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Plasma Agriculture & Processing of Biomaterials
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1:40pm PB+BI+PS-MoA-1 Control for Plant Disease and Development by
Atmospheric Pressure Plasma, Gyungsoon Park, Kwangwoon University,
Republic of Korea INVITED
Previously, we observed that seeds contaminated with Fusarium fujikuroi
(a fungus causing rice bakanae disease) were more effectively disinfected
in water by arc discharge plasma than ozone. Efficiency of disinfection was
decreased when the distance between seeds and electrodes becomes
greater. This indicates that shockwave from arc plasma may play an
important role in seed sterilization, and we measured about 50-60 atm
shockwave pressure. In addition, seed surface became more hydrophillic
after plasma than ozone treatment indicating that water containing ROS
and RNS can more easily get inside hull. Ozone level in water was
decreased when seeds were present. This is probably due to the chemical
reaction of ozone with seed surface molecules and will eventually cause
the decrease in efficiency of seed disinfection. We also analyzed the effect
of water and buffer treated with microwave plasma generated gas
containing nitric oxide (PGNO) on development of spinach. The real time
level of nitric oxide in water and phosphate buffer was increased to about
100 pM after treatment with PGNO for 50 min. Spinach treated with PGNO
water seems to become more tolerant to drought stress. Our work was
supported by the National Research Foundation of Korea (NRF) grant (No.
2010-0027963), Rural Development Administration (RDA) grant (No.
PJO09891) and National Fusion Research Institute (NFRI) grant.

2:20pm PB+BI+PS-MoA-3 Biomass Pyrolysis Using Low Temperature
Plasma, Y Gao, N Uner, J Meyer, M Foston, Elijah Thimsen, Washington
University in St. Louis

Low temperature plasmas (LTP) are recently being used for processes
involving complicated heterogeneous chemistry. Due to their unique non-
equilibrium environment and the abundance of reactive radicals, LTPs are
expected to bring selectivities and reactivities that are difficult to obtain in
systems governed by local thermal equilibrium. In this study, we utilize low
temperature plasmas for converting biomass into more valuable chemicals.

Biomass is an abundant and renewable source of carbon. It is recently
reported that biomass can be supplied and processed at a scale large
enough that is comparable to petroleum [1]. Current research efforts are
focused on upgrading biomass into hydrocarbons and valuable aromatic
compounds. One common method is to pyrolyze biomass into oils at high
pressure. However, the product distribution usually turns out to be very
broad, therefore the yields of the desired components are often low.
Another common method is to gasify the biomass into syngas, a mixture of
CO and Haz. Both pyrolysis and gasification are indirect routes of converting
biomass into valuable chemicals. Complicated additional steps are usually
required, as in the case of hydrodeoxygenation of pyrolysis oil or
production of various paraffins/olefins via Fischer-Tropsch synthesis from
biomass-derived syngas. Furthermore, a common drawback for both
pyrolysis and gasification methods is the deactivation of catalysts due to
coke formation.

In this study, we demonstrate a single-step process without catalysts that
generates oxygen-free hydrocarbons with high yield. We will report low
temperature plasma conversion of lignocellulosic biomass in a gram-scale
radio frequency reactor. Preliminary work shows that the plasma rapidly
converts solid feedstock into primarily small chain hydrocarbons. Effects of
process parameters such as plasma power, plasma gas composition,
operating pressure and biomass feedstock will be presented, along with a
techno-economic analysis of the process.

[1] U.S. Department of Energy, “2016 Billion-Ton Report: Advancing
Domestic Resources for a Thriving Bioeconomy,” Oak Ridge National
Laboratory, Volume 1, 2016.

2:40pm PB+BI+PS-MoA-4 Growth of Plasma-Treated Corn Seeds under
Realistic Conditions, Chisung Ahn, | Shchelkanov, University of lllinois at
Urbana-Champaign; J Gill, AgReliant Genetics, LLC; D Ruzic, University of
Illinois at Urbana-Champaign

Plasma treatments of agricultural seeds have been proposed to enhance
germination and improve growth rate by elimination of unwanted
microbes, water absorption control, introducing functional groups or other
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effects. In particular, making a plasma-activated medium which has
nitrogen as its main component can affect the efficiency of water use in the
germination phase. There is also a remarkable complementary effect
between plasma treatments and biological pre-treatment. To confirm the
plasma effects seen in the lab scale, this work seeks to investigate a variety
of seed treatments on an industrial agriculture scale.

