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Abstract— Objective: Nonthermal plasma at atmospheric con-
dition using dielectric barrier discharge (DBD) is reported to be
useful in many applications. Here, we have developed a strategy
to generate nonthermal atmospheric plasma (NTAP) at ambient
conditions for potential biomedical applications. Methods: We
have explored the active ingredients of the nonthermal plasma
using atomic emission spectroscopy. The potential mechanism
of the generation of reactive oxygen species (ROS) and reactive
nitrogen species (RNS) from the generated plasma for therapeutic
use has been demonstrated. Major results: The antimicrobial effi-
cacy of the nonthermal plasma application to model Staphylococ-
cus aureus and Candida albicans biofilms has been investigated.
Our detailed electron microscopic studies followed by biochemical
investigation reveal the mechanism of bacterial/fungal deactiva-
tion process. The nuclear magnetic resonance (NMR) studies on
the live cell of C. albicans before and after NTAP treatment
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clearly conclude the disruption of cellular envelope leading to
necrosis as evidenced by fluorescence-assisted cell sorting (FACS)
studies. Conclusions: The proposed NTAP setup may find rele-
vance in novel strategies in bacterial and fungal biofilm destruc-
tion in the future development of nonfluid hand sanitization.

Index Terms— Antibiofilm effects, cancer therapeutics, dielec-
tric breakdown, nonthermal atmospheric plasma (NTAP), reac-
tive oxygen species (ROS) and reactive nitrogen species (RNS),
water electrode.

I. INTRODUCTION

ANTIBIOTICS are the main source of therapy against
various microorganisms. However, excessive and uncon-

trolled use of antibiotics has led to the emergence of various
multidrug-resistant strains of microorganisms [1]. Therefore,
to find alternatives for existing antibiotics is of paramount
importance [2]. Nonthermal atmospheric plasma (NTAP)
promises to be a very suitable alternative method of con-
ventional topical medication of a variety of drug-resistant
microbial organisms [3]. NTAP in the biological field has
various medical applications like sterilization, blood coag-
ulation, bacterial inactivation, and cancer therapy [4]. The
essential advantages of NTAP in biomedical applications
include selectivity, targeted activity, and minimal damage to
the surrounding living tissues of the target area [5]. It is
known that NTAP-induced treatment employs reactive oxygen
species (ROS) and reactive nitrogen species (RNS) that are
formed during the dielectric barrier discharge (DBD) [6]
leading to DNA damage of the living target cells including
various harmful microbes.

The coappearance of ultraviolet (UV) radiation with NTAP
is obvious. The wavelength of radiation depends on the
strategy of NTAP generation (the energy content), which
includes voltage, power, frequency of operation, and finally,
the composition and the concentration of gas used (in case
of plasma jet). While a few of the advances in these areas
have demonstrated the feasibility of producing UV-C radiation
along with the plasma [7], most researchers have demonstrated
the availability of UB-B only [8]. The use of the UV light for
the inactivation of microorganism is well studied [9], [10].The
effect of UV alone was found to be weak for the purpose, but
UV was found to behave as an assistant with NTAP facilitating
the plasma for DNA damage [9]. UV-C although is known to
have antimicrobial properties [11], it is potentially harmful
and can act as a mutating agent for short- and long-term cell
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exposure [12]. However, UV-B (290–320 nm) is known to
be harmful to chronic exposure only [13]. The combinational
effect of NTAP with UV was found to be more effective in
the inactivation of microbial organisms [14].

NTAP has found its application in various biomedical
therapies [15]. It has also been recognized as an important
tool for several industrial applications and decontamination of
pollutants [16]. Various methods of yielding NTAP has been
reviewed and associated limitations have been identified [17].
In this regard, different methods for NTAP generation at
ambient condition under atmospheric pressure have been
reported [18]. The NTAP generated is the activated plasma
with short and long-lived species formation. In a further devel-
opment, direct discharge of atmospheric NTAP without using
any carrier gas has been used for demonstrating rapid blood
coagulation [19]. The usage of ambient NTAP has also shown
promising results in wound healing/sterilization and is reported
to be safe for future external applications under prescribed
dose [20]. DBD is reported to be one of the efficient ways
for the generation of ambient NTAP without the use of any
carrier gas [21]. The study explored the dose-dependent effect
of NTAP on normal mammalian cells and concluded to be
variable from proliferation to the apoptotic limit. Using 220-V
pulse-based NTAP through direct ionization of ambient air
has been reported in the eradication of bacterial biofilms like
Pseudomonas aeruginosa and Staphylococcus aureus [22].
Direct and indirect mechanism of action has been thoroughly
reported in contemporary literature [15]. However, NTAP
through DBD for the potential disinfection of biofilms is still
demanding.

