
Plasma Processes and Polymers

REVIEW

“Production and Chemical Composition of Plasma
Activated Water: A Systematic Review and Meta‐
Analysis”
Roberto Montalbetti1 | Zdenko Machala2 | Matteo Gherardi1,3 | Romolo Laurita1,4

1Department of Industrial Engineering, Alma Mater Studiorum—University of Bologna, Bologna, Italy | 2Division of Environmental Physics, Faculty of

Mathematics, Physics and Informatics, Comenius University Bratislava, Bratislava, Slovakia | 3Interdepartmental Centre for Industrial Research Advanced

Mechanical Engineering Applications and Materials Technology, Alma Mater Studiorum—University of Bologna, Bologna, Italy | 4Interdepartmental Centre

for Industrial Research Health Sciences and Technologies, Alma Mater Studiorum—University of Bologna, Bologna, Italy

Correspondence: Romolo Laurita (romolo.laurita@unibo.it)

Received: 17 October 2024 | Revised: 4 December 2024 | Accepted: 6 December 2024

Funding: This work was funded by the EU NextGenerationEU through the Recovery and Resilience Plan for Slovakia under Project No. 09I03‐03‐V03‐00033
EnvAdwice. This work was funded by the EU NextGenerationEU through the Recovery and Resilience Plan for Italy under the project “PAAFOOD Plasma
activated aerosol for the preservation and decontamination of fresh and minimally processed plant foods”, No. 2022W43KHF_002 – CUP J53D23010480001.

Keywords: CAP sources | cold atmospheric plasma (CAP) | PAW chemistry | plasma activated water (PAW) | reactive oxygen and nitrogen species (RONS)

ABSTRACT
The physio‐chemical interplay between cold atmospheric plasma (CAP) and water confers unique chemical and biological

properties to the liquid, producing plasma‐activated water (PAW). This review systematically examines various methodologies

for PAW production, focusing on the effects of process parameters on reactive oxygen and nitrogen species (RONS) concen-

tration and pH levels in PAW. It presents detailed analyses of CAP sources, working gases, and treatment conditions, show-

casing their impact on PAW processes. The extracted data are reprocessed to derive parameters such as mean energy density

and RONS production efficiency. Specific plasma‐water configurations exhibit notably higher production rates, indicating

promising opportunities for advancing PAW generation techniques and enhancing its applicability in various fields.

1 | Introduction

The production and use of plasma‐activated water (PAW) is a
pivotal topic in plasma science and technology. The interaction
between cold atmospheric plasma (CAP) and water modifies
the liquid chemical properties through the production of
reactive oxygen and nitrogen species (RONS) [1–9]. Even if the
mechanisms behind the RONS production in PAW involve
complex interactions between plasma and water, leading to the
formation of both short‐lived and long‐lived reactive species,
the scientific community generally classify dissolved RONS
into two macro groups: long‐lived species such as hydrogen
peroxide (H2O2), nitrites (NO2

−), nitrates (NO3
−), ozone (O3),

and short‐lived species such as hydroxyl radicals (OH·), nitric

oxide (NO), superoxide (O2
−), and peroxynitrous acid

(ONOOH). The mechanisms of their formation, chemical
reactions, and transport can be found in detail in [1, 10–13].
The RONS endow PAW with unique biological properties
[14–17], making it efficacious not only in medical treatments
such as wound healing and cancer treatment [18–27], but also
in agriculture processes, from seed germination to crop pro-
tection [28–35]. Additionally, PAW is effective in food proces-
sing, significantly enhancing food safety and extending product
shelf life [36–43]. Moreover, scientific literature describes the
use of PAW in materials processing, materials synthesis, and
analytical chemistry [44–49]. The growing interest in PAW has
propelled the innovation of new CAP‐water processes capable
of treating large volumes producing high concentrations of
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dissolved RONS. Each process parameter of PAW production,
including CAP sources (Figure 1), working gas, treated liquid
and volume, treatment time, and type of the power supply,
specifically affects the treatment outcomes, such as discharge
power, RONS concentrations, and pH values. Despite the
growing interest of the scientific community, several facets
related to PAW still necessitate more comprehensive studies.
The chemical–physical interplay between plasma and water
and how process parameters affect the pH level and concen-
tration of dissolved RONS still require deeper investigation.
This systematic review aims to provide an overview of the
different CAP sources above liquid and process parameters
reported in the literature to produce PAW and to investigate
how the process parameters influence the induced chemistry in
liquid. The meta‐analysis focuses on the mean energy density
of the plasma‐water treatment [kWh/L] and the RONS pro-
duction efficiency [mol/kWh].

