638 cm-1 is present in the Assay medium, but not in the methanol spectrum and a small absorbance in the methanol spectrum at 1450 cm-1 is not present in the spectrum of the Assay medium.  The lack of absorbances in the Assay medium spectrum points toward a reaction among the components (most likely one between the Assay medium and the methanol) that adds such rigidity to the molecules that few absorbances are possible, unlike the absorbances possible in PMSF.  Additionally, the absorbance at 1638 cm-1 in the Assay medium spectrum is again visible in the final solution of spinach plus PMSFRS plus Assay medium as is noted.

Figure 19 shows the spectrum of a mixture of the PMSFRS with spinach and the Assay medium in methanol with the methanol spectrum overlain on the mixture.  There is no methanol peak in the range from 1023-1046 cm-1 observable in the mixture.  However, a new absorbance at 1642 cm-1 is most likely the 1638 cm-1 absorbance seen in the spectrum of the Assay medium.  Few absorbances are noted in the mixture spectrum with only a broad peak centered at 3300 cm-1 and a small absorbance attributed to methanol at 1128 cm-1.  The number of absorbances has been reduced by the addition of the Assay medium and the spinach material so that only these three absorbances are noted.  The mixture of PMSFRS with spinach and the Assay medium are added to soil containing RDX to degrade that energetic material.  However, with only three IR active absorbances (no Raman spectra were obtained), it is unlikely that a functional reaction with RDX is likely based on the idea that the more absorbances present, the more molecular flexibility and ability to complex or react are present.  This is in sharp contrast to the observed reactivity of the mixture with TNT (Richardson and Bonmati, 2005a).  RDX (a triazine) is structurally different than TNT (a nitroaromatic).  Data has shown that RDX is an order of magnitude slower in uptake and transformation in plants than nitroaromatic compounds (McCutcheon et al. 2003).  Observations herein suggest that RDX is non-reactive or at least requires a longer reaction time than provided to effect any significant transformation.  The FTIR data points to the reasons for this occurrence.       
Economic Evaluation:  Table 2 provides a cost estimate for remediation of one ha of land contaminated with 2000 (g/g TNT to a depth of 30 cm.  The assumption herein is that an on-site processed crude enzyme extract from commercially available spinach will be applied intermittently to the site over a fixed duration and incorporated into the near-surface horizon similar to a landfarming operation.  No cofactor, such as the (-NADP utilized herein, will be used in preparing the crude enzyme extract.  Such cofactors are, however, important to increase enzyme reactivity, but should be readily available in a soil having natural organic matter (McCutcheon et al. 2003).  The cost estimate in Table 2 is based on the lowest kinetic rate (d-1) and transformation efficacy ((g/U) observed herein.  The amount of enzyme activity available per mass of spinach pureed was taken as 20 U/g based on laboratory data by Richardson and Bonmati (2005a); however, a lower enzyme activity may be realized due to less than efficient on-site field processing of the fresh spinach and the elimination of the (-NADH cofactor.  A four-fold reduction was assumed.  The price of spinach was taken as $0.35 per lb.  The price for fresh market spinach peaked in 2002 at $14 per 30 lb crate or $0.46 per lb; however, based on the past few growing seasons, the price has stabilized at $10 to 11 per 30 lb crate or approximately 0.33 to 0.37 per lb (Pena, 2004).  In addition, approximately 858 million lbs of spinach was produced in the U.S. in 2003 (Pena, 2004).  The analysis herein does not provide for labor cost, equipment operation and maintenance cost for incorporation of the crude enzyme extract into the soil, monitoring and testing for TNT transformation, purchase of make-up water for spinach processing, residue disposal, etc.  A two-fold increase in the cost of spinach was used to allow of transportation, handling, and additional preparation.  It is assumed that the residual spinach solids produced during on-site processing will be incorporated into the soil as well.  This will provide an organic rich substrate to stimulate microbial activity and augment the overall TNT transformation process.  The unit cost for supplying a crude nitrate reductase enzyme was estimated at $21,900 per ha, $3.76 per tonne of soil, $6.88 per m3 of soil, and $1.88 per kg of TNT transformed.  Typical costs for full-scale enhanced bioremediation of soil range from $30 to $100 per m3 (Federal Remediation Technologies Roundtable: Remediation Technologies Screening Matrix and Reference Guide Version 4.0 http://www.frtr.gov/matrix2/section4/4-2.html).  Factors that affect cost include the soil type and chemistry, type and quantity of amendments used, and type and extent of contamination.

CONCLUSIONS

In summary, it appears that TNT transformation is possible in an unsaturated soil environment.  The rate of transformation, however, seems to have some dependency on soil type, as the Sandia soil showed a higher kinetic rate and the Tennessee soil exhibited a considerable lag before exhibiting any substantial TNT transformation.  During the longer 30 days test duration, TNT transformation averaged 94 % for the Sandia soil and 71% for the Tennessee soil under comparable applied enzyme activity.  However, the initial soil concentration for the latter soil was almost double the former soil.  Looking at both soils in general from Table 1, the efficacy of transformation expressed in terms of mass of TNT transformed per unit of enzyme activity were comparable and ranged from a low of 29.6 to a high of 91.1 (g/U.  The normalized rate of transformation given in mass per day per unit of enzyme activity also was similar and varied from 1.3 to 3.0 (g/d/U.  Average moisture tension during remediation may also be a factor in the effectiveness of TNT transformation.

RDX transformation, on the other hand, appears to be non-existent or exceeding slow within the operating constraints of the unsaturated soil microcosms herein relative to TNT transformation.  Total applied enzyme activity to each microcosm per unit of soil (U/g) and per unit of available -NO2 groups (U/(mol) was comparable between the RDX and TNT microcosms.  Structural differences between these two energetic compounds are obvious and may be a key factor for the slow kinetics or lack of transformation observed in this study and other studies.  This recalcitrant-type behavior of RDX would pose a severe design limitation for nitrate reductase treatment of soils contaminated with mixtures of energetic materials, for example TNT and RDX.  Since this pairing has been identified at many contaminated munitions sites, a coupled remediation scheme using additional microbial or chemical technologies may be necessary to achieve acceptable clean-up within a reasonable time frame.

FUTURE STUDIES


Additional research is necessary to confirm that transformation of TNT in unsaturated soil by nitrate reductase enzyme can be described by pseudo-first-order kinetics for constant enzyme activity and that a rectangular hyperbola function similar to Michaelis-Menten kinetics may be used to describe pseudo-first-order rate kinetics with respect to enzyme activity, resulting in determination of a maximum rate of reaction and a half-saturation constant.  The work described herein could not address this aspect of TNT kinetics.  Future studies to delineate the kinetic response of unsaturated soil with respect to enzyme activity is warranted based the general saturation trend observed in the pseudo-first-order rate kinetic data by Richardson and Bonmati (2005b). 

Normalized TNT transformation expressed in terms of mass of TNT removed per unit of applied enzyme activity ((g/d/U) is an effective metric to gauge overall TNT transformation, as well as transformation efficacy measured by the amount of TNT transformed per unit of applied enzyme ((g/U).  Nitrate reductase activity (U/g) in pureed Spinacia oleracea can be quantified easily and accurately by spectrophotometry and applied to TNT transformation studies.  Enzyme dosing and frequency of dosing can be evaluated using these metrics to establish an effective field protocol for remediation.

Moisture level may influence the overall effectiveness of the nitrate reductase enzyme in an unsaturated soil by altering the TNT desorption under wet and dry cycling of enzyme application, or by limiting oxygen mass transfer into the soil under wet conditions.  Research is needed to identify whether or not the nitrate reductase is a Type II oxygen-sensitive enzyme that requires an anoxic or anaerobic environment to effect the TNT transformation.  Drier field conditions favor oxygen mass transfer into the soil surface, which does not support effective TNT transformation.  Soil water potential is easy quantified using granular matrix sensors following application of enzyme extract.  Additional research into the moisture effect is needed to establish this aspect of a workable field protocol.
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Figure 1:  RDX Transformation for Tennessee Soil (Run 7T). 
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Figure 2: RDX Transformation for Sandia Soil (Run 3S). 

Table 1:  Summary of Transformation Data.

	Run
	Soil Co
(g/g
	Spinach Mass

g/100mL
	Test

d
	Average

Moisture

kPa
	Rate

(g/d
	Efficacy

(g/U
	Rate

(g/d/U
	Rate

(g/d/g
	Kinetic

Rate

d-1

	3S RDX
	~1000
	25
	15
	33.3
	neg
	neg
	neg
	neg
	NA

	4S

RDX
	~100
	25
	15
	33.9
	neg
	neg
	neg
	neg
	NA

	7S

RDX
	~500
	25
	30
	17.6
	neg
	neg
	neg
	neg
	NA

	7T

RDX
	~1000
	25
	30
	25.6
	neg
	neg
	neg
	neg
	NA

	5S

TNT
	521
	25
	30
	26.2
	2943
	91.1
	3.0
	50.1
	0.086

	6S

TNT
	521
	25
	30
	19.4
	2476
	65.6
	2.2
	38.8
	0.090

	8S

TNT
	260
	25
	15
	12.7
	2372
	39.9
	2.7
	52.7
	0.096

	9S

TNT
	260
	12.5
	15
	22.0
	930
	29.6
	2.0
	46.5
	0.032

	5T

TNT
	1102
	25
	30
	29.9
	2852
	73.6
	2.5
	40.4
	0.043

	6T

TNT
	1102
	25
	30
	33.4
	1685
	40.4
	1.3
	24.1
	0.034

	8T

TNT
	551
	25
	15
	17.6
	neg
	neg
	neg
	neg
	NA

	9T

TNT
	551
	12.5
	15
	23.0
	neg
	neg
	neg
	neg
	NA
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Figure 3:  TNT Transformation for Sandia Soil (Run 5S).
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Figure 4:  TNT Transformation for Sandia Soil (Run 6S).
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Figure 5:  Moisture Tension Pattern for Run 5S.
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Figure 6:  TNT Transformation for Sandia Soil Over Last 24 days (Run 5S).