Here, we have employed time-varying sinusoidal voltage
and DBD type of plasma generation process using atmospheric
air at ambient conditions without any special carrier gas.
We have also designed an electrode using water in glass
dielectric, replacing metals for uniform plasma density on
the target surface. Our recent study also addresses the con-
temporary need for an alternative treatment for multidrug-
resistant bacterial infection and proper disinfection, which
sometimes leads to complicated pathological condition in
humans. Humans, as well as animals, can be infected by
the clinical pathogen S. aureus and Candida albicans. The
special ability of S. aureus to form a multilayer structure
which adheres to the extracellular polymeric matrix surface
of indwelling medical devices endows it with the potency
to cause various nosocomial infections among hospitalized
patients [23], [24]. The diversity of S. aureus virulence
presents a huge challenge to eradicate it without making it
mutated to tolerate the antibiotic [23]. We have used the
ambient air and pressure for the NTAP production which
was applied for the destruction of the S. aureus biofilm. S.
aureus contamination on hands is also a serious issue, and
improper disinfection can lead to severe health hazards [25].
Recently, skin antiseptics have shown a major use in healthcare
worldwide for the treatment and sterilization of such microbes.
However, the cytotoxicity on wounds and skins caused by
these medications is a serious problem [26]. In a study,
five antiseptics used clinically were tested [27]. Similarly,
C. Albicans is the most common fungus found in humans
causing diseases like candidemia and candidiasis [28], [29].

Fig. 1. a) Schematic of the NTAP-producing device. Inset: Two types
of high-voltage electrode used for generating NTAP (i) metal electrode and
(ii) water electrode. (b) Application of NTAP on bare skin which produces
no negative effect.

Additionally, mucocutaneous disorders, such as oral candidi-
asis and vaginal and vulvovaginal candidiasis, are a matter of
increasing concern in contemporary society [30]. The plank-
tonic unicellular form is exhibited by Candida species and
shows filamentous growth or complex multicellular structure
in the infected tissues [31]. In the healthcare field, the etiology
of nosocomial infections and the role of the contaminated
hands play during an outbreak are suggestive toward the
importance of choosing the effective and right “hand hygiene
product” [32]. The “hand hygiene” preparations are a major
cause of skin irritations and various side effects [32]. In this
regard, NTAP is shown to be safe electrically and can be used
for treating living tissues without causing any damage [33].
Application of NTAP at an optimum level has shown to have
no toxicity in intact and normal cells [34]. Thus, we propose
the use of NTAP generated from atmospheric air and using a
liquid electrode for a noncontact, efficient, and cost-friendly
way for the hand hygiene use in various sectors of the medical
field as we also show its effectiveness in eradicating S. aureus
and C. albicans biofilms.

Taking into consideration all previous developments related
to the generation of NTAP, we have designed a system
capable of producing NTAP in ambient atmospheric air under
normal temperature and pressure. The active ingredients of the
plasma for the therapeutic efficacy including various ROS and
RNS are identified using optical emission spectroscopy of the
generated plasma.



II. MATERIALS AND METHODS

A. NTAP Generation

As shown in Fig. 1, the setup for NTAP production was done
using a glass dielectric barrier, a 15-kV neon sign transformer
from Canon, and a high-voltage metal electrode. A glass
test tube manufactured by Borosil was used as a dielectric
barrier and ambient atmospheric air acted as the dielectric
barrier. In order to incorporate uniform plasma density in
the application, we have used water in the test tube. Water
from a local source with a resistivity value of 1200 � at
20 ◦C was used as one of the electrodes. The uniform surface
coverage of the tip of the test tube by water makes the DBD
to be uniform. The use of water inside the test tube made of
flexible dielectric materials would expectedly offer flexibility
in various biomedical applications. The spectroscopic analysis
of the generated NTAP was performed using HR4000 (Ocean
Optics, FL, USA) and SpectraSuite software.

B. Characterization of the DBD-NTAP

NTAP was generated using a high-voltage neon sign trans-
former. It converts line voltage from 230 V at 50 Hz–15 kV
and is capable of supplying 60-mA current. The output voltage
of the transformer was measured using a high-voltage probe
from Fluke. The electrical characterization of the high voltage
was carried out and the results were evaluated for under-
standing the time-domain representation of the high-voltage
transformer output (Fig. 2). The discharge gap was uniformly
maintained at 0.5 cm throughout the experiment to maintain
constant energy distribution.