2 | Methodology

2.1 | Review Strategy

This report was prepared following the PRISMA 2020 checklist
and the guidelines outlined in the PRISMA statement include
explanations and elaborations [50].

The identification process (Figure 2) for relevant papers begins with
searches in the online Scopus andWeb of Science (WOS) databases.
The period starts at the beginning of 2017 and ends at the end of
2023; all papers published before or after this period were not
considered. The selected keywords were “plasma‐activated water”
OR “plasma activated water” OR “plasma‐treated water” OR
“plasma treated water” OR “Plasma‐functionalized water” OR
“Plasma functionalized water.” The search included papers and
reviews, but the latter are not analyzed in this study.

FIGURE 1 | Plasma‐source for PAW treatment. (A): Corona source. (B): Plasma‐jet source. (C): Gliding arc source. (D): Dielectric barrier

discharge source.
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2.2 | Inclusion and Exclusion Criteria

Papers included in the analysis must fulfill the following spe-
cific criteria:

• The record must report PAW treatment process parameters,
including treated water, working gas and flow rate, CAP
source, applied voltage, frequency, current, and power supply.

• The record must contain at least two data related to: treated
water and volume, working gas and flow rate, CAP source,
and treatment time.

• The record must present at least two of the following
results: H2O2 concentration, NO2

− concentration, NO3
−

concentration, pH, and power discharge.

All records that did not meet the criteria were discarded. In
addition, in the case of papers reporting more than one PAW
treatment, only one was selected according to the following
inclusion criteria:

• If the record reports multiple experiments based on the
following criteria: working gas and gas flow rate, treat-
ment time, and discharge power, the experiment
resulting in the highest concentrations of RONS was
selected.

• If the record reports multiple experiments based on the
treated liquid, the experiment with tap water treatment was
selected.

• If the record reports a variation of two or more of
the previously mentioned experiment variables, the
experiment involving air or tap water was selected (with
a bias toward those with the highest concentrations
of RONS).

CAP sources are classified as follows:

• Corona discharge: utilizes sharp high voltage electrodes
[51]. This includes variants such as corona multi‐pin,

corona pin‐to‐plate, streamers and streamer‐to‐spark tran-
sition discharges [13, 52].

• DBD (Dielectric barrier discharge): involves BDa high
voltage and a grounded electrode with at least one dielectric
layer in the interelectrode gap [53].

• Plasma jet: features a high voltage wire electrode placed
inside a dielectric tube with a working gas flowing
through it [54].

• sDBD (surface Dielectric Barrier discharge): comprises a
high voltage electrode positioned on a dielectric surface
with a corresponding grounded electrode on the reverse
side of the dielectric material [55].

• Gliding arc: composed of two tilted electrodes, with or
without dielectric material, and a working gas flowing
through the electrodes [56].

Microsoft Excel is used to create a database to assess the meta‐
analysis. Upon completing the Inclusion process, about 4000
data were processed for meta‐analysis.

3 | Results

3.1 | Literature Overview

The geographical and temporal distribution of the screened
papers were analyzed. Figure 3 describes the number of papers
and reviews published between 2017 and 2023. Despite the
moderate initial number of publications in the first 2 years,
there is a remarkable increase between 2020 and 2023. This
underlined the extending prominence of PAW processes and
led to the global expansion of PAW‐related papers (as illustrated
in Figure 4). The Asian continent is predominant (total 48%;
China 22%, India 5%, and Japan 3%). Europe emerges as
the second most significant region in terms of contributors
(total 29%; Italy 6%, Slovakia 5%, and Germany 3%), followed by
America (total 12%; USA 8% and Canada 3%), and Oceania
(total 10%; 6% Australia).

FIGURE 2 | Review strategy summary.
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3.2 | Methods for the Production of PAW

The following charts (Figures 5–7) report the annual number of
papers published between 2017 and 2023, classified by the CAP
source, working gas, and typology of the power supply used for
PAW production.

Figure 5 depicts the CAP sources most widely used over
the years. The most utilized is the plasma jet (47%),
succeeded by the DBD at 24% and the corona discharge
at 16%. CAP sources such as gliding arc and sDBD each
contribute 7%.