[image: image7.wmf]0.0

0.2

0.4

0.6

0.8

1.0

0

3

6

9

12

15

Time (d)

C/C

o

Control

Average


Figure 7:  TNT Transformation for Sandia Soil (Run 8S).
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Figure 8:  TNT Transformation for Sandia Soil (Run 9S).
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Figure 9:  TNT Transformation for Tennessee Soil (Run 5T).
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Figure 10:  TNT Transformation for Tennessee Soil (Run 6T).
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Figure 11:  TNT Transformation for Tennessee Soil Over Last 15 days (Run 5T).
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Figure 12:  TNT Transformation for Tennessee Soil (Run 8T).
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Figure 13:  Chromatograph for Run 8S at Day 0.
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Figure 14: Chromatograph for Run 8S at Day 15.
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Figure 15:  FTIR Spectrum of Methanol and PMSF Dissolved in Methanol.
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Figure 16:  FTIR Spectrum of Methanol and PMSF in Reduction Solution (protease inhibitor) in Methanol.
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Figure 17:  FTIR Spectrum of Methanol and Spinach Plus PMSF in its Reduction Solution with Added Extract Enzyme of Spinach.
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Figure 18:  FTIR Spectrum of Methanol and Assay Medium Prepared in Methanol.
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Figure 19:  FTIR Spectrum of the Mixture of PMSFRS with Spinach and the Assay Medium Prepared in Methanol Overlain with a Methanol Spectrum.

Table 2:  Preliminary Cost Estimate for TNT Remediation.

	Design Parameter
	Unit
	Comment

	Area
	1 ha
	

	Depth
	30 cm
	Assumes near soil contamination

	Soil Density
	1850 kg/m3
	

	TNT concentration
	2000 (g/g
	Total TNT is 11.1 tonnes

	Soil Volume
	3000 m3
	Total soil is 5,550 tonnes

	Enzyme Activity
	20 U/g
	Richardson and Bonmati, 2005a

	Field Enzyme Activity
	5 U/g
	No cofactor used; on-site field processing

	Transformation Efficacy
	29.6 (g/U
	Lowest efficacy observed herein

	Kinetic Rate
	0.032 d-1
	Lowest rate observed herein

	Clean-up Standard
	14 (g/g
	Yorktown Naval Weapons Station

	Time Required
	155 d
	

	Spinach Required
	16.4 tonnes
	

	Spinach Cost
	$0.35/lb
	Pena, 2004

	Cost Factor
	2x
	Transportation, handling, and preparation

	Cost per Unit Area
	$20,900/ha
	

	Cost per Unit of Soil
	$3.76/tonne
	

	Cost per Unit of Soil
	$6.88/m3
	

	Cost per Unit of TNT
	$1.88/kg
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		Sandia TNT Soil								SoilConc		SpinConc		ActApplied		mLapplied		MassSpin
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		(Cycle #5)								SoilConcA				Actapp15		mLapp15		MassSp15

										521				510.36		135		33.75

		SAMPLE A						Concentration from Std

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Curve y=50526x		Ratioed		Day		Time		C/CoC		C/CoA		C/CoB		C/Coave		Ratio		DiffC		Diffave		C/Cocorr

		0 shot1		1649000										0		1		1		1		1		1		0		0		1.00		1		1
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		0 shot3		1629000		1639333		32.45		1		0		6		0.91		1.01		0.92		0.96		1.07		0.09		0.04		1.06		0.95		0.64
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		18 shot2		293000																				3.04

		18 shot3		293000		296000		5.86		0.18		18
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		0 shot2		1640000										3		0.98		1.06		0.89		0.98		1.02		-3.75		0.97

		0 shot3		1629000		1639333		32.45		1		0		6		0.91		1.01		0.92		0.96		1.04		-3.31		0.93

		3 shot1		1756000										9		0.89		0.85		0.75		0.80		1.25		-1.41		0.85

		3 shot2		1752000										12		0.95		0.53		0.73		0.63		1.58		-0.54		0.71

		3 shot3		1718000		1742000		34.48		1.06		3		15		0.99		0.30		0.40		0.35		2.89		0.63		0.52

		6 shot1		1702000										18		0.85		0.18		0.22		0.20		4.93		1.37		0.32

		6 shot2		1646183										21		0.81		0.10		0.26		0.18		5.46		1.50		0.17

		6shot3		1635000		1661061		32.88		1.01		6		24		0.87		0.08		0.10		0.09		10.87		2.29		0.08

		9 shot1		1415000										27		0.80		0.06		0.10		0.08		12.98		2.48		0.04

		9 shot2		1415000										30		0.74		0.04		0.07		0.06		16.93		2.77		0.02

		9 shot3		1368000		1399333		27.70		0.85		9

		12 shot1		864000

		12 shot2		870000

		12 shot3		888000		874000		17.30		0.53		12

		15 shot1		493000

		15 shot2		488000

		15 shot3		480000		487000		9.64		0.30		15

		18 shot1		302000

		18 shot2		293000

		18 shot3		293000		296000		5.86		0.18		18

		21 shot1		125000

		21 shot2		191000

		21 shot3		192000		169333		3.35		0.10		21

		24 shot1		86000

		24 shot2		159000

		24 shot3		158000		134333		2.66		0.08		24

		27 shot1		65000

		27 shot2		108000

		27 shot3		109000		94000		1.86		0.06		27

		30 shot1		32063

		30 shot2		67759

		30 shot3		121086		73636		1.46		0.04		30

		SAMPLE B

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Concentration from Std		Ratioed		Day

		0 shot1		1649000

		0 shot2		1640000

		0 shot3		1629000		1639333		32.45		1		0

		3 shot1		1473000

		3 shot2		1455000

		3 shot3		1456000		1461333		28.92		0.89		3

		6 shot1		1500000

		6 shot2		1495000

		6 shot3		1510000		1501667		29.72		0.92		6

		9 shot1		1247000

		9 shot2		1229000

		9 shot3		1226000		1234000		24.42		0.75		9

		12 shot1		1213000

		12 shot2		1187000

		12 shot3		1187000		1195667		23.66		0.73		12

		15 shot1		646700

		15 shot2		650000

		15 shot3		651000		649233		12.85		0.40		15

		18 shot1		366000

		18 shot2		371000

		18 shot3		369404		368801		7.30		0.22		18

		21 shot1		435569

		21 shot2		432000

		21 shot3		426000		431190		8.53		0.26		21

		24 shot1		168000

		24 shot2		166537

		24 shot3		167000		167179		3.31		0.10		24

		27 shot1		160000

		27 shot2		158260

		27 shot3		157649		158636		3.14		0.10		27

		30 shot1		120661

		30 shot2		120000

		30 shot3		119336		119999		2.37		0.07		30

		SAMPLE C (CONTROL)

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Concentration from Std		Ratioed		Day

		0 shot1		1649000

		0 shot2		1640000

		0 shot3		1629000		1639333		32.45		1		0

		3 shot1		1617000

		3 shot2		1630000

		3 shot3		1591853		1612951		31.92		0.98		3

		6 shot1		1480000

		6 shot2		1498000

		6 shot3		1476000		1484667		29.38		0.91		6

		9 shot1		1477000

		9 shot2		1471000

		9 shot3		1446604		1464868		28.99		0.89		9

		12 shot1		1579000

		12 shot2		1541000

		12 shot3		1551000		1557000		30.82		0.95		12

		15 shot1		1632000

		15 shot2		1615000

		15 shot3		1627000		1624667		32.16		0.99		15

		18 shot1		1378000

		18 shot2		1398845

		18 shot3		1413000		1396615		27.64		0.85		18

		21 shot1		1316878

		21 shot2		1342000

		21 shot3		1324000		1327626		26.28		0.81		21

		24 shot1		1419000

		24 shot2		1413000

		24 shot3		1427000		1419667		28.10		0.87		24

		27 shot1		1304000

		27 shot2		1310000

		27 shot3		1300219		1304740		25.82		0.80		27

		30 shot1		1205000

		30 shot2		1210000

		30 shot3		1212000		1209000		23.93		0.74		30
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last9days

		

		SAMPLE A

		Sample (DAY)		Peak Height		Average Peak Height		Concentration from Std		Ratio		Day		Time		C/CoC		C/CoA		C/CoB		C/Coave

		0 shot1		644000										0		1		1		1		1

		0 shot2		648000										3		0.87		0.83		0.89		0.86

		0 shot3		649000		647000		13		1		0		6		0.92		0.74		0.84		0.79		1.00		1.00		1.00		1.00		0		1.00		1.00

		3 shot1		532000										9		0.84		0.59		0.56		0.58		0.92		0.73		0.97		0.73		3		0.97		0.71

		3 shot2		534000										12		1.02		0.49		0.58		0.53		1.11		0.68		0.94		0.55		6		0.93		0.52

		3 shot3		537000		534333		11		0.83		3		15		0.76		0.16		0.27		0.22		0.83		0.27		0.91		0.43		9		0.90		0.41

		6 shot1		479000

		6 shot2		480000

		6shot3		477000		478667		9		0.74		6

		9 shot1		391000

		9 shot2		380000

		9 shot3		380000		383667		8		0.59		9

		12 shot1		379000

		12 shot2		379000

		12 shot3		377000		315278		6		0.49		12

		15 shot1		100000

		15 shot2		91000

		15 shot3		124000		105000		2		0.16		15

		SAMPLE B

		Sample (DAY)		Peak Height		Average Peak Height		Concentration from Std		Ratioed		Day

		0 shot1		644000

		0 shot2		648000

		0 shot3		649000		647000		13		1		0

		3 shot1		574000

		3 shot2		575000

		3 shot3		575000		574667		11		0.89		3

		6 shot1		543000

		6 shot2		544000

		6 shot3		545000		544000		11		0.84		6

		9 shot1		368000

		9 shot2		358000

		9 shot3		361000		362333		7		0.56		9

		12 shot1		449000

		12 shot2		451000

		12 shot3		451000		375278		7		0.58		12

		15 shot1		180000

		15 shot2		173000

		15 shot3		175000		176000		3		0.27		15

		SAMPLE C (CONTROL)

		Sample (DAY)		Peak Height		Average Peak Height		Concentration from Std		Ratioed		Day

		0 shot1		644000

		0 shot2		648000

		0 shot3		649000		647000		13		1		0

		3 shot1		558000

		3 shot2		563000

		3 shot3		561000		560667		11		0.87		3

		6 shot1		593000

		6 shot2		595000

		6 shot3		593000		593667		12		0.92		6

		9 shot1		544000

		9 shot2		546000

		9 shot3		541000		543667		11		0.84		9

		12 shot1		792000

		12 shot2		792000

		12 shot3		793000		660278		13		1.02		12

		15 shot1		496000

		15 shot2		495000

		15 shot3		492000		494333		10		0.76		15
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		SAMPLE A

