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Surface water and environmental resources are susceptible to contamination by chemical warfare agents (CWAs) due to their potential
use in terrorist acts. Organophosphate-based CWAs are among the most dangerous within the chemical threat space due to their high
toxicity. Though organophosphates can be hydrolyzed by water, their degradation kinetics is limited by their low aqueous solubility in
contaminated surface water in natural environments. Reactive oxygen species realized in non-thermal plasma-treated aqueous solutions
have been demonstrated to be effective in the degradation of organic contaminants including pharmaceutical residues and perfluoroalkyl
substances in contaminated water. However, their field applications are limited because of the inadequate efficacy of typical plasma jets
and similar reactor designs or the requirement of noble gas in these demonstrations.

In this presentation, we report the efficacy of falling-film plasma reactors (FFPR) for destroying fenitrothion, an insecticide and a simulant
for the nerve agents GB and GD. Our rationale for studying FFPR is that this type of dielectric barrier discharge reactor over a thin film
has extremely high efficiency for oxidation processes over other configurations. Additionally, their robust design essentially mitigates the
adverse effects of many variables, such as solution conductivity and overall discharge stability without the use of noble gases. In our
study, the reactions between the atmospheric plasma with the water film on the reactor electrodes were observed to have high
production rates of reactive oxygen species, especially hydroxyl radicals, and hence effective oxidation of fenitrothion and subsequent
reaction by-products. The plasma-assisted destruction of aqueous fenitrothion of concentrations at and below 30 ppm was observed to
follow exponential kinetics and had a destruction removal efficiency of up to 95% within 60 minutes. The concentrations of four identified
transient intermediate products were observed to rise at the beginning of the reaction and then follow exponential decay kinetics.
Quantum chemical computation showed that hydroxyl radicals likely reacted with fenitrothion through three major pathways via hydroxyl
radical attack at the phosphorus atom, hydrogen abstraction by hydroxyl radicals at the methoxy groups on the phosphorus atom, or the
methyl group on the nitrophenol ring of fenitrothion molecules. Lastly, our current pen-size reactor was demonstrated to chemically
neutralize a 50 mL mixture of 1:1 fenitrothion: water at a rate of 5 mL per hour. These preliminary results indicate that, with further
advancements, this type of reactor design has the potential to mitigate field forwarding bulk chemical threats, including CWAs, PBAs,
TICs/TIMs, PFAs, and toxins, with its low SWaP-C design.

We thank the funding support from the Nebraska Research Initiative through the National Strategic Research Institute (NSRI) independent research and
development (IRAD) program. We are grateful for the helpful computation input from Drs. Zoulikha Charifi and Ahmad Telfah. The quantum chemical
calculations were performed with the resources at the Holland Computing Center of the University of Nebraska, which receives support from the
Nebraska Research Initiative. The chemical analysis was performed in part at the facility of the Nebraska Center for Integrated Biomolecular
Communication (NCIBC), which is a COBRE funded through the grant P20 GM113126, NIGMS. The Waters Xevo G2-XS QToF analysis was partially
supported by the NCIBC Systems Biology Core (NIH NIGMS P20 GM113126).

Not Applicable.
This abstract has not been published. However, most of the abstract materials were rewritten using the content in our previous publications in the
Chemical Engineering Journal. The citation for the publication is: “Degradation of fenitrothion by a falling-film plasma reactor” M.R. Winburn, E.L. De
Leon, K.L. Schuelke, W.-N. Mei, H. Li, and C.L. Cheung. Chem. Eng. J., 486, 150237 (2024). DOI: 10.1016/j.cej.2024.150237.

Approved for public release; distribution is unlimited.