C. Development of Bacterial Biofilms

S. aureus strain was purchased from MTCC (MTCC
3160) [35]. The bacterial culture in Luria broth having optical
density OD600 ∼ 1 was spread on a 1-cm/1-cm cleaned
titanium plate and incubated at 37 ◦C for two days. Crys-
tal violet (CV, purchased from Sigma-Aldrich, India) [0.1%
(w/v)] was used for performing the quantification process [36].
Unattached cells were washed with 1 mL of water after being
briefly aspirated. After 30 min of aspiration, CV solution
(2 mL) was added to the titanium plates kept on a Petri dish.
Titanium plates were washed with 1 mL of water, and 95%
ethanol was used to solubilize the remaining CV.

The absorbance at 595 nm (A595) was used for the eval-
uation of the degree of CV staining. The index of bacteria
adherence to the titanium plates and formation of biofilm are
calculated using the A595 values [37]. Further, a UV-VIS
spectrophotometer (Shimadzu UV-2600) was used to measure
the extent of CV staining.

To investigate the changes in morphology after the plasma
treatment, 200 μL of the S. aureus bacterial broth was kept
for 48 h at 37 ◦C which was then consecutively washed
in water. After fixing the sample with 2.5% glutaraldehyde,
successive dehydration with alcohol and air was carried out.
Scanning electron microscopy (SEM) was performed and the
appearance of the biofilm before and after the treatment was
qualitatively assessed, The coverslips were scanned in a field

Fig. 2. Time dependent high voltage characteristics of high voltage
transformer used to generate dielectric barrier Discharge NTAP measured
using a high-voltage probe from Fluke.

emission of SEM (Quanta FEG 250: the source of electrons,
FEG source; operational accelerating voltage (200 V–30 kV);
3-nm resolution; 30 kV under low-vacuum conditions; detec-
tors: large field secondary electron detector for low-vacuum
operation) [36] after being coated with gold.

D. Live Cell Nuclear Magnetic Resonance (NMR) Spectroscopy

This experiment was done according to a protocol described
previously [38]. Briefly, C. albicans SC5314 cells were grown
overnight in YPD (1% yeast extract, 1% peptone, and 2%
dextrose) broth to get the log phase (OD630 = 1.2) of cells. The
next day, the cells were washed thrice with 10-mM phosphate
buffer (pH [25]) and resuspended in the same. OD630 nm (107

CFU) cells were treated aseptically with NTAP on a sterilized
aluminum foil for 3, 6, and 9 min and immediately subjected
for nuclear magnetic resonance (NMR) analysis.

All NMR experiments were done at 298 K in a Bruker
AVANCE III 500-MHz spectrophotometer using a 5-mm
SMART probe. A series of 1-D proton NMR spectra were
obtained after each treatment by using “zgesgp” pulse program
with 10% D2O for locking the sample. The spectral width
and number of scans were set to 12 ppm and 64, respectively,
while the trisodium phosphate (TSP) was used as an internal
reference (0 ppm). Data acquisition and data processing were
carried out using Topspin v3.5 software (Bruker Biospin,
Switzerland).

E. Fluorescence-Assisted Cell Sorting

C. albicans cells were grown in the YPD medium and
washed with phosphate-buffered saline (PBS) (pH 7.4) for
three times and then diluted to get 1 × 106 number of cells
as described earlier [38]. The test organism was then treated
at NTAP for 6 and 9 min on a sterilized aluminum foil
in a Biosafety level 2 laminar airflow workspace. Then the
cells were harvested and treated with 3-μL FITC-Annexin
V and 2-μL propidium iodide (PI) fluorescent dye in a
dark room and incubated for 15 and 10 min, respectively.
Fluorescence-assisted cell sorting (FACS) data were acquired
by using a BD FACS instrument.