Figure 6 reports the most employed working gas for PAW
production, with air being prevalent (65%), despite biases
induced by the inclusion criteria influencing this prefer-
ence. Other frequently used gases are Ar (14%), N2 (6%), and

FIGURE 3 | Yearly distribution of the screened papers.

FIGURE 4 | Geographic distribution of the screened papers.

FIGURE 5 | Yearly distribution of CAP sources used for PAW

production.

FIGURE 6 | Yearly distribution of the working gas used for PAW

production.
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FIGURE 7 | Yearly distribution of the used waveform generated by

power supply used for PAW production.

FIGURE 8 | Influence of the type of water on concentrations of RONS (H2O2, NO2
−, NO3

−), produced with plasma jet CAP source. The black line

represents the median.

He (5%). Mixtures of different gases (e.g., Ar + O2, O2 + N2,
He + air) are used and were classified as “Other” (6%).

Figure 7 presents the typologies of power supplies used for CAP
generation. Sinusoidal voltage (in kHz frequency range) and
microsecond or nanosecond pulsed voltages are the most
commonly utilized waveforms generated by power supplies,
accounting for 44% and 39%, respectively. Other power supplies
produce waveforms such as microwave (4%), bi‐polar (5%), and
radiofrequency (7%).

3.3 | Influence of the Type of Water and Plasma
Source on RONS Concentration

PAW production involves various types of water derived through
different chemical and physical procedures such as distillation,
deionization, tap water production, and reverse osmosis. Deionized
water is the most commonly used, accounting for 40% of the total,
followed by distilled water 34%. Recent years exhibit an increase in
tap water use, constituting 10% of the liquids used in PAW pro-
cesses. Other types of treated water, such as ultrapure water (7%)
and reverse osmosis water (2%), are also employed in PAW pro-
duction. Figures 8–10 illustrate the concentrations of the most
typical long‐lived RONS (H2O2, NO2

−, NO3
−) produced in PAW by

treating different types of water using various CAP sources. To
emphasize the difference between buffered and non‐buffered li-
quids, water types are classified as pure (including distilled water,
de‐ionized water, ultrapure water, reverse osmosis water) and tap
water. The plasma sources depicted are plasma jets, DBDs, and
corona discharges (excluding gliding arc due to a lack of data). In
Figure 11, the median of the concentration of long‐lived RONS is
reported. The analysis of H2O2 concentrations (Figure 11) indicates
that plasma jets can produce the highest median concentrations
either in pure or tap water, succeeded by DBDs and corona dis-
charges. Pure water results in significantly higher H2O2 median
concentrations than tap water, regardless the CAP source utilized
within the treatment. Regarding NO2

− concentrations (Figure 11),
plasma jets again provide the highest median concentrations, fol-
lowed by DBDs and corona discharges. The reported median of
NO2

− concentrations produced using plasma jet and DBD are
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higher when treating tap water than pure one. In contrast, corona
discharge exhibits almost the same median value, indecently from
the used water. The data related to NO3

− concentrations (Figure 11)
confirm the previously observed trend, wherein the plasma jets
have the highest median NO3

− concentrations. In this instance, the
corona discharge and plasma jet sources produce higher median
concentrations when treating tap water than pure water. Notably,
nitrate concentrations in tap water can be affected by the presence
of nitrates in the untreated water itself.

3.4 | Influence of Type of Water, Volume, and
Plasma Sources on RONS Concentration

Figures 12–14 illustrate the correlation between the volume (in
liters) and concentrations (mg/L) of H2O2, NO2

−, and NO3
− in

pure and tap water treated using CAP sources. Figure 12A
depicts the H2O2 concentration distribution in pure water. Few
papers report a treated volume higher than 0.5 L; only those
under 0.25 L reach the highest concentrations (200 mg/L).
Conversely, in tap water (Figure 12B), H2O2 concentrations are
markedly lower, with maximum values of 28mg/L.

Figure 13A displays NO2
− concentrations; almost all the papers

report treated volumes lower than 0.5 L, and exclusively, treated
volumes below 0.4 L report the highest concentrations
(230 mg/L). In this instance, the plasma jet and gliding arc yield
the highest concentrations. NO2

− concentrations in tap water

(Figure 13B) are lower than in pure water, with many papers
reporting concentrations below 50mg/L.

