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The objective of this research is to develop a methodology to monitor the major dissolved gases in groundwater which are indicative of key metabolic processes including respiration (CO2), methanogenesis (CH4 and CO), hydrogen production (H2), denitrification (N2O and N2), and oxygen consumption (O2).  Such metabolic gases occur coincident with contaminant availability changes such as uranium reduction. An in situ passive sampling and gas chromatographic protocol was developed for analysis of the major and several minor fixed gases in groundwater.  A gas-tight syringe, mated to a short length of silicone tubing, was equilibrated with dissolved gases by immersing in groundwater and then used to transport and to inject a 0.5 mL gas sample into a gas chromatograph.  Using argon carrier gas, a HayeSep DB porous polymer phase, and sequential thermal conductivity and reductive gas detectors allowed good sensitivity for He, Ne, H2, N2, O2, CO, CH4, CO2, and N2O.  Within 4 days of immersion in groundwater, passive samplers, when initially filled with either He or air, attained the same and constant gas composition at Oak Ridge Field Research Center site in an area heavily impacted by uranium, acidity, and nitrate. Between June 2006 and July 2007, 12 permanent groundwater wells were used to test the passive samplers in groundwater contaminated by a group of four closed radioactive wastewater seepage ponds. Over a thousand passive gas samples from these wells averaged 56% CO2, 32.4% N2, 2.6% O2, 2.6% N2O, 0.21% CH4, 0.093% H2, and 0.025% CO with an average recovery of 95 ± 14% of the injected volume.  In addition to the direct evidence for denitrification (N2O) and methanogenesis (CH4) offered by the abundances of these gases, their isotopic composition is being measured to determine their mechanism(s) of generation.  For example, the isotopic composition of H2 dissolved in two groundwater samples, impacted by the closed S3 storage ponds, was measured at δ2H = -586 and -536 ‰.  Such isotopic composition is consistent with a radiolytic, rather than a microbial, origin for H2.  In contrast, the δ13C and δ2H of the methane gas is consistent with its microbial origin.  Further measurements of the isotopic composition of various dissolved gases are ongoing.
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