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Introduction: Microbial biofilms are responsible for the
contamination of food, filters, membranes, and
equipment as well as causing diseases. Thus, these
communities of microorganisms that live attached to a
surface are a risk to human health and cost millions of
dollars in equipment repair and cleaning. A new reliable
decontamination method that does not cause resistance is
needed. Cold plasma or plasma-activated water (PAW)
exhibits powerful disinfectant activity. However, the
optimal generating conditions, such as the choice of gas
used to produce PAW, remain unclear.

Methods: Our study utilizes PAW generated with a
bubble spark discharge (BSD) reactor connected to
different gas sources (argon, nitrogen, oxygen, and
atmospheric air). Biofilms of Escherichia coli that were
grown on stainless-steel surfaces were treated in situ to
optimize the biofilm removal efficacy. Antimicrobial
activity was measured using colony forming units (CFU)
counts, microscopic imaging, and intracellular ROS
measurements. The PAW was characterized by OES,
scavenger assays and electron paramagnetic resonance.

Results: We demonstrate that PAW generated using
oxygen (PAW-0,) is the most effective and can
completely remove E. coli biofilms on stainless steel
surfaces (Fig. 1).
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Fig. 1: Reduction
of E. coli biofilms
using PAW
generated in
argon, nitrogen,
air, and oxygen
assessed by CFU

CFU per coupon

OES measurements support the experimental
observations on the generation of reactive species such
as OH", 0,7, NO", and excited atoms in the gas phase of
BSD plasma, which then leads to the solvation and
diffusion of RONS at the bubble-water interface and

formation of activated water. In the oxygen BSD plasma,
various forms of reactive oxygen species can be
generated including excited oxygen molecular and
atomic species, ions and ozone, superoxide anion
radicals and hydrogen radicals through the interaction
with water or its derivatives such as OH  or HO; [1].
Moreover, for the first time, we show that a short-lived
reactive oxygen species, the superoxide anion radical
(*02-), plays an important role in the inactivation of E.
coli biofilms. Using scavengers and electron
paramagnetic resonance spectra the superoxide anion
radical is detected and shown to cause microbial biofilm
killing (Fig. 2)
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Fig. 2: (I) Superoxide detection using electron paramagnetic
resonance spectra A MQ water control; B. PAW-O, C. PAW-O,
+Tiron. (II) The addition of the superoxide scavenger Tiron
prevents bacterial killing of PAW

Conclusion: The results of our study show that PAW
generating input gas is important for RONS generation.
This has implications for biofilm removal strategies,
including drinking and wastewater pipes, filter, and
membrane cleaning, but also equipment decontamination
and sterilization of food products or medical devices
where conventional disinfection is not suitable [2].
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