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ABSTRACT

Emerging contaminants (ECs) are the latest class of environmental contaminants
which are highly recalcitrant, and toxic and currently lack specific regulatory guidelines. In
the absence of suitable treatment methods against ECs, their concentration is increasing and
has reached a level impacting human health and ecology. Therefore, to mitigate the effect of
ECs, suitable treatment methods are required, and recently, plasma technology has shown
potential for ECs degradation in a sustainable manner. Therefore, this work was conducted to
study the suitability of Dielectric Barrier Discharge (DBD) plasma against ECs treatment
from real wastewater (WW) using three different plasma reactors. Initially, the DBD plasma
feasibility study was performed in a single jet plasma system, and degradation of dyes
Rhodamine B (Rd. B) and Methylene Blue (Met. Blue) was performed. The DBD plasma jet
provided a complete degradation and a 70% mineralization of both dyes in 30 min. The
plasma jet efficiency was then evaluated for pharmaceuticals degradation in real WW, and
90% degradation efficiency was obtained, showing plasma's effectiveness in real
environmental conditions. Then, to evaluate the DBD plasma jet's suitability with the
conventional WW treatment system, a hybrid system consisting of the sequencing batch
reactor (SBR) and DBD plasma jet was developed. The hybrid system with complete removal
of the pharmaceuticals also provided a 50% mineralization, showing the plasma system's
feasibility for real environmental applications. Continuing this, an attempt was made to scale
up the plasma jet system, and a multiarray plasma jet system was developed, but the inter-jet
interactions and high feed gas flow rate (>30 ml/min) requirement affected the uniform
plasma formation. Therefore, improving the plasma systems capacity in the form of MultiJet
was considered unsuitable, especially for its application in WW treatment. The plasma jet
study showed that the limited plasma area is a major limitation for their utilization for

practical purposes, and to overcome this issue, a novel S-shaped neon DBD plasma reactor



was designed in which curved electrodes were used in a linear configuration, providing a flat
filamented plasma spreading entirely over the electrode length and the liquid surface. A low-
cost commercial neon power supply (12 kV and 30 mA) was used, and the plasma generation
capacity was compared with air, argon, and oxygen as the feed gases. The larger plasma area
provided by the neon plasma system enhanced the plasma-liquid interface, thereby improving
the diffusion of reactive species into the bulk liquid. This increased diffusion of reactive
species was anticipated to increase the degradation of contaminants present in the bulk liquid.
However, the removal of surface-active compounds exceeded that of the bulk contaminants
due to the preferential interactions between the surface-active compounds and the reactive
species at the plasma-liquid interface. To better understand the role of surface activity on
contaminants degradation, a comparative study for ECs degradation in neon plasma and
bubble column plasma reactor (BCPR) was performed. BCPR utilizes the gas bubbles for
plasma generation, and the continuous sparging of the gas ensures a high homogenization in
the system. The contaminant's degradation in BCPR provided a linear correlation between the
contaminant's degradation rate (Kobs) and their surface activity (Log Kow) with a preferential
degradation for more surface-active contaminants. The BCPR was more efficient for
contaminants degradation, but when it was operated in real environment conditions using
samples with high initial conductivity and the presence of additional contaminants
(surfactants and organic pollutants), its degradation efficiency reduced, which showed the
limitation of BCPR for real WW treatment. No such issue was present with neon plasma, and
it was also compatible with the conventional wastewater treatment system. Therefore, the
neon plasma system was found to be more suitable for practical application. Finally, to
further validate the neon plasma reactor as an effective advanced WW treatment system, a
risk assessment of plasma-treated samples and an economic assessment of the plasma system

study were performed, and its results also favored neon plasma.
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