F. MTT Assay of the Mature C. Albicans Biofilm

Biofilm viability was measured using the (3-(4,5-
Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide)
(MTT) cell proliferation assay reagent (Himedia Laboratories
Pvt. Ltd., Mumbai, India) according to the manufacturer’s
protocol. Briefly, midlog-phase C. albicans cells (OD630 =
0.5) obtained from an overnight culture of stationary phase
cells in the YPD media were pelleted down by centrifuging
at 8000 rpm for 10 min, washed thrice with 10-mM sodium
phosphate buffer (pH 7.4), and resuspended in the same to get
107 cells/mL. Finally, a total of 106 cells were seeded on a
1-cm × 1-cm aluminum sheet submerged in 400-μL Roswell
Park Memorial Institute (RPMI) 1640 medium in a sterile
24-well plate and incubated at 37 ◦C in steady condition
for 96 h to obtain a mature C. albicans biofilm. The mature
biofilm on aluminum sheets was then washed with buffer
to remove the nonadherent cells and treated at NTAP for 1,
3, 6, and 9 min in aseptic condition. Sterile filtered MTT
solution (the final concentration was 0.5 mg/mL in RPMI
1640) was then added to the treated biofilms and incubated
for 3 h in a 37 ◦C incubator. Biofilms were then washed with
phosphate buffer (pH 7.4), followed by the addition of 1-mL
dimethyl sulfoxide (DMSO) for dissolving the formazan
crystal. The absorbance was measured at 570 nm. Positive
and negative controls were prepared by adding 250 μg/mL
amphotericin B and 10-mM phosphate buffer, pH 7.4,
respectively. Measurements were performed in triplicate.

G. Scanning Electron Microscopy

The C. albicans biofilms were prepared on sterile squared
aluminum sheets as described above in MTT assay and washed
thrice with phosphate buffer solution (pH 7.4) to remove the
planktonic cells. Next, the NTAP treatment was done following
the same time points used in flow cytometry assay, followed
by fixing the cells with 2% glutaraldehyde. The samples were
then washed thrice in PBS and dried by using 50, 80, and
100% ethanol gradation for 5 min each. The gold coating was
done before SEM (ZEISS, Germany) data acquisition.

III. RESULTS AND DISCUSSION

The cost-effective, easy-to-use NTAP generator device
designed in our present work has been shown in Fig. 1(a).
A metal rod inside a glass test tube was used as an active
electrode. The counter electrode (a metal sheet) was placed
under the region of treatment. We also used water inside the
test tube instead of using the metal rod to generate NTAP.
Contrary to other successful techniques like using a plasma
jet to carry reactive oxygen and nitrogen species (RONS)
to the sample under test, we have used a relatively simpler
technique to electrify air using high voltage and, hence, keep
the consumable cost down, as the research would lead to a
plasma-based sterilizer to be used under low-resource setting.

The photographs of the generated NTAP using metal and
water electrodes are shown in the insets of Fig. 1(a). In a
different experimental strategy, NTAP can also be generated
in the absence of real counter electrode (floating electrode
DBD) [39]. The strategy ensures flexibility of application and

Fig. 3. Spectrophotometric atomic emission data obtained for NTAP
showing the presence of various peaks at different wavelengths denoting the
composition of NTAP.

enhances the scope of the treatment in the human subject as
shown in Fig. 1(b).

We have analyzed the spectral components of the NTAP
generated in metal, water, and floating electrode configurations
using an optical spectrograph of 1-nm resolution as shown in
Fig. 3. It is known that all activated species do not emit light,
but a species emitting is considered to be the parameter of
utmost importance due to its capability of performing high
cellular influence [40].

It is well known that cold plasma when operated in air
releases an abundance of RONS [41]. The interactions of
such species with biological target cells have been thoroughly
explained in contemporary literature [42]–[47]. The emis-
sion lines in Fig. 3 are mostly identified as transitions of
molecular nitrogen. The first positive system [N2∗ (B3�g-
A3 ∑+

u )] transitions are in the 500–900-nm range and the
second positive system [N2∗ (C3�u-B3 ∑

g)] transitions are
in the 300–500-nm range (e.g., 337 and 354 nm). It is notable
that the 777-nm wavelengths of the atomic oxygen system
were also detected [48]–[51]. H alpha line was also observed
at 656 nm.

N2∗ emission lines can be broadly classified into two parts
namely radiative [N2∗ (C3�u →B3�g)] and metastable [N2∗
(B3�+

u →A3 ∑+
u )] state, which can be attributed to high-

energy electron over 6.1 eV, whereas N+
2 formation can be

attributed to reactions of N2∗ metastable molecules by penning
ionization [52].

It is reported that free radicals contain unpaired electrons to
become highly reactive [53]. These free radicals can produce
cell damage because of its oxidizing property [53]. The
application of such reactive species causes the inactivation
of bacterial biofilms and cell death. ROS and RNS produced
by NTAP contribute to causing cell damage by creating
redox reactions in various biomolecules ranging from lipids,
proteins to DNA, and RNA [54]. The concentration of reactive
species with a similar setup was calculated in recent scientific
work [55].