		Sample (DAY)		Peak Height		Average Peak Height		Concentration from Std		Ratio		Day		Time		C/CoC		C/CoA		C/CoB		C/Coave		Co/Cave		Lnfunc		C/CoaveC

		0 shot1		644000										0		1		1		1		1		1				1

		0 shot2		648000										3		0.87		0.83		0.89		0.86		1.17		-1.79		0.91

		0 shot3		649000		647000		13		1		0		6		0.92		0.74		0.84		0.79		1.27		-1.33		0.83

		3 shot1		532000										9		0.84		0.59		0.56		0.58		1.73		-0.31		0.70

		3 shot2		534000										12		1.02		0.49		0.58		0.53		1.87		-0.13		0.53

		3 shot3		537000		534333		11		0.83		3		15		0.76		0.16		0.27		0.22		4.60		1.28		0.36

		6 shot1		479000

		6 shot2		480000

		6shot3		477000		478667		9		0.74		6

		9 shot1		391000

		9 shot2		380000

		9 shot3		380000		383667		8		0.59		9

		12 shot1		379000

		12 shot2		379000

		12 shot3		377000		315278		6		0.49		12

		15 shot1		100000

		15 shot2		91000

		15 shot3		124000		105000		2		0.16		15

		SAMPLE B

		Sample (DAY)		Peak Height		Average Peak Height		Concentration from Std		Ratioed		Day

		0 shot1		644000

		0 shot2		648000

		0 shot3		649000		647000		13		1		0

		3 shot1		574000

		3 shot2		575000

		3 shot3		575000		574667		11		0.89		3

		6 shot1		543000

		6 shot2		544000

		6 shot3		545000		544000		11		0.84		6

		9 shot1		368000

		9 shot2		358000

		9 shot3		361000		362333		7		0.56		9

		12 shot1		449000

		12 shot2		451000

		12 shot3		451000		375278		7		0.58		12

		15 shot1		180000

		15 shot2		173000

		15 shot3		175000		176000		3		0.27		15

		SAMPLE C (CONTROL)

		Sample (DAY)		Peak Height		Average Peak Height		Concentration from Std		Ratioed		Day

		0 shot1		644000

		0 shot2		648000

		0 shot3		649000		647000		13		1		0

		3 shot1		558000

		3 shot2		563000

		3 shot3		561000		560667		11		0.87		3

		6 shot1		593000

		6 shot2		595000

		6 shot3		593000		593667		12		0.92		6

		9 shot1		544000

		9 shot2		546000

		9 shot3		541000		543667		11		0.84		9

		12 shot1		792000

		12 shot2		792000

		12 shot3		793000		660278		13		1.02		12

		15 shot1		496000

		15 shot2		495000

		15 shot3		492000		494333		10		0.76		15





		Quarter Conc TNT Sandia				(Cycle #8)				SoilConc		SpinConc		ActApplied		mLapplied		MassSpin

		Dec-04								1041		25		891.17		180		45

										SoilConcA

										260

		SAMPLE A

		Sample (DAY)		Peak Height		Average Peak Height		Concentration from Std		Ratio		Day		Time		C/CoC		C/CoA		C/CoB		C/Coave		Ratio		DiffC		Diffave		C/Cocorr

		0 shot1		644000										0		1		1		1		1		1		0		0		1.00		1		1

		0 shot2		648000										3		0.87		0.83		0.89		0.86		0.99		0.13		0.14		0.99		0.96		0.84

		0 shot3		649000		647000		13		1		0		6		0.92		0.74		0.84		0.79		0.86		0.08		0.21		0.87		0.93		0.71

		3 shot1		532000										9		0.84		0.59		0.56		0.58		0.69		0.16		0.42		0.74		0.89		0.62

		3 shot2		534000										12		1.02		0.49		0.58		0.53		0.52		-0.02		0.47		0.51		0.86		0.55

		3 shot3		537000		534333		11		0.83		3		15		0.76		0.16		0.27		0.22		0.28		0.24		0.78		0.45		0.83		0.50

		6 shot1		479000

		6 shot2		480000												ugRemC						ugRemE		ugRemNet		ug/U

		6shot3		477000		478667		9		0.74		6				15352						50934		35582		39.93

		9 shot1		391000

		9 shot2		380000																				ug/day

		9 shot3		380000		383667		8		0.59		9												2372

		12 shot1		379000

		12 shot2		379000																				ug/d/U

		12 shot3		377000		315278		6		0.49		12												2.66

		15 shot1		100000

		15 shot2		91000																				ug/d/gm

		15 shot3		124000		105000		2		0.16		15												52.71

		SAMPLE B

		Sample (DAY)		Peak Height		Average Peak Height		Concentration from Std		Ratioed		Day

		0 shot1		644000

		0 shot2		648000

		0 shot3		649000		647000		13		1		0

		3 shot1		574000

		3 shot2		575000

		3 shot3		575000		574667		11		0.89		3

		6 shot1		543000

		6 shot2		544000

		6 shot3		545000		544000		11		0.84		6

		9 shot1		368000

		9 shot2		358000

		9 shot3		361000		362333		7		0.56		9

		12 shot1		449000

		12 shot2		451000

		12 shot3		451000		375278		7		0.58		12

		15 shot1		180000

		15 shot2		173000

		15 shot3		175000		176000		3		0.27		15

		SAMPLE C (CONTROL)

		Sample (DAY)		Peak Height		Average Peak Height		Concentration from Std		Ratioed		Day

		0 shot1		644000

		0 shot2		648000

		0 shot3		649000		647000		13		1		0

		3 shot1		558000

		3 shot2		563000

		3 shot3		561000		560667		11		0.87		3

		6 shot1		593000

		6 shot2		595000

		6 shot3		593000		593667		12		0.92		6

		9 shot1		544000

		9 shot2		546000

		9 shot3		541000		543667		11		0.84		9

		12 shot1		792000

		12 shot2		792000

		12 shot3		793000		660278		13		1.02		12

		15 shot1		496000

		15 shot2		495000

		15 shot3		492000		494333		10		0.76		15
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Sheet1

		Sandia TNT Soil								SoilConc		SpinConc		ActApplied		mLapplied		MassSpin

		Aug 19th, 2004		1/2 Conc						1041		25		969.54		235		58.75

		(Cycle #5)								SoilConcA				Actapp15		mLapp15		MassSp15

										521				510.36		135		33.75

		SAMPLE A						Concentration from Std

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Curve y=50526x		Ratioed		Day		Time		C/CoC		C/CoA		C/CoB		C/Coave		Ratio		DiffC		Diffave		C/Cocorr

		0 shot1		1649000										0		1		1		1		1		1		0		0		1.00		1		1

		0 shot2		1640000										3		0.98		1.06		0.89		0.98		0.99		0.02		0.02		0.99		0.98		0.80

		0 shot3		1629000		1639333		32.45		1		0		6		0.91		1.01		0.92		0.96		1.07		0.09		0.04		1.06		0.95		0.64

		3 shot1		1756000										9		0.89		0.85		0.75		0.80		0.90		0.11		0.20		0.91		0.93		0.53		0		1		1		0.00		0.00		1.00		1.00		1.00

		3 shot2		1752000										12		0.95		0.53		0.73		0.63		0.66		0.05		0.37		0.68		0.91		0.45		3		1.06		0.79		-0.06		0.21		0.72		0.98		0.71

		3 shot3		1718000		1742000		34.48		1.06		3		15		0.99		0.30		0.40		0.35		0.35		0.01		0.65		0.36		0.88		0.39		6		1.11		0.43		-0.11		0.57		0.32		0.97		0.51

		6 shot1		1702000										18		0.85		0.18		0.22		0.20		0.24		0.15		0.80		0.35		0.86		0.35		9		0.95		0.25		0.05		0.75		0.30		0.95		0.38

		6 shot2		1646183										21		0.81		0.10		0.26		0.18		0.23		0.19		0.82		0.37		0.84		0.32		12		0.91		0.23		0.09		0.77		0.32		0.93		0.29

		6shot3		1635000		1661061		32.88		1.01		6		24		0.87		0.08		0.10		0.09		0.11		0.13		0.91		0.23		0.82		0.30		15		0.97		0.11		0.03		0.89		0.15		0.92		0.24

		9 shot1		1415000										27		0.80		0.06		0.10		0.08		0.10		0.20		0.92		0.28		0.80		0.30		18		0.89		0.10		0.11		0.90		0.21		0.90		0.20

		9 shot2		1415000										30		0.74		0.04		0.07		0.06		0.08		0.26		0.94		0.32		0.78		0.29		24		0.83		0.07		0.17		0.93		0.25		0.87		0.18

		9 shot3		1368000		1399333		27.70		0.85		9

		12 shot1		864000												ugRemC						ugRemE		ugRemNet		ug/U

		12 shot2		870000												34158						122440		88281		91.06

		12 shot3		888000		874000		17.30		0.53		12

		15 shot1		493000																				ug/day

		15 shot2		488000																				2943

		15 shot3		480000		487000		9.64		0.30		15

		18 shot1		302000																				ug/d/U

		18 shot2		293000																				3.04

		18 shot3		293000		296000		5.86		0.18		18

		21 shot1		125000																				ug/d/gm

		21 shot2		191000																				50.09

		21 shot3		192000		169333		3.35		0.10		21																2nd15days

		24 shot1		86000												ugRemC						ugRemE		ugRemNet		ug/U		ugRemNet		ug/U

		24 shot2		159000												1164						85030		83866		164.33		4416		9.6

		24 shot3		158000		134333		2.66		0.08		24

		27 shot1		65000																				ug/day

		27 shot2		108000																				5591				294

		27 shot3		109000		94000		1.86		0.06		27

		30 shot1		32063																				ug/d/U				ug/d/U

		30 shot2		67759																				10.96				0.6

		30 shot3		121086		73636		1.46		0.04		30

																								ug/d/gm				ug/d/gm

		SAMPLE B																						165.66				11.8

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Concentration from Std		Ratioed		Day