NO3
− concentrations in pure water (Figure 14A) reveal a wide

distribution across different CAP sources. As reported for NO2
−

and H2O2, also in this case, the major part of the paper reports
treated volumes below 0.5 L, and those under 0.25 L secure the
highest concentrations (500 mg/L) of nitrate, achieved with
plasma jet and gliding arc. Figure 14B depicts NO3

− concen-
trations in tap water, showing similar maximum values to those
in pure water. These graphs demonstrate the differential impact
of various cold plasma sources on generating RONS in pure
versus tap water, highlighting the influence of the treated vol-
ume on the concentration of different RONS.

3.5 | Influence of the Type of Water, Gas, and
Plasma Sources on pH Value

Figure 15 reports the pH values of pure and tap water treated with
multiple working gases and subjected to plasma jet, DBD, and
corona discharge CAP sources (excluding gliding arc due to a lack
of data, only 15 papers). Plasma jet treatments in pure water
(Figure 15A) lead to lower median pH levels than tap water,
regardless of the processed gas. Air leads to the highest acidification
potential (median pH=3), succeeded by argon (median pH=3.9),
helium (median pH=4.2), and nitrogen (median pH=5). The
median pH related to plasma jet tap water treatments is higher than
that of pure water, which is nearer to neutral levels. Indeed, all

FIGURE 9 | Influence of the type of water on concentrations of RONS (H2O2, NO2
−, NO3

−), produced with DBD CAP source. The black line

represents the median.
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median pH values fall within 6 and 7.5 when treating tap water due
to weak carbonate buffering capacity in tap water. Figure 15B
hinders a comprehensive assessment of the pH induced by DBD
treatment of water. DBD generated in air induces higher pure and
tap water acidification than air plasma jet treatments. Figure 15C

shows pH values observed after pure and tap water corona dis-
charge treatments. For pure water, air leads to the highest level of
acidification, with a median pH of 3, indicating a strong acidic
environment. Argon‐treated water follows, with a median pH of 3.9,
suggesting a slightly less acidic outcome. Helium and nitrogen PAW

FIGURE 10 | Influence of the type of water on concentrations of RONS (H2O2, NO2
−, NO3

−), produced by corona discharge CAP source. The

black line represents the median.

FIGURE 11 | Median value of concentrations of RONS (H2O2, NO2
−, NO3

−), produced by DBD, plasma jet, and corona discharge in pure (A) or

tap (B) water.
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treatment report median pH of 4.2 and 5, which is still acidic but
less than the other gases mentioned. In contrast, treatments per-
formed on tap water result in pH values that are closer to neutral
values.

3.6 | Correlation Between Quantity and
Concentrations of RONS Depending on CAP Source
and Type of Water

Figures 16–18 show a comparative analysis of the quantities
(mg) and concentrations (mg/L) of H2O2, NO2

−, and NO3
−

measured after various plasma‐water treatment methods. Each

chart features two dashed lines representing the mean values of
the reported parameters, dividing the plots into four quadrants.

Figure 16A presents the quantities of H2O2 in pure water. Data
points from all CAP sources fall within the quadrant characterized
by below‐average values in both quantity and concentration. The
highest H2O2 concentrations are equally found in the upper and
bottom right quadrants, highlighting the highest quantities related
to the highest reported concentrations. Notably, corona discharge
and plasma jet treatments reveal the highest H2O2 quantities.

Figure 17A presents the quantities and concentrations of NO2
−.

Data points cluster in the quadrant denoted by below‐average

FIGURE 12 | Influence of treated volume and CAP source on H2O2 concentration in pure (A) and tap (B) water.

FIGURE 13 | Influence of treated volume and CAP source on NO2
− concentration in pure (A) and tap (B) water.

8 of 17 Plasma Processes and Polymers, 2024

 16128869, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ppap.202400249 by C

ochrane Slovakia, W
iley O

nline L
ibrary on [30/12/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



values for quantity and concentration. The highest nitrite concen-
trations occur below the average quantities, although many cases
are reported where above‐average concentrations correspond to
above‐average quantities. Plasma jet treatments produce the highest
NO2

− quantities, while DBD treatments provide the lowest con-
centrations compared to the other CAP sources.

The analysis of NO3
− quantities in pure water (Figure 18A) shows

that the data set is mainly grouped below the average quantities,
regardless of the CAP source. The highest NO3

− concentrations are
seldom observed above the mean quantity values. Plasma jet pro-
vides the highest NO3

− quantities. Contrary to NO2
− observations,

the DBD is significantly represented in the fourth quadrant, em-
phasizing the production of above NO3

− mean concentrations.