We investigated the effect of NTAP on biofilm growth
of S. aureus on a titanium plate prepared in the laboratory.



Fig. 4. Antibiofilm effect of NTAP on the S. aureus bacterial biofilm.
(a) CV-stained biofilm in the titanium plate. (b) S. aureus biofilm in the
titanium plate after being treated with NTAP and CV. Untreated (control) S.
aureus. (c) Cuvette containing treated and untreated titanium plates immersed
in 95% alcohol. (d) Spectrophotometric absorbance data at A595 for control
and NTAP-treated samples. (e) SEM image of the untreated (Control) S.
aureus biofilm. (f) SEM images of the NTAP-treated S. aureus biofilm.
Scale = 1 μM.

Biofilm is a microbial community encapsulated within a
matrix which consists of an intensive network of cells that
are attached to abiotic surfaces [56]. The biofilm formed by
S. aureus was considered for NTAP treatment after 48 h of
incubation. The titanium plate was treated with NTAP for
a time span of 5 min and then CV staining was used for
the quantitative assay of the total adhered biomass of the S.
aureus biofilm in the control and the NTAP-treated titanium
plates. The plasma-treated titanium plates showed no marked
staining with CV as shown in Fig. 4(b), whereas in the
control or untreated titanium plate, the presence of CV stain
was visually evident as shown in Fig. 4(a). Spectroscopic
analysis of the solubilized CV (using 95% alcohol) was
monitored by the absorbance at 595 nm. As the S. aureus
biofilm was completely eradicated after NTAP treatment,
CV was absent on the titanium plates and hence, the A595
of the plasma-treated biofilm showed marked decrease in
intensity at the complementary absorbance as depicted in
Fig. 4(d), whereas the untreated bacterial biofilm had CV
showing marked increase at the A595 absorbance peak for
the presence of CV showing that the biomass of biofilm was
intact in the control or untreated plates as shown in Fig. 4(d).

Hence, treatment with NTAP exhibits the inhibition of
bacterial biofilm growth. The SEM images were used for

Fig. 5. 1-D NMR of C. albicans cells in the absence and after NTAP
treatment with respective time points. (a) Several new sharp peaks were
obtained after NTAP treatment when compared to a control cell (0-min
treatment). (b) FACS analysis: C. albicans before (i) and after NTAP treatment
cells for 6 min (iii) and 9 min, (iv) indicates that the microorganism is
following a necrotic or a late apoptotic pathway as compared to positive
control (ii).

detecting structural and morphological changes in the biofilms.
Fig. 4(e) shows the typical characteristics of the S. aureus
biofilms with intact cell membranes, whereas Fig. 4(f) shows
significant changes in the morphology of the S. aureus biofilm
with the destruction of the cell membrane of the plasma-
treated sample and it also shows significantly lesser number
of bacteria with loss in the proper arrangement of bacterial
biofilm. The design of plasma-assisted hand sanitization has
been reported to be efficient in eradicating bacteria [57].

To understand the effect of NTAP treatment on fungal cells,
C. albicans was used as a model system as it is well known
for its deadly infections in immunocompromised patients [38].
NMR spectroscopy is a powerful technique to probe small
chemical changes in a system at an atomistic resolution.
Solution-state live-cell NMR analysis provided insight into
the morphological changes of the microbial cells before and
after the treatment of NTAP. To understand these changes,
a series of 1-D proton (1H) NMR spectra were obtained by
using processed C. albicans cells with a different treatment
time of NTAP. The spectra were then compared as shown in



Fig. 6. (a) Cell viability assay of the mature C. albicans biofilm. The intensity
of the pink color (as shown in inset) indicates that more cells are alive in
control but faded with increasing NTAP treatment time. (b) SEM images
show that the control biofilm is unaltered, but 6- and 9-min-treated biofilms
got degraded (scale 5–20 μm).

Fig. 5(a). Several new peaks were observed in the sample that
was administered for 3 min only as compared with the negative
control.