		0 shot1		1649000

		0 shot2		1640000

		0 shot3		1629000		1639333		32.45		1		0

		3 shot1		1473000

		3 shot2		1455000

		3 shot3		1456000		1461333		28.92		0.89		3

		6 shot1		1500000

		6 shot2		1495000

		6 shot3		1510000		1501667		29.72		0.92		6

		9 shot1		1247000

		9 shot2		1229000

		9 shot3		1226000		1234000		24.42		0.75		9

		12 shot1		1213000

		12 shot2		1187000

		12 shot3		1187000		1195667		23.66		0.73		12

		15 shot1		646700

		15 shot2		650000

		15 shot3		651000		649233		12.85		0.40		15

		18 shot1		366000

		18 shot2		371000

		18 shot3		369404		368801		7.30		0.22		18

		21 shot1		435569

		21 shot2		432000

		21 shot3		426000		431190		8.53		0.26		21

		24 shot1		168000

		24 shot2		166537

		24 shot3		167000		167179		3.31		0.10		24

		27 shot1		160000

		27 shot2		158260

		27 shot3		157649		158636		3.14		0.10		27

		30 shot1		120661

		30 shot2		120000

		30 shot3		119336		119999		2.37		0.07		30

		SAMPLE C (CONTROL)

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Concentration from Std		Ratioed		Day

		0 shot1		1649000

		0 shot2		1640000

		0 shot3		1629000		1639333		32.45		1		0

		3 shot1		1617000

		3 shot2		1630000

		3 shot3		1591853		1612951		31.92		0.98		3

		6 shot1		1480000

		6 shot2		1498000

		6 shot3		1476000		1484667		29.38		0.91		6

		9 shot1		1477000

		9 shot2		1471000

		9 shot3		1446604		1464868		28.99		0.89		9

		12 shot1		1579000

		12 shot2		1541000

		12 shot3		1551000		1557000		30.82		0.95		12

		15 shot1		1632000

		15 shot2		1615000

		15 shot3		1627000		1624667		32.16		0.99		15

		18 shot1		1378000

		18 shot2		1398845

		18 shot3		1413000		1396615		27.64		0.85		18

		21 shot1		1316878

		21 shot2		1342000

		21 shot3		1324000		1327626		26.28		0.81		21

		24 shot1		1419000

		24 shot2		1413000

		24 shot3		1427000		1419667		28.10		0.87		24

		27 shot1		1304000

		27 shot2		1310000

		27 shot3		1300219		1304740		25.82		0.80		27

		30 shot1		1205000

		30 shot2		1210000

		30 shot3		1212000		1209000		23.93		0.74		30
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		SAMPLE A						Concentration from Std

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Curve y=50526x		Ratioed		Day		Time		C/CoC		C/CoA		C/CoB		C/Coave		Co/Cave		Lnfunc		C/CoaveC

		0 shot1		1649000										0		1		1		1		1		1				1

		0 shot2		1640000										3		0.98		1.06		0.89		0.98		1.02		-3.75		0.97

		0 shot3		1629000		1639333		32.45		1		0		6		0.91		1.01		0.92		0.96		1.04		-3.31		0.93

		3 shot1		1756000										9		0.89		0.85		0.75		0.80		1.25		-1.41		0.85

		3 shot2		1752000										12		0.95		0.53		0.73		0.63		1.58		-0.54		0.71

		3 shot3		1718000		1742000		34.48		1.06		3		15		0.99		0.30		0.40		0.35		2.89		0.63		0.52

		6 shot1		1702000										18		0.85		0.18		0.22		0.20		4.93		1.37		0.32

		6 shot2		1646183										21		0.81		0.10		0.26		0.18		5.46		1.50		0.17

		6shot3		1635000		1661061		32.88		1.01		6		24		0.87		0.08		0.10		0.09		10.87		2.29		0.08

		9 shot1		1415000										27		0.80		0.06		0.10		0.08		12.98		2.48		0.04

		9 shot2		1415000										30		0.74		0.04		0.07		0.06		16.93		2.77		0.02

		9 shot3		1368000		1399333		27.70		0.85		9

		12 shot1		864000

		12 shot2		870000

		12 shot3		888000		874000		17.30		0.53		12

		15 shot1		493000

		15 shot2		488000

		15 shot3		480000		487000		9.64		0.30		15

		18 shot1		302000

		18 shot2		293000

		18 shot3		293000		296000		5.86		0.18		18

		21 shot1		125000

		21 shot2		191000

		21 shot3		192000		169333		3.35		0.10		21

		24 shot1		86000

		24 shot2		159000

		24 shot3		158000		134333		2.66		0.08		24

		27 shot1		65000

		27 shot2		108000

		27 shot3		109000		94000		1.86		0.06		27

		30 shot1		32063

		30 shot2		67759

		30 shot3		121086		73636		1.46		0.04		30

		SAMPLE B

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Concentration from Std		Ratioed		Day

		0 shot1		1649000

		0 shot2		1640000

		0 shot3		1629000		1639333		32.45		1		0

		3 shot1		1473000

		3 shot2		1455000

		3 shot3		1456000		1461333		28.92		0.89		3

		6 shot1		1500000

		6 shot2		1495000

		6 shot3		1510000		1501667		29.72		0.92		6

		9 shot1		1247000

		9 shot2		1229000

		9 shot3		1226000		1234000		24.42		0.75		9

		12 shot1		1213000

		12 shot2		1187000

		12 shot3		1187000		1195667		23.66		0.73		12

		15 shot1		646700

		15 shot2		650000

		15 shot3		651000		649233		12.85		0.40		15

		18 shot1		366000

		18 shot2		371000

		18 shot3		369404		368801		7.30		0.22		18

		21 shot1		435569

		21 shot2		432000

		21 shot3		426000		431190		8.53		0.26		21

		24 shot1		168000

		24 shot2		166537

		24 shot3		167000		167179		3.31		0.10		24

		27 shot1		160000

		27 shot2		158260

		27 shot3		157649		158636		3.14		0.10		27

		30 shot1		120661

		30 shot2		120000

		30 shot3		119336		119999		2.37		0.07		30

		SAMPLE C (CONTROL)

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Concentration from Std		Ratioed		Day

		0 shot1		1649000

		0 shot2		1640000

		0 shot3		1629000		1639333		32.45		1		0

		3 shot1		1617000

		3 shot2		1630000

		3 shot3		1591853		1612951		31.92		0.98		3

		6 shot1		1480000

		6 shot2		1498000

		6 shot3		1476000		1484667		29.38		0.91		6

		9 shot1		1477000

		9 shot2		1471000

		9 shot3		1446604		1464868		28.99		0.89		9

		12 shot1		1579000

		12 shot2		1541000

		12 shot3		1551000		1557000		30.82		0.95		12

		15 shot1		1632000

		15 shot2		1615000

		15 shot3		1627000		1624667		32.16		0.99		15

		18 shot1		1378000

		18 shot2		1398845

		18 shot3		1413000		1396615		27.64		0.85		18

		21 shot1		1316878

		21 shot2		1342000

		21 shot3		1324000		1327626		26.28		0.81		21

		24 shot1		1419000

		24 shot2		1413000

		24 shot3		1427000		1419667		28.10		0.87		24

		27 shot1		1304000

		27 shot2		1310000

		27 shot3		1300219		1304740		25.82		0.80		27

		30 shot1		1205000

		30 shot2		1210000

		30 shot3		1212000		1209000		23.93		0.74		30
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Last9days

		1/4 Conc TNT Sandia 1/2 Spinach				(Cycle #9)				SoilConc		SpinConc		ActApplied		mLapplied		MassSpin

		Jan-05								1041		12.5		470.5		160		20

										SoilConcA

										260

		SAMPLE A

		Sample (DAY)		Peak Height		Average Peak Height		Concentration from Std		Ratio		Day		Time		C/CoC		C/CoA		C/CoB		C/Coave

		0 shot1		528000										0		1		1		1		1

		0 shot2		526000										3		1.19		1.39		1.36		1.37

		0 shot3		523000		525667		10		1		0		6		1.03		1.11		1.15		1.13		1.00		1.00		1.00		1.00		0		1.00		1.00

		3 shot1		733000										9		1.01		0.89		1.02		0.95		0.98		0.85		0.95		0.90		3		0.94		0.90

		3 shot2		728000										12		0.95		0.91		0.89		0.90		0.92		0.80		0.90		0.82		6		0.88		0.82

		3 shot3		726000		729000		14		1.39		3		15		0.85		0.59		0.69		0.64		0.83		0.57		0.86		0.75		9		0.83		0.76

		6 shot1		582000

		6 shot2		580863												ugRemC						ugRemE		ugRemNet		ug/U

		6shot3		583000		581954		12		1.11		6				9448						23393		13945		29.64

		9 shot1		459000

		9 shot2		471000																				ug/day

		9 shot3		466000		465333		9		0.89		9												930

		12 shot1		474000

		12 shot2		479000																				ug/d/U

		12 shot3		476000		476333		9		0.91		12												1.98

		15 shot1		256000

		15 shot2		338000																				ug/d/gm

		15 shot3		341000		311667		6		0.59		15												46.48

		SAMPLE B

		Sample (DAY)		Peak Height		Average Peak Height		Concentration from Std		Ratioed		Day

		0 shot1		528000

		0 shot2		526000

		0 shot3		523000		525667		10		1		0

		3 shot1		713000

		3 shot2		712000

		3 shot3		715000		713333		14		1.36		3

		6 shot1		604000

		6 shot2		601000

		6 shot3		602239		602413		12		1.15		6

		9 shot1		507000

		9 shot2		551000

		9 shot3		556000		538000		11		1.02		9

		12 shot1		468000

		12 shot2		469000

		12 shot3		469000		468667		9		0.89		12

		15 shot1		367000

		15 shot2		358000

		15 shot3		360000		361667		7		0.69		15

		SAMPLE C (CONTROL)

		Sample (DAY)		Peak Height		Average Peak Height		Concentration from Std		Ratioed		Day

		0 shot1		528000

		0 shot2		526000

		0 shot3		523000		525667		10		1		0

		3 shot1		623000

		3 shot2		626000

		3 shot3		620000		623000		12		1.19		3

		6 shot1		539000

		6 shot2		541000

		6 shot3		541000		540333		11		1.03		6

		9 shot1		521078

		9 shot2		540000

		9 shot3		526000		529026		10		1.01		9

		12 shot1		498780

		12 shot2		500000

		12 shot3		500000		499593		10		0.95		12

		15 shot1		449000

		15 shot2		451000

		15 shot3		448000		449333		9		0.85		15
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		1/4 Conc TNT Sandia 1/2 Spinach				(Cycle #9)				SoilConc		SpinConc		ActApplied		mLapplied		MassSpin