Figures 16B, 17B, and 18B depict the RONS quantities treating
tap water. H2O2 quantities in tap water (Figure 16B) reveal a
marked reduction in the mean production across all CAP
sources compared to pure water treatment. The plasma jet
shows a slight advantage in producing H2O2, although its mean
production is reduced compared to pure water. The NO2

− mean
quantity in tap water (Figure 17B) is higher (9 mg) than in pure
water treatment (5 mg). The plasma jet induces relatively higher
NO2

− concentrations than other sources, although its efficacy is
lower than in pure water. Figure 18B illustrates the quantities
and concentrations of NO3

− in tap water. Despite the reduction
in mean concentrations compared to pure water, the average
quantity remains similar to that in pure water. Plasma jet and
corona discharge produce the highest quantities of RONS.

3.7 | Correlation Between the Mean Energy
Density and Concentration of RONS Depending on
the Type of Plasma Source

Figures 19–21 present a detailed analysis of the mean energy density
(kWh/L) delivered in the PAW production process using multiple

CAP sources: plasma jet, DBD, corona, and gliding arc. Each scatter
plot displays the concentration of H2O2, NO2

− and NO3
− versus the

mean energy density, with performance boundaries for each source
highlighted by dashed boxes.

Figure 19 displays the concentration of hydrogen peroxide
against mean energy density. The DBD and plasma jet exhibit
the broadest range of mean energy densities, but only the DBD
reaches the highest concentrations. The corona discharge
operates within a more limited density range and results in
lower concentrations than DBD. The plasma jet and gliding arc
require among the highest energy densities, even if the H2O2

concentrations are limited.

Figure 20 reports the concentration of nitrites versus the mean
energy density. The DBD produces significant NO2

− concen-
trations using a broad range of high energy density values.
While capable of reaching high concentrations, the gliding arc
and plasma jet reveal lower energy densities than the DBD. The
plasma jet shows moderate mean energy values and is con-
strained within lower concentrations than DBD and gliding arc.

Figure 21 illustrates the concentrations of nitrates and mean energy
density. The plasma jet and DBD provided the highest NO3

− con-
centrations, but only DBD is associated with the highest mean
energy density value. The plasma jets operate within a lower energy
density range than the DBD but exhibit similar maximum con-
centrations. Corona discharge and gliding arc show lower concen-
trations than DBD and plasma jet, with lower mean energy density
than DBD. These graphs highlight the varying efficiencies of plasma
treatment methods in producing RONS in pure water. The DBD is
the most versatile and capable of operating across a wide range of
mean energy densities and can produce the highest concentration of
hydrogen peroxides, nitrites, and nitrates. Although each treatment
exhibits distinct average energy densities and RONS concentrations,
they all share treated volumes characteristic of laboratory scales
(below 0.5 L). The highest mean energy densities in each graph are

FIGURE 14 | Influence of treated volume and CAP source on NO3
− concentration in pure (A) and tap (B) water.
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FIGURE 15 | Influence of type of water and working gas on pH value using plasma jet (A), DBD (B), and corona (C) source. The black line

represents the median.
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related to Park et al. [57]. This article shows a PAW treatment based
on a DBD source, treating 3mL of distilled water for 10min. The
recorded discharge power is 61W, and the final pH of the treated
liquid is 3.5. The reported concentrations of H2O2, NO2

− and NO3
−

are 34, 240, and 60mg/L. Although this paper presents the highest
mean energy density among those analyzed, it only corresponds to
the highest concentrations in the case of nitrites. Rathore et al. [58]
report the highest concentrations of hydrogen peroxides, with a
DBD source employed to treat 20mL of distilled water for 15min at
a discharge power of 30W, inducing a hydrogen peroxide concen-
tration of 103mg/L. Finally, Miranda et al. [59] report the highest

concentrations of nitrates. In this study, the PAW process utilized a
DBD source to treat 25mL of distilled water for 10min, with a final
nitrate concentration equal to 500mg/L.

3.8 | Influence of Type of Water and Plasma
Source on the Efficiency of RONS Production

Since the energy spent to generate plasma is used to produce
various species, among which the long‐lived ones are hydrogen
peroxide, nitrites, and nitrates, an important parameter to

FIGURE 16 | Correlation between quantity and concentration of H2O2 in pure (A) and tap (B) water (right) depending on the type of CAP

source. Dashed lines represent the mean values.