However, by increasing the treatment time till 9 min, no
other 1H peaks were detected, but the intensity of the new
peaks got increased suggesting that the integrity of the cells
got compromised and thus, small metabolites were released
from the altered fungal cells. The new peaks mostly came out
between 0.62 and 3.35 ppm which correspond to the upfield
region and the downfield regions contain only one 1H peak that
came at around 8.44 ppm. Thus, live-cell NMR data suggest
that there are some alterations happening after 3–9 min of
NTAP treatment. To understand whether this process leads
to apoptotic, necrotic, autophagy, or necrotic pathway of
the fungal cells, FACS analysis was done in the next step
to decipher the cell death mechanism of the treated cells.
Fig. 5(b) showed that the control cells (i) got no dye uptake in
the dual-dye cytometric analysis but interestingly a significant
number of NTAP-treated cells (both 6 and 9 min) had taken the
PI dye than Annexin V. Annexin V is a calcium-dependent pro-
tein which binds preferentially with phosphatidylserine (PS)
residues generally present in the inner leaflet of the plasma
membrane. If the cells follow programmed cell death or
apoptotic pathway, then the PS lipids stay outside of the cell
membrane, and thus, Annexin V gets binds with it. On the
contrary, PI is a cell-impermeant dye and only gets inside into
the cells when the cell barrier gets compromised. The FACS

data, thus, suggest that the fungal cells are following either
a necrotic or a late apoptotic pathway as compared with the
positive control cells (ii) because no Annexin V signals were
obtained on the whole treated population.

To extend the application of NTAP as a potential tool
to eradicate the resistant fungal biofilm, mature C. albicans
biofilms were developed on a squared 1-cm aluminum sheet.
The plasma treatment was done at different time points starting
from 1 to 9 min, and the samples were subjected for cell
viability assay or MTT assay and SEM as well. Fig. 6(a) shows
a histogram plot depicting the relative intensity of the MTT at
570 nm in different sets. The MTT assay provides information
about the level of cellular activity by means of enzymatic
functions. The trend of the intensity plot after NTAP treatment
suggests that the viability of the fungal biofilm got gradually
decreased and reached around 25% on 6- and 9-min treatment
as compared to the positive control. This result correlates with
NMR and FACS analysis and suggests that the plasma treat-
ment has an adverse effect on such highly resistant pathogens.
The SEM images as shown in Fig. 6(b) also support this
finding as it is clearly visible that the 6- and 9-min treatment
had made the biofilms rough and dried, whereas the control
set remained smooth and unaltered. Fig. 6 (b) (iii) and (iv)
showed that the cellular morphology of the C. albicans cells in
biofilm condition changed drastically indicating necrotic cell
death which again correlates with performed FACS analysis.

Our group is actively involved in the design and develop-
ment of a nonthermal plasma-based hand sanitizer without
the use of consumable gas for low-resource-setting areas.
The setup is equipped with a proximity sensor to detect the
presence of hands and automatically generate a plasma shower
for large-scale sanitization at public places.

IV. CONCLUSION

To summarize, the ambient air nonthermal plasma was
generated using 15-kV potential difference and the principle
of DBD, and the effect of the generated plasma on the S.
aureus and C. albicans biofilms was observed. The possibility
of using various flexible materials, e.g., liquid electrode,
was investigated and found to be effective in the successful
generation of NTAP. The use of ambient atmospheric air for
the production of NTAP has also been designed. The atomic
emission spectroscopy was utilized to evaluate the components
of the generated NTAP and its mechanism of action was
carefully investigated. It was found that the generated plasma
was effective in the disadherence of the S. aureus biofilm
from the titanium plate. We are in the process of developing
an NTAP-based hand sanitizer equipment. We have used
220 V, 50-Hz current, and a high-voltage neon transformer
for producing NTAP. Water was used as an electrode and glass
acted as the dielectric barrier.

The effect of NTAP was also investigated on the C. albicans
biofilm and the inactivation process was studied. The forma-
tion of new peaks in NMR spectra was observed confirming
the compensation of the integrity of cells. This was further
established from SEM images of bacteria and fungi which
show that cell death occurs after the application of NTAP.



The presence of RONS in the nonthermal plasma is known
to be the antimicrobial agent and, hence, can be an effective
tool for the design of a low cost-sterilizer under low-resource
setting. The potential of the setup and the ease of installation
were utilized to design and develop a wall-mounted instrument
capable of generating NTAP for potential use in hand san-
itization in the noninvasive and noncontact method without
the application of any chemical. The setup is extremely
cost-effective and easy to use. We believe that this setup
will be a cheap alternative to the conventional method of
disinfection from S. aureus and C. albicans and can be used in
public places, e.g., hospital environment for hand and hospital
tool sterilization.
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