		Jan-05								1041		12.5		470.5		160		20

										SoilConcA

										260

		SAMPLE A

		Sample (DAY)		Peak Height		Average Peak Height		Concentration from Std		Ratio		Day		Time		C/CoC		C/CoA		C/CoB		C/Coave		Ratio		DiffC		Diffave		C/Cocorr

		0 shot1		528000										0		1		1		1		1		1		0		0		1.00		1		1

		0 shot2		526000										0		1.00		1.00		1.00		1.00		1.00		0.00		0.00		1.00		1.00		1.00

		0 shot3		523000		525667		10		1		0		6		1.03		1.11		1.15		1.13		1.10		-0.03		-0.13		1.10		0.97		0.95

		3 shot1		733000										9		1.01		0.89		1.02		0.95		0.95		-0.01		0.05		0.95		0.96		0.92

		3 shot2		728000										12		0.95		0.91		0.89		0.90		0.95		0.05		0.10		0.95		0.95		0.90

		3 shot3		726000		729000		14		1.39		3		15		0.85		0.59		0.69		0.64		0.75		0.15		0.36		0.79		0.93		0.88

		6 shot1		582000

		6 shot2		580863												ugRemC						ugRemE		ugRemNet		ug/U

		6shot3		583000		581954		12		1.11		6				9448						23393		13945		29.64

		9 shot1		459000

		9 shot2		471000																				ug/day

		9 shot3		466000		465333		9		0.89		9												930

		12 shot1		474000

		12 shot2		479000																				ug/d/U

		12 shot3		476000		476333		9		0.91		12												1.98

		15 shot1		256000

		15 shot2		338000																				ug/d/gm

		15 shot3		341000		311667		6		0.59		15												46.48

		SAMPLE B

		Sample (DAY)		Peak Height		Average Peak Height		Concentration from Std		Ratioed		Day

		0 shot1		528000

		0 shot2		526000

		0 shot3		523000		525667		10		1		0

		3 shot1		713000

		3 shot2		712000

		3 shot3		715000		713333		14		1.36		3

		6 shot1		604000

		6 shot2		601000

		6 shot3		602239		602413		12		1.15		6

		9 shot1		507000

		9 shot2		551000

		9 shot3		556000		538000		11		1.02		9

		12 shot1		468000

		12 shot2		469000

		12 shot3		469000		468667		9		0.89		12

		15 shot1		367000

		15 shot2		358000

		15 shot3		360000		361667		7		0.69		15

		SAMPLE C (CONTROL)

		Sample (DAY)		Peak Height		Average Peak Height		Concentration from Std		Ratioed		Day

		0 shot1		528000

		0 shot2		526000

		0 shot3		523000		525667		10		1		0

		3 shot1		623000

		3 shot2		626000

		3 shot3		620000		623000		12		1.19		3

		6 shot1		539000

		6 shot2		541000

		6 shot3		541000		540333		11		1.03		6

		9 shot1		521078

		9 shot2		540000

		9 shot3		526000		529026		10		1.01		9

		12 shot1		498780

		12 shot2		500000

		12 shot3		500000		499593		10		0.95		12

		15 shot1		449000

		15 shot2		451000

		15 shot3		448000		449333		9		0.85		15
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Sheet1

		Quarter Conc TNT TN Soil				(Cycle #8)				SoilConc		SpinConc		ActApplied		mLapplied		MassSpin

		Dec-04								2204		25		1037.74		205		51.25

										SoilConcA

										551

		SAMPLE A						Concentration from Std

		Sample (DAY)		Peak Heighth		Average Peak Height		Curve y=50526x		Ratioed		Day		Time		C/CoC		C/CoA		C/CoB		C/Coave

		0 shot1		1490000										0		1		1		1		1

		0 shot2		1491000										3		0.88		0.75		0.85		0.80

		0 shot3		1498000		1493000		30		1		0		6		0.78		1.04		0.82		0.93

		3 shot1		1113922										9		0.73		0.83		0.85		0.84

		3 shot2		1119000										12		0.90		0.92		1.00		0.96

		3 shot3		1119000		1117307		22		0.75		3		15		0.65		0.62		0.65		0.64

		6 shot1		1565000

		6 shot2		1520000												ugRemC						ugRemE		ugRemNet		ug/U

		6 shot3		1557000		1547333		31		1.04		6				47731						50268		2537		2.44

		9 shot1		1247000

		9 shot2		1244000																				ug/day

		9 shot3		1234000		1241667		25		0.83		9												169

		12 shot1		1631000

		12 shot2		1632000																				ug/d/U

		12 shot3		1657000		1366667		27		0.92		12												0.16

		15 shot1		927000

		15 shot2		924000																				ug/d/gm

		15 shot3		918000		923000		18		0.62		15												3.30

		SAMPLE B

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Concentration from Std		Ratioed		Day

		0 shot1		1490000

		0 shot2		1491000

		0 shot3		1498000		1493000		30		1		0

		3 shot1		1275000

		3 shot2		1274000

		3 shot3		1278000		1275667		25		0.85		3

		6 shot1		1219000

		6 shot2		1221000

		6 shot3		1219000		1219667		24		0.82		6

		9 shot1		1274000

		9 shot2		1275000

		9 shot3		1275000		1274667		25		0.85		9

		12 shot1		1772000

		12 shot2		1783000

		12 shot3		1798000		1486944		29		1.00		12

		15 shot1		975000

		15 shot2		972000

		15 shot3		973000		973333		19		0.65		15

		SAMPLE C (CONTROL)

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Concentration from Std		Ratioed		Day

		0 shot1		1490000

		0 shot2		1491000

		0 shot3		1498000		1493000		30		1		0

		3 shot1		1310000

		3 shot2		1309000

		3 shot3		1309000		1309333		26		0.88		3

		6 shot1		1162000

		6 shot2		1167000

		6 shot3		1164000		1164333		23		0.78		6

		9 shot1		1095000

		9 shot2		1093730

		9 shot3		1101000		1096577		22		0.73		9

		12 shot1		1622000

		12 shot2		1628000

		12 shot3		1611741		1350484		27		0.90		12

		15 shot1		980000

		15 shot2		971000

		15 shot3		976000		975667		19		0.65		15
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Sheet1

		TN TNT Soil Comparison Experiment #2								SoilConc		SpinConc		ActApplied		mLapplied		MassSpin

		Sept 23rd, 2004								2204		25		1250.44		280		70

		(Cycle #6)								SoilConcA				Actapp15		mLapp15		MassSp15

										1102				868.74		172.5		43.13

														Actapp15b		mLapp15b		MassSp15b

														381.7		107.5		26.875

		SAMPLE A						Concentration from Std

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Curve y=50526x		Ratioed		Day		Time		C/CoC		C/CoA		C/CoB		C/Coave

		0 shot1		5260000										0		1		1		1		1

		0 shot2		5262000										3		1.00		1.00		1.00		1.00

		0 shot3		5243729		5255243		104		1		0		6		0.75		1.00		1.00		1.00

		3 shot1		5266000										9		1.00		1.00		1.00		1.00

		3 shot2		5266000										12		1.00		1.00		1.00		1.00

		3 shot3		5208219		5246740		104		1.00		3		15		1.00		1.00		1.00		1.00		0		0.00		-0.00		1.00		1.00		1.00

		6 shot1		5259000										18		1.00		0.57		0.96		0.77		3		-0.00		0.23		0.77		0.92		0.86

		6 shot2		5258000										21		0.77		0.43		0.44		0.44		6		0.23		0.56		0.66		0.85		0.77

		6 shot3		5278000		5265000		104		1.00		6		24		1.00		0.40		0.45		0.42		9		0.00		0.58		0.42		0.78		0.70

		9 shot1		5241483										27		0.84		0.42		0.45		0.43		12		0.16		0.57		0.59		0.71		0.66

		9 shot2		5261000										30		0.50		0.30		0.34		0.32		15		0.50		0.68		0.82		0.66		0.64

		9 shot3		5260000		5254161		104		1.00		9				Total

		12 shot1		5259000												ugRemC						ugRemE		ugRemNet		ug/U

		12 shot2		5258000												136559						187113		50554		40.43

		12 shot3		5258000		5258333		104		1.00		12

		15 shot1		5261000																				ug/day

		15 shot2		5261000																				1685

		15 shot3		5249000		5257000		104		1.00		15

		18 shot1		2946000																				ug/d/U

		18 shot2		3046000																				1.35

		18 shot3		3055000		3015666.66666667		60		0.57		18

		21 shot1		2254000																				ug/d/gm

		21 shot2		2270000																				24.07

		21 shot3		2262000		2262000		45		0.43		21				Second15

		24 shot1		2104000												ugRemC						ugRemE		ugRemNet		ug/U

		24 shot2		2097000												136559						187113		50554		132.44

		24 shot3		2066766		2089255		41		0.40		24

		27 shot1		2246158																				ug/day

		27 shot2		2175000																				3370

		27 shot3		2204165		2208441		44		0.42		27

		30 shot1		1596000																				ug/d/U

		30 shot2		1584000																				8.83

		30 shot3		1595000		1591667		32		0.30		30

																								ug/d/gm

		SAMPLE B																						125.41

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Concentration from Std		Ratioed		Day

		0 shot1		5260000

		0 shot2		5262000

		0 shot3		5243729		5255243		104		1		0

		3 shot1		5267000

		3 shot2		5266000

		3 shot3		5266000		5266333		104		1.00		3

		6 shot1		5253000

		6 shot2		5252000

		6 shot3		5233527		5246176		104		1.00		6

		9 shot1		5263000

		9 shot2		5261000

		9 shot3		5261000		5261667		104		1.00		9

		12 shot1		5262000

		12 shot2		5262000

		12 shot3		5264000		5262667		104		1.00		12

		15 shot1		5257000

		15 shot2		5258000

		15 shot3		5258000		5257667		104		1.00		15

		18 shot1		4956000

		18 shot2		5153000

		18 shot3		5009428		5039476		100		0.96		18

		21 shot1		2325000

		21 shot2		2321000

		21 shot3		2319933		2321978		46		0.44		21

		24 shot1		2414000

		24 shot2		2361000

		24 shot3		2319000		2364667		47		0.45		24

		27 shot1		2376259

		27 shot2		2345000

		27 shot3		2326000		2349086		46		0.45		27

		30 shot1		1778000

		30 shot2		1784000

		30 shot3		1779000		1780333.33333333		35		0.34		30

		SAMPLE C (CONTROL)						Concentration from Std

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Curve y=48516x		Ratioed		Day