FIGURE 17 | Correlation between quantity and concentration of NO2
− in pure (A) and tap (B) water, depending on the type of CAP source.

Dashed lines represent the mean values.
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compare the processes, especially for potential industrial scale‐
up, is the efficiency of RONS production. This parameter has
been calculated by dividing the molar amounts of hydrogen
peroxide, nitrites, and nitrates by the energy consumption.
Figure 22 illustrates the efficiency of RONS production in pure
and tap water. Figure 22A reports the efficiency of RONS

production in pure water, covering a broader range of efficiency
values than tap water. The highest efficiencies result close to
1mol/kWh, and are related to the studies of Xu [60] using a
plasma jet for the treatment of 3 mL of pure water, and Bălan
[61], where 300mL of distilled water are exposed to a gliding
arc for 10min. However, many studies report much lower

FIGURE 18 | Correlation between quantity and concentration of NO3
− in pure (A) and tap (B) water, depending on the type of CAP source.

Dashed lines represent the mean values.

FIGURE 19 | Correlation between mean energy density and concentration of H2O2 in pure water, depending on the type of plasma source. Black

dashed lines represent the mean values.
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FIGURE 20 | Correlation between mean energy density and concentration of NO2
− in pure water, depending on the type of plasma source. Black

dashed lines represent the mean values.

FIGURE 21 | Correlation between mean energy density and concentration of NO3
− in pure water, depending on the type of plasma source.

Dashed lines represent the mean values.
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efficiencies, clustering around 0.01–0.1mol/kWh. Figure 22B fo-
cuses on RONS production efficiency in tap water; the efficiency
values vary significantly among the studies, spanning from
approximately 0.001 to 1mol/kWh. Notably, the study by Xiao et al.
[62] reports a DBD treatment of 1 l of tap water for 1 h, resulting in
the highest efficiency among the analyzed paper dealing with

plasma treatments of TAP water, about 1mol/kWh. Figure 22
reveals that the efficiency of RONS production in pure water tends
to be higher than in tap water. The top‐performing studies in both
water types achieve similar maximum efficiencies, indicating that
high RONS production efficiency is achievable in both water media
with optimized conditions.

FIGURE 22 | Efficiency of RONS production in pure (A) and tap (B) water. The vertical line represents the median.
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4 | Conclusions

This systematic review highlights the various methodologies evi-
denced within the PAW production reported in 358 original studies
from 2017 to 2023. The presented study systematically correlates the
plasma‐water process parameters with the pH levels and RONS
concentrations in PAW and reports results concerning the average
energy density and the efficiency of RONS production.

Examining multiple CAP sources, particularly the plasma jets,
DBDs, and corona discharges, underlines their distinct influences
on RONS production. Figures 16–18 demonstrate that the plasma
jet produces among the highest average quantities of RONS in pure
and tap water, although the treated volumes are predominantly on
a laboratory scale. Our findings suggest that despite specific meth-
ods permitting high RONS concentrations, the overall efficiency of
RONS production is generally low, with most values reported by the
studies below 0.1mol/kWh, as demonstrated in Figure 22. A critical
remark concerns the energy densities. It is worth noting that the
heat capacity of water is 4182 J/kg·K; thus, processes in which the
average energy density exceeds 334.6 J/mL, i.e., 0.093 kWh/L, if
entirely transferred to the water, can cause an increase of ~80K in
the water temperature, leading to its boiling. This must be con-
sidered in the analysis of industrial development of PAW produc-
tion processes. In addition, it should be considered that efficiency
does not reflect the actual plant costs, as auxiliary systems for
control or cooling of the sources may be necessary when working
with large‐scale plants. Particularly in the context of scaling up
processes, a comprehensive assessment of both capital (mainly
related to high power supplies) and operational costs will need to be
considered in order to make plasma‐assisted liquid production
feasible for industrial processes.

Despite significant challenges in improving the efficiency of PAW
production, which is essential for its practical applications, the
potential of PAW remains considerable. Specific treatments have
demonstrated high RONS production rates, indicating that more
efficient PAW production methods can be developed with targeted
research and optimization. This review advances our understanding
of PAW processes and mechanisms and sets the groundwork for
future research to improve RONS production efficiency. By identi-
fying key factors that influence the efficacy of PAW, our work
provides a valuable framework for comparing future PAW pro-
duction systems with the literature‐reported ones.
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