Persistent organic contaminants such as 1,4-dioxane are difficult to remove using conventional biological wastewater treatment and can require energy-intensive advanced oxidation processes (AOPs) for degradation. Gas-liquid nonthermal plasma (NTP) can rapidly initiate the degradation of these contaminants and has the potential to achieve complete mineralization. However, continued plasma treatment of the smaller organic intermediates formed during degradation requires additional electrical energy. Coupling NTP with biological treatment provides a way to use plasma for the initial degradation of the persistent parent contaminant while microorganisms remove the more biodegradable products that are formed. This dissertation evaluated whether engineered Pseudomonas putida (P. putida) could remain viable and functional post-plasma exposure and could contribute to the removal of plasma generated intermediates in situ during treatment of 1,4-dioxane. 
The ability of P. putida to remove H2O2 and formic acid was first evaluated under controlled conditions. Engineered P. putida strains decreased initial 100 mM H2O2 concentrations by more than 50% within 1 minute, with concentrations approaching zero within approximately 3 minutes. Similar removal was maintained in plasma-treated water (PTW) containing approximately 8 mM H2O2. Formic acid was also rapidly degraded by all strains, with an initial concentration of approximately 50 mg/L decreasing to approximately 5-14 mg/L within 6 minutes. Direct NTP exposure caused substantial cellular stress, but approximately 26-41% of the cell population remained viable immediately following treatment across the strains tested. Passage through the reactor with the plasma off did not increase the membrane-damaged or dead populations, indicating that the observed loss in viability was associated with plasma exposure rather than reactor transit. The surviving cells were then evaluated for post-exposure growth and metabolic functionality. The cells recovered and resumed growth over a 20-hour period. Constitutive and inducible plasmid-encoded GFP expression was also maintained following plasma exposure, demonstrating that the surviving population retained engineered cellular function. 
P. putida was further engineered with constitutive and inducible expression of a heterologous formate dehydrogenase (BsFDH). BsFDH expression did not consistently improve formic acid degradation under controlled conditions at initial concentration of either 50 or 150 mg/L. However, a different response was observed during coupled NTP treatment of 1,4-dioxane. NTP removed approximately 91-95% of 1,4-dioxane across all treatment groups when the removal was calculated relative to the Transit Plasma Off concentration to account for loss into the gas-phase during reactor transit. Plasma treatment resulted in the generation of 17.6 mg/L of formic in the absence of cells, compared with 9.84 mg/L in the presence of the control strain NCC3. Formic acid concentrations were further decreased to 3.30 mg/L with the constitutive BsFDH expression strain EBC17, and to 2.60 mg/L with the induced BsFDH expression strain EBC18, while 12.8 mg/L remained with the non-induced BsFDH expression strain EBC18. After normalizing formic acid removal to the amount of 1,4-dioxane degraded by NTP, NCC3 degraded approximately 40% of the formic acid expected to be present based on the No Cells Control. Formic acid degradation was further enhanced by the BsFDH-expressing strains. EBC17 and induced EBC18 degraded approximately 79% and 84%, respectively, of the expected formic acid based on the No Cells Control.  In comparison, non-induced EBC18 degraded approximately 23% of the formic acid expected to be present based on the No Cells Control and was not significantly different from NCC3 after normalization.
Overall, this work demonstrates that engineered P. putida can survive direct exposure to gas-liquid NTP, recover following treatment, retain plasmid-encoded function, and contribute to the in situ removal of formic acid generated during 1,4-dioxane degradation. Taken together, these findings underscore the potential of plasma-bioreactor integration as a sustainable and effective approach for wastewater treatment. By leveraging plasma-driven oxidation to initialize the breakdown of recalcitrant organic pollutants and utilizing engineered bacteria to further metabolize the intermediate compounds, this hybrid strategy offers a cost-efficient and promising pathway for addressing contaminants that resist conventional bioremediation.