		0 shot1		5260000

		0 shot2		5262000

		0 shot3		5243729		5255243		104		1		0

		3 shot1		5268000

		3 shot2		5269000

		3 shot3		5269000		5268667		104		1.00		3

		6 shot1		3844000

		6 shot2		3721068

		6 shot3		4203000		3922689		78		0.75		6

		9 shot1		5264000

		9 shot2		5204453

		9 shot3		5264000		5244151		104		1.00		9

		12 shot1		5243522

		12 shot2		5262000

		12 shot3		5263000		5256174		104		1.00		12

		15 shot1		5240059

		15 shot2		5257000

		15 shot3		5257000		5251353		104		1.00		15

		18 shot1		5256000

		18 shot2		5257000

		18 shot3		5257000		5256667		104		1.00		18

		21 shot1		3978000

		21 shot2		3834000

		21 shot3		4352000		4054666.66666667		80		0.77		21

		24 shot1		5235000

		24 shot2		5260000

		24 shot3		5258000		5251000		104		1.00		24

		27 shot1		4383000

		27 shot2		4700000

		27 shot3		4215000		4432666.66666667		88		0.84		27

		30 shot1		2618000

		30 shot2		2672000

		30 shot3		2661000		2650333		52		0.50		30
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Sheet1

		TennesseeTNT Soil								SoilConc		SpinConc		ActApplied		mLapplied		MassSpin

		Aug 19th, 2004		1/2 Conc						2204		25		1162.1		282.5		70.625

		(Cycle #5)								SoilConcA				Actapp15		mLapp15		MassSp15

										1102				603.19		160		40

														Actapp15b		mLapp15b		MassSp15b

														558.91		122.5		30.625

		SAMPLE A						Concentration from Std

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Curve y=50526x		Ratioed		Day		Time		C/CoC		C/CoA		C/CoB		C/Coave

		0 shot1		5274000										0		1		1		1		1

		0 shot2		5275000										3		1.00		1.00		1.00		1.00

		0 shot3		5276000		5275000		104		1		0		6		0.99		1.00		1.00		1.00

		3 shot1		5278000										9		1.00		1.00		1.00		1.00

		3 shot2		5276000										12		1.00		1.00		1.00		1.00

		3 shot3		5275000		5276333		104		1.00		3		15		1.00		1.00		1.00		1.00		0		0.00		-0.00		1.00		1.00		1.00

		6 shot1		5277000										18		0.60		0.42		0.43		0.43		3		0.40		0.57		0.83		0.92		0.82

		6 shot2		5277000										21		1.00		0.60		0.42		0.51		6		0.00		0.49		0.51		0.84		0.71

		6 shot3		5277000		5277000		104		1.00		6		24		0.75		0.35		0.35		0.35		9		0.25		0.65		0.60		0.77		0.64

		9 shot1		5277000										27		0.82		0.31		0.31		0.31		12		0.18		0.69		0.49		0.71		0.60

		9 shot2		5257042										30		0.59		0.32		0.24		0.28		15		0.41		0.72		0.69		0.65		0.58

		9 shot3		5279000		5271014		104		1.00		9				Total

		12 shot1		5280000												ugRemC						ugRemE		ugRemNet		ug/U

		12 shot2		5279000												113061						198629		85568		73.63

		12 shot3		5278000		5279000		104		1.00		12

		15 shot1		5277000																				ug/day

		15 shot2		5277000																				2852

		15 shot3		5276000		5276667		104		1.00		15

		18 shot1		2246000																				ug/d/U

		18 shot2		2218000																				2.45

		18 shot3		2241000		2235000		44		0.42		18

		21 shot1		3222051																				ug/d/gm

		21 shot2		3176000																				40.39

		21 shot3		3052000		3150017		62		0.60		21				Second15

		24 shot1		1868000												ugRemC						ugRemE		ugRemNet		ug/U

		24 shot2		1882000												113061						198629		85568		153.10

		24 shot3		1852081		1867360		37		0.35		24

		27 shot1		1636000																				ug/day

		27 shot2		1633000																				5705

		27 shot3		1617000		1628667		32		0.31		27

		30 shot1		1663000																				ug/d/U

		30 shot2		1687000																				10.21

		30 shot3		1689000		1679667		33		0.32		30

																								ug/d/gm

		SAMPLE B																						186.27

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Concentration from Std		Ratioed		Day

		0 shot1		5274000

		0 shot2		5275000

		0 shot3		5276000		5275000		104		1		0

		3 shot1		5275000

		3 shot2		5274000

		3 shot3		5275000		5274667		104		1.00		3

		6 shot1		5280000

		6 shot2		5280000

		6 shot3		5279000		5279667		104		1.00		6

		9 shot1		5253858

		9 shot2		5277000

		9 shot3		5277000		5269286		104		1.00		9

		12 shot1		5276000

		12 shot2		5277000

		12 shot3		5276000		5276333		104		1.00		12

		15 shot1		5277000

		15 shot2		5275000

		15 shot3		5276000		5276000		104		1.00		15

		18 shot1		2252000

		18 shot2		2217000

		18 shot3		2285000		2251333		45		0.43		18

		21 shot1		2176000

		21 shot2		2208000

		21 shot3		2211000		2198333		44		0.42		21

		24 shot1		1850000

		24 shot2		1830800

		24 shot3		1824000		1834933		36		0.35		24

		27 shot1		1625212

		27 shot2		1610000

		27 shot3		1600000		1611737		32		0.31		27

		30 shot1		1261000

		30 shot2		1260072

		30 shot3		1271000		1264024		25		0.24		30

		SAMPLE C (CONTROL)

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Concentration from Std		Ratioed		Day

		0 shot1		5274000

		0 shot2		5275000

		0 shot3		5276000		5275000		104		1		0

		3 shot1		5266721

		3 shot2		5274000

		3 shot3		5274000		5271574		104		1.00		3

		6 shot1		5233000

		6 shot2		5262000

		6 shot3		5189000		5228000		103		0.99		6

		9 shot1		5278000

		9 shot2		5278000

		9 shot3		5278000		5278000		104		1.00		9

		12 shot1		5272000

		12 shot2		5272000

		12 shot3		5272000		5272000		104		1.00		12

		15 shot1		5272000

		15 shot2		5252407

		15 shot3		5272000		5265469		104		1.00		15

		18 shot1		3172000

		18 shot2		3060000

		18 shot3		3226000		3152667		62		0.60		18

		21 shot1		5275000

		21 shot2		5270653

		21 shot3		5275000		5273551		104		1.00		21

		24 shot1		3266000

		24 shot2		4262000

		24 shot3		4379000		3969000		79		0.75		24

		27 shot1		4304059

		27 shot2		4215000

		27 shot3		4487000		4335353		86		0.82		27

		30 shot1		3009000

		30 shot2		3141351

		30 shot3		3180296		3110216		62		0.59		30
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		Time		C/CoC		C/Coave		C/CoC		C/Coave		C/CoCave		C/Coaveav

		0		1		1		1		1		1		1

		3		1.00		1.00		1.00		1.00		1.00		1.00

		6		0.99		1.00		0.75		1.00		0.87		1.00

		9		1.00		1.00		1.00		1.00		1.00		1.00

		12		1.00		1.00		1.00		1.00		1.00		1.00

		15		1.00		1.00		1.00		1.00		1.00		1.00		0		0.00		-0.00		1.00		1.00		1.00

		18		0.60		0.43		1.00		0.77		0.80		0.60		3		0.20		0.40		0.80		0.92		0.84

		21		1.00		0.51		0.77		0.44		0.89		0.47		6		0.11		0.53		0.59		0.85		0.74

		24		0.75		0.35		1.00		0.42		0.88		0.39		9		0.12		0.61		0.51		0.78		0.67

		27		0.82		0.31		0.84		0.43		0.83		0.37		12		0.17		0.63		0.54		0.71		0.62

		30		0.59		0.28		0.50		0.32		0.55		0.30		15		0.45		0.70		0.75		0.66		0.60
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Sheet1

		TennesseeTNT Soil								SoilConc		SpinConc		ActApplied		mLapplied		MassSpin

		Aug 19th, 2004		1/2 Conc						2204		25		1162.1		282.5		70.625

		(Cycle #5)								SoilConcA				Actapp15		mLapp15		MassSp15

										1102				603.19		160		40

														Actapp15b		mLapp15b		MassSp15b

														558.91		122.5		30.625

		SAMPLE A						Concentration from Std

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Curve y=50526x		Ratioed		Day		Time		C/CoC		C/CoA		C/CoB		C/Coave

		0 shot1		5274000										0		1		1		1		1

		0 shot2		5275000										3		1.00		1.00		1.00		1.00

		0 shot3		5276000		5275000		104		1		0		6		0.99		1.00		1.00		1.00

		3 shot1		5278000										9		1.00		1.00		1.00		1.00

		3 shot2		5276000										12		1.00		1.00		1.00		1.00

		3 shot3		5275000		5276333		104		1.00		3		15		1.00		1.00		1.00		1.00		0		0.00		-0.00		1.00		1.00		1.00

		6 shot1		5277000										18		0.60		0.42		0.43		0.43		3		0.40		0.57		0.83		0.92		0.82

		6 shot2		5277000										21		1.00		0.60		0.42		0.51		6		0.00		0.49		0.51		0.84		0.71

		6 shot3		5277000		5277000		104		1.00		6		24		0.75		0.35		0.35		0.35		9		0.25		0.65		0.60		0.77		0.64

		9 shot1		5277000										27		0.82		0.31		0.31		0.31		12		0.18		0.69		0.49		0.71		0.60

		9 shot2		5257042										30		0.59		0.32		0.24		0.28		15		0.41		0.72		0.69		0.65		0.58

