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Cold atmospheric plasma (CAP) jets have emerged as a
transformative technology for different biomedical and
industrial applications, whose performance depends on
the type of treated substrate [1], [2]. The study of plasma-
liquid interactions has garnered significant interest within
the scientific community due to its wide-ranging
applications [3], [4]. Advancing these applications and
developing mature technologies requires a deep
understanding of the fundamental science behind plasma-
liquid systems. This study investigates the effects of liquid
conductivity on the discharge properties of bipolar pulsed
CAP jets, utilizing helium and argon as working gases.
The CAP jet is optimized for applied voltage, frequency,
power consumption, and gas flow rate, while optical
emission spectroscopy (OES) is employed to analyze key
plasma properties and reactive species generation. Liquids
with varying conductivity and composition —such as
deionized (DI) water, tap water, wastewater, and seawater
—are examined to understand their influence on plasma
behavior.

Systematic analysis of electro-optical characteristics
including V-I characteristics is conducted. A Collisional
Radiative (CR) model, combined with the Line ratio
method and deviation parameter (A), is used to extract
electron temperature (T.) and electron density (n.) from
the emission spectra, supported by cross-section data from
Open-ADAS [5]. Additionally, plasma treated liquid
properties, including nitrite, nitrate, hydrogen peroxide
concentration, pH, conductivity, and OH concentration,
are analyzed to evaluate the impact of CAP jet treatment.

The results demonstrate that liquid conductivity plays a
significant role in discharge behavior. Specifically, higher
conductivity leads to a reduction in electron temperature
(Te), an increase in electron density (n.), and enhanced
generation of reactive species. In helium plasma jets,
however, the effect of liquid conductivity is less
pronounced. Spectroscopic analysis reveals variations in
the intensity of key species, such as OH, N, and O, which
are crucial for different applications. These findings offer
valuable insights into optimizing the parameters of CAP
jets, especially in contexts where interaction with
conductive liquids is unavoidable. Conductivity emerges

as a critical factor across different media, and since many
biomedical targets contain high water content,
understanding CAP jet interactions with liquid targets is
essential for comprehending complex plasma-tissue
interactions. This work advances our understanding of
plasma-liquid interactions and lays the groundwork for
tailored plasma treatments in biomedical, environmental,
and materials processing applications.
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