		9 shot3		5279000		5271014		104		1.00		9				Total

		12 shot1		5280000												ugRemC						ugRemE		ugRemNet		ug/U

		12 shot2		5279000												113061						198629		85568		73.63

		12 shot3		5278000		5279000		104		1.00		12

		15 shot1		5277000																				ug/day

		15 shot2		5277000																				2852

		15 shot3		5276000		5276667		104		1.00		15

		18 shot1		2246000																				ug/d/U

		18 shot2		2218000																				2.45

		18 shot3		2241000		2235000		44		0.42		18

		21 shot1		3222051																				ug/d/gm

		21 shot2		3176000																				40.39

		21 shot3		3052000		3150017		62		0.60		21				Second15

		24 shot1		1868000												ugRemC						ugRemE		ugRemNet		ug/U

		24 shot2		1882000												113061						198629		85568		153.10

		24 shot3		1852081		1867360		37		0.35		24

		27 shot1		1636000																				ug/day

		27 shot2		1633000																				5705

		27 shot3		1617000		1628667		32		0.31		27

		30 shot1		1663000																				ug/d/U

		30 shot2		1687000																				10.21

		30 shot3		1689000		1679667		33		0.32		30

																								ug/d/gm

		SAMPLE B																						186.27

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Concentration from Std		Ratioed		Day

		0 shot1		5274000

		0 shot2		5275000

		0 shot3		5276000		5275000		104		1		0

		3 shot1		5275000

		3 shot2		5274000

		3 shot3		5275000		5274667		104		1.00		3

		6 shot1		5280000

		6 shot2		5280000

		6 shot3		5279000		5279667		104		1.00		6

		9 shot1		5253858

		9 shot2		5277000

		9 shot3		5277000		5269286		104		1.00		9

		12 shot1		5276000

		12 shot2		5277000

		12 shot3		5276000		5276333		104		1.00		12

		15 shot1		5277000

		15 shot2		5275000

		15 shot3		5276000		5276000		104		1.00		15

		18 shot1		2252000

		18 shot2		2217000

		18 shot3		2285000		2251333		45		0.43		18

		21 shot1		2176000

		21 shot2		2208000

		21 shot3		2211000		2198333		44		0.42		21

		24 shot1		1850000

		24 shot2		1830800

		24 shot3		1824000		1834933		36		0.35		24

		27 shot1		1625212

		27 shot2		1610000

		27 shot3		1600000		1611737		32		0.31		27

		30 shot1		1261000

		30 shot2		1260072

		30 shot3		1271000		1264024		25		0.24		30

		SAMPLE C (CONTROL)

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Concentration from Std		Ratioed		Day

		0 shot1		5274000

		0 shot2		5275000

		0 shot3		5276000		5275000		104		1		0

		3 shot1		5266721

		3 shot2		5274000

		3 shot3		5274000		5271574		104		1.00		3

		6 shot1		5233000

		6 shot2		5262000

		6 shot3		5189000		5228000		103		0.99		6

		9 shot1		5278000

		9 shot2		5278000

		9 shot3		5278000		5278000		104		1.00		9

		12 shot1		5272000

		12 shot2		5272000

		12 shot3		5272000		5272000		104		1.00		12

		15 shot1		5272000

		15 shot2		5252407

		15 shot3		5272000		5265469		104		1.00		15

		18 shot1		3172000

		18 shot2		3060000

		18 shot3		3226000		3152667		62		0.60		18

		21 shot1		5275000

		21 shot2		5270653

		21 shot3		5275000		5273551		104		1.00		21

		24 shot1		3266000

		24 shot2		4262000

		24 shot3		4379000		3969000		79		0.75		24

		27 shot1		4304059

		27 shot2		4215000

		27 shot3		4487000		4335353		86		0.82		27

		30 shot1		3009000

		30 shot2		3141351

		30 shot3		3180296		3110216		62		0.59		30
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		Time		C/CoC		C/Coave		C/CoC		C/Coave		C/CoCave		C/Coaveav

		0		1		1		1		1		1		1

		3		1.00		1.00		1.00		1.00		1.00		1.00

		6		0.99		1.00		0.75		1.00		0.87		1.00

		9		1.00		1.00		1.00		1.00		1.00		1.00

		12		1.00		1.00		1.00		1.00		1.00		1.00

		15		1.00		1.00		1.00		1.00		1.00		1.00		0		0.00		-0.00		1.00		1.00		1.00

		18		0.60		0.43		1.00		0.77		0.80		0.60		3		0.20		0.40		0.80		0.92		0.84

		21		1.00		0.51		0.77		0.44		0.89		0.47		6		0.11		0.53		0.59		0.85		0.74

		24		0.75		0.35		1.00		0.42		0.88		0.39		9		0.12		0.61		0.51		0.78		0.67

		27		0.82		0.31		0.84		0.43		0.83		0.37		12		0.17		0.63		0.54		0.71		0.62

		30		0.59		0.28		0.50		0.32		0.55		0.30		15		0.45		0.70		0.75		0.66		0.60
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Sheet1

		Sandia TNT Soil Comparison Experiment #2								SoilConc		SpinConc		ActApplied		mLapplied		MassSpin

		Sept 23rd, 2004								1041		25		1131.59		255		63.75

		(Cycle #6)								SoilConcA				Actapp15		mLapp15		MassSp15

										521				778.67		155		38.75

		SAMPLE A						Concentration from Std

		Sample (DAY)		Peak Height		Average Peak Height		Curve y=50526x		Ratioed		Day		Time		C/CoC		C/CoA		C/CoB		C/Coave		Ratio		DiffC		Diffave		C/Cocorr

		0 shot1		1970682										0		1		1		1		1		1		0		0		1.00		1		1

		0 shot2		1988000										3		0.82		0.91		0.98		0.94		1.16		0.18		0.06		1.13		0.95		0.80

		0 shot3		2009000		1989227		39		1		0		6		0.76		0.85		0.84		0.84		1.10		0.24		0.16		1.08		0.89		0.66

		3 shot1		1801000										9		0.72		0.73		0.64		0.69		0.95		0.28		0.31		0.96		0.85		0.56		0		1		1		0.00		0.00		1.00		1.00		1.00

		3 shot2		1812000										12		0.62		0.49		0.50		0.49		0.79		0.38		0.51		0.87		0.80		0.51		3		0.86		0.72		0.14		0.28		0.86		0.98		0.69

		3 shot3		1793095		1802032		36		0.91		3		15		0.77		0.28		0.21		0.25		0.32		0.23		0.75		0.48		0.76		0.47		6		1.06		0.36		-0.06		0.64		0.30		0.97		0.49

		6 shot1		1703000										18		0.73		0.12		0.19		0.15		0.21		0.27		0.85		0.42		0.71		0.45		9		1.02		0.22		-0.02		0.78		0.20		0.95		0.36

		6 shot2		1693000										21		0.63		0.08		0.07		0.07		0.12		0.37		0.93		0.44		0.68		0.45		12		0.87		0.11		0.13		0.89		0.23		0.94		0.27

		6shot3		1691000		1695667		34		0.85		6		24		0.60		0.07		0.06		0.06		0.11		0.40		0.94		0.46		0.64		0.45		15		0.84		0.09		0.16		0.91		0.26		0.92		0.22

		9 shot1		1436442										27		0.73		0.08		0.07		0.07		0.10		0.27		0.93		0.35		0.60		0.47		18		1.00		0.11		-0.00		0.89		0.11		0.91		0.19

		9 shot2		1429000										30		0.63		0.07		0.05		0.06		0.09		0.37		0.94		0.43		0.57		0.48		24		0.87		0.09		0.13		0.91		0.21		0.88		0.17

		9 shot3		1495000		1453481		29		0.73		9

		12 shot1		1006000												ugRemC						ugRemE		ugRemNet		ug/U

		12 shot2		981000												48051						122332		74281		65.64

		12 shot3		940581		975860		19		0.49		12

		15 shot1		562349																				ug/day

		15 shot2		560000																				2476

		15 shot3		558000		560116		11		0.28		15

		18 shot1		233779																				ug/d/U

		18 shot2		234283																				2.19

		18 shot3		234267		234110		5		0.12		18

		21 shot1		161000																				ug/d/gm

		21 shot2		147000																				38.84

		21 shot3		152000		153333		3		0.08		21																2nd15days

		24 shot1		144000												ugRemC						ugRemE		ugRemNet		ug/U		ugRemNet		ug/U

		24 shot2		138000												30542						97937		67395		86.55		6886		19.5

		24 shot3		135765		139255		3		0.07		24

		27 shot1		167000																				ug/day

		27 shot2		169000																				4493				459

		27 shot3		167000		167667		3		0.08		27

		30 shot1		139000																				ug/d/U				ug/d/U

		30 shot2		139000																				5.77				1.3

		30 shot3		139000		139000		3		0.07		30

																								ug/d/gm				ug/d/gm

		SAMPLE B																						115.95				18.4

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Concentration from Std		Ratioed		Day

		0 shot1		1970682

		0 shot2		1988000

		0 shot3		2009000		1989227		39		1		0

		3 shot1		1958273

		3 shot2		1946000

		3 shot3		1960000		1954758		39		0.98		3

		6 shot1		1658000

		6 shot2		1659000

		6 shot3		1670000		1662333		33		0.84		6

		9 shot1		1272000

		9 shot2		1275000

		9 shot3		1269000		1272000		25		0.64		9

		12 shot1		1008000

		12 shot2		979000

		12 shot3		983000		990000		20		0.50		12

		15 shot1		426000

		15 shot2		420000

		15 shot3		426000		424000		8		0.21		15

		18 shot1		369000

		18 shot2		369000

		18 shot3		367000		368333		7		0.19		18

		21 shot1		138000

		21 shot2		137000

		21 shot3		142000		139000		3		0.07		21

		24 shot1		94000

		24 shot2		125000

		24 shot3		124000		114333		2		0.06		24

		27 shot1		130000

		27 shot2		130000

		27 shot3		129000		129667		3		0.07		27

		30 shot1		99000

		30 shot2		99000

		30 shot3		99758		99253		2		0.05		30

		SAMPLE C (CONTROL)

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Concentration from Std		Ratioed		Day

		0 shot1		1970682

		0 shot2		1988000

		0 shot3		2009000		1989227		39		1		0

		3 shot1		1637000

		3 shot2		1614000

		3 shot3		1614000		1621667		32		0.82		3

		6 shot1		1522000

		6 shot2		1513000

		6 shot3		1530158		1521719		30		0.76		6

		9 shot1		1435000

		9 shot2		1437426

		9 shot3		1440000		1437475		28		0.72		9

		12 shot1		1247000

		12 shot2		1239000

		12 shot3		1228000		1238000		25		0.62		12

		15 shot1		1522000

		15 shot2		1528000

		15 shot3		1517000		1522333		30		0.77		15

		18 shot1		1461000

		18 shot2		1461000

		18 shot3		1462000		1461333.33333333		29		0.73		18

		21 shot1		1223000

		21 shot2		1222000

		21 shot3		1324000		1256333.33333333		25		0.63		21

		24 shot1		1189000

		24 shot2		1192000

		24 shot3		1220000		1200333		24		0.60		24

		27 shot1		1440000

		27 shot2		1428000

		27 shot3		1460000		1442667		29		0.73		27

		30 shot1		1249000

		30 shot2		1257000

		30 shot3		1258000		1254666.66666667		25		0.63		30
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Sheet1

		TN Half Conc RDX								SoilConc		SpinConc		ActApplied		mLapplied		MassSpin

		November, 2004								500		25		1218.07		270		67.5

		(Cycle #7)

		SAMPLE A						Concentration from Std

		Sample (DAY)		Peak Height		Average Peak Height		Curve y=71760x		Ratioed		Day		Time		C/CoC		C/CoA		C/CoB		C/Coave

		0 shot1		576000										0		1		1		1		1

		0 shot2		576000										3		0.99		1.05		1.11		1.08

		0 shot3		576000		576000		8		1		0		6		1.08		1.13		1.10		1.11

		3 shot1		613000										9		1.07		1.13		1.19		1.16

		3 shot2		600000										12		1.17		1.40		1.30		1.35

		3 shot3		593000		602000		8		1.05		3		15		1.09		1.09		1.15		1.12

		6 shot1		650000										18		0.89		1.26		1.10		1.18

		6 shot2		649000										21		1.05		1.05		1.10		1.07

		6shot3		646000		648333		9		1.13		6		24		1.00		1.12		1.12		1.12

		9 shot1		649000										27		0.90		1.23		0.97		1.10

		9 shot2		651000										30		0.91		1.06		1.14		1.10

		9 shot3		652000		650667		9		1.13		9

		12 shot1		810000												ugRemC						ugRemE		ugRemNet

		12 shot2		806000												11758						-12249		-24007

		12 shot3		804000		806667		11		1.40		12

		15 shot1		626000																				ug/day

		15 shot2		628000																				-800

		15 shot3		627000		627000		9		1.09		15

		18 shot1		727000																				ug/d/U

		18 shot2		727000																				-0.66

		18 shot3		721000		725000		10		1.26		18

		21 shot1		615000																				ug/d/gm

		21 shot2		610000																				-11.86

		21 shot3		581000		602000		8		1.05		21

		24 shot1		631000

		24 shot2		619000

		24 shot3		686000		645333		9		1.12		24

		27 shot1		715000

		27 shot2		709000

		27 shot3		702000		708666.666666667		10		1.23		27

		30 shot1		607963

		30 shot2		613000

		30 shot3		612000		610987.666666667		9		1.06		30

		SAMPLE B						Concentration from Std

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Curve y=71760x		Ratioed		Day

		0 shot1		576000

		0 shot2		576000

		0 shot3		576000		576000		8		1		0

		3 shot1		639000

		3 shot2		636000

		3 shot3		636000		637000		9		1.11		3

		6 shot1		639000

		6 shot2		629773

		6 shot3		635000		634591		9		1.10		6

		9 shot1		679000

		9 shot2		683000

		9 shot3		687000		683000		10		1.19		9

		12 shot1		765000

		12 shot2		739000

		12 shot3		739000		747667		10		1.30		12

		15 shot1		658000

		15 shot2		657000

		15 shot3		669000		661333		9		1.15		15

		18 shot1		631000

		18 shot2		633000

		18 shot3		635000		633000		9		1.10		18

		21 shot1		625883

		21 shot2		639144

		21 shot3		642000		635676		9		1.10		21

		24 shot1		645000

		24 shot2		657000

		24 shot3		640000		647333.333333333		9		1.12		24

		27 shot1		649000

		27 shot2		380000

		27 shot3		654000		561000		8		0.97		27

		30 shot1		653696

		30 shot2		652000

		30 shot3		656000		653898.666666667		9		1.14		30

		SAMPLE C (CONTROL)						Concentration from Std

		Sample (DAY)		Peak Heighth		Average Peak Heighth		Curve y=71760x		Ratioed		Day

		0 shot1		576000

		0 shot2		576000

		0 shot3		576000		576000		8		1		0

		3 shot1		568000

		3 shot2		571000

		3 shot3		573000		570667		8		0.99		3

		6 shot1		624000

		6 shot2		617000

		6 shot3		625000		622000		9		1.08		6

		9 shot1		615000

		9 shot2		613000

		9 shot3		614000		614000		9		1.07		9

		12 shot1		668000

		12 shot2		679000

		12 shot3		671368		672789		9		1.17		12

		15 shot1		629000

		15 shot2		629000

		15 shot3		629000		629000		9		1.09		15

		18 shot1		513000

		18 shot2		513000

		18 shot3		512000		512666.666666667		7		0.89		18

		21 shot1		605000

		21 shot2		607000

		21 shot3		607000		606333.333333333		8		1.05		21

		24 shot1		566000

		24 shot2		580000

		24 shot3		582000		576000		8		1.00		24

		27 shot1		520000

		27 shot2		507000

		27 shot3		521000		516000		7		0.90		27

		30 shot1		518453

		30 shot2		526000

		30 shot3		521000		521817.666666667		7		0.91		30
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Sheet1

		Sandia Soil TNT 1000 ug/g								1/2 Conc

		Cycle5

		Day		SampleA		SampleB		Control		Avg kPa

		0		0		0		0		0

		1		15		14		15		15

		2		21		22		23		22

		3		24		26		28		26

		3		0		0		0		0

		4		12		14		8		11

		5		17		20		16		18

		6		23		26		23		24

		6		0		0		0		0

		7		14		22		20		19

		8		35		50		35		40

		9		54		57		53		55

		9		0		0		0		0

		10		26		25		23		25

		11		52		41		39		44

		12		55		51		50		52

		12		0		0		0		0

		13		27		27		32		29

		14		39		44		38		40

		15		53		52		54		53

		15		0		0		0		0

		16		21		20		18		20

		17		45		41		40		42

		18		54		52		51		52

		18		0		0		0		0

		19		24		25		30		26

		20		43		45		51		46

		21		48		51		57		52

		21		0		0		0		0

		22		24		25		34		28

		23		38		32		47		39

		24		52		45		64		54

		24		0		0		0		0

		25		19		25		28		24

		26		31		38		43		37

		27		46		50		62		53

		27		0		0		0		0

		28		21		28		27		25

		29		40		52		47		46

		30		48		56		53		52

				25.5		26.9		27.7		26.7

				26.2

		Day		AvekPa		mLtot		Soilgr		W%		mLleft		mLReq		mLadd

		3		26.0		50		250		21.2		53		-3		30

		6		24.0		83		248		21.2		53		30		30

		9		54.7		83		246		20.0		49		34		30

		12		52.0		79		244		20.1		49		30		25

		15		53.0		74		242		20.0		49		26		30

		18		52.3		79		240		20.1		48		30		25

		21		52.0		73		238		20.1		48		25		20

		24		53.7		68		236		20.0		47		21		20

		27		52.7		67		234		20.1		47		20		20

		30		52.3		67		232		20.1		47		20		EOT
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Sheet1

		Full Concentration RDX								SoilConc		SpinConc		ActApplied		mLapplied		MassSpin

		Cycle #3								500		25		986.92		155		38.75

		Control						Concentration from Std

		Sample (day)		Peak Heighth		Average Peak Heighth		Curve y=71760x		C/Co		Day		Time		C/CoC		C/CoA		C/CoB		C/Coave

		0 sampleA		8169000										0		1		1		1		1

		0 sampleB		7218125		7693563		107		1.00		0		3		0.95		1.00		1.00		1.00

		3 sampleA		7130083										6		1.03		0.99		1.05		1.02

		3 sampleB		7542775		7336429		102		0.95		3		9		0.85		1.03		1.01		1.02

		6 sampleA		8204750										12		0.84		0.99		0.93		0.96

		6 sampleB		7663650		7934200		111		1.03		6		15		0.85		0.78		0.91		0.84

		9 sampleA		6388350

		9 sampleB		6742575		6565463		91		0.85		9				ugRemC						ugRemE		ugRemNet

		12 sampleA		6815600												18726						19684		958

		12 sampleB		6036000		6425800		90		0.84		12

		15 sampleA		6540975																				ug/day

		15 sampleB		3719400		6540975		91		0.85		15												64

		25gm/100mL A						Concentration from Std																ug/d/U

		Sample (day)		Peak Heighth		Average Peak Heighth		Curve y=71760x		C/Co		Day												0.06

		0 sampleA		8169000

		0 sampleB		7218125		7693563		107		1.00		0

		3 sampleA		7672950

		3 sampleB		7566175		7619563		106		0.99		3												ug/d/gm

		6 sampleA		7844050																				1.65

		6 sampleB		8073962		7959006		111		1.03		6

		9 sampleA		7931375

		9 sampleB		7363625		7647500		107		0.99		9

		12 sampleA		6189850

		12 sampleB		5761300		5975575		83		0.78		12

		15 sampleA		6672275

		15 sampleB		6407950		6540113		91		0.85		15

		25gm/100mL B						Concentration from Std

		Sample (day)		Peak Heighth		Average Peak Heighth		Curve y=71760x		C/Co		Day

		0 sampleA		8169000

		0 sampleB		7218125		7693563		107		1.00		0

		3 sampleA		7474125

		3 sampleB		7877250		7675688		107		1.00		3

		6 sampleA		7831600

		6 sampleB		8351375		8091488		113		1.05		6

		9 sampleA		7523150

		9 sampleB		8052675		7787913		109		1.01		9

		12 sampleA		7479017

		12 sampleB		6876225		7177621		100		0.93		12

		15 sampleA		6627595

		15 sampleB		7349350		6988473		97		0.91		15
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