In this study, various kinds of plasma were introduced for mass treatment
of corn seeds to investigate the germination and growth effect. The seed
utilized for the experiment is an elite 111 days yellow dent corn hybrid
adapted to the US Midwest. Seven experimental treatments were
evaluated: Control, Biological treatment only, Plasma Activated Water
(PAW) treatment, Atmospheric Pressure DBD Plasma, Microwave
Atmospheric Plasma, Vacuum Plasma and Just Vacuum. The corn seeds
were treated uniformly by one-layer arrangement on each stage without
burning or blackening by the plasma. Each treatment was performed on a
total of 1800 corn seeds. Seed of each experimental condition were treated
with the recommended rate of Poncho Votivo with Acceleron, a
commercial biological seed treatment that helps protect the seeds from
fungus, insects, and nematodes after planting. The 1800 seeds were
divided evenly into three replications with 100 seeds planted for each
replication at six unique locations across central lllinois. The results of
germination, growth, and product yield over the 2017 growing season will
be presented.

3:00pm PB+BI+PS-MoA-5 Advanced Control of Plasma Medical Devices,
David Graves, University of California, Berkeley; A Mesbah, D Gidon,
University of California at Berkeley

Atmospheric pressure plasma jets (APPJs) have widespread use in plasma
medicine. This presentation aims to demonstrate the importance of using
advanced control strategies for safe, reproducible, and therapeutically
effective application of APPJs for dose delivery to a target substrate. Key
challenges in advanced control of APPJs arise from: (i) the multivariable,
nonlinear nature of system dynamics, (ii) the need to constrain the system
operation within an operating region that ensures safe plasma treatment,
and (iii) the cumulative, non-decreasing nature of dose metrics. To
systematically address these challenges, we propose a model predictive
control (MPC) strategy for real-time control of a radio-frequency APPJ in
argon. To this end, a lumped-parameter, physics-based model is developed
for describing the jet dynamics, and cumulative dose metrics are defined
for quantifying the thermal and non-thermal energy effects of the plasma
on substrate. The closed-loop performance of the MPC strategy is
compared to that of basic proportional-integral control. Simulation results
indicate that MPC provides a versatile framework for dose delivery in the
presence of system disturbances, while fulfilling the safety and practical
constraints of APPJ operation. In addition, we demonstrate the use of
advanced control in experimental APPJ systems. Advanced control can lead
to unprecedented opportunities for effective dose delivery in plasma
medicine.

3:20pm PB+BI+PS-MoA-6 Fingerprinting Different Plasma Sources for
Biomedical Applications, Katharina Stapelmann, North Carolina State
University;, K Wende, INP Greifswald, Germany, B Offerhaus, Ruhr
University Bochum, Germany; C Verlackt, University of Antwerp, Belgium; C
Klinkhammer, F Kogelheide, M Havenith, Ruhr University Bochum,
Germany; A Bogaerts, University of Antwerp, Belgium; P Awakowicz, J
Lackmann, Ruhr University Bochum, Germany

Cold technical plasmas (CAPs) are under investigation in various fields of
industry and medicine. First clinical trials using CAPs for wound healing
show promising results. Preliminary results in other fields of plasma
medicine, such as cancer treatment, offer promising findings as well.
However, the interactions of technical plasmas with biological samples on a
molecular level are only partly understood. CAPs generate complex
chemical cocktails, having an impact on various biological structures [1].
The impact can vary betweeen different sources, e.g. by employing a DBD
in air or a noble gas driven jet. A better understanding of the chemical
reactions occuring would allow to tune and adapt plasmas for specific
tasks. One prevalent impact of plasma on biological targets has been the
chemical modification of thiol groups, which carry out various important
tasks in the human body, such as cell signaling and protein structure
formation. As thiols are involved in many regulatory and functional
processes in tissues, an in-depth understanding of the impact of plasma
treatment on thiols is highly relevant for a safe application of plasmas in
medicine.

In order to get insight into these interactions, various thiol-containing
model substrates, such as the amino acid cysteine and larger target
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substrates, were investigated with different plasma sources [2,3]. By using
a standard target substrate, the impact of various plasma sources can be
compared not by means of a physical characterization but by their chemical
impact. Stepwise increase of sample complexity allows monitoring how
thiols are affected by plasma treatment in an ever more complex
environment. The combination of experimental evidence and MD
simulations permit a comprehensive overview of chemical processes
induced by plasma treatment. This combined approach allows a more
throughout investigation of modifications on a molecular level and helps to
understand fundamental plasma chemistry processes. Furthermore,
knowledge about the substrate chemistry enables the use of test
substrates as bio-probes for the investigation of plasma chemistry in other
industrial fields [4].

[ 1] Lackmann J-W and Bandow J E 2014 Appl. Microbiol. Biotechnol. 98
6205-13

[ 2] Kogelheide F et al 2016 J. Phys. D: Appl. Phys.49 084004
[ 3] Lackmann J-W et al. 2015 J. Phys. D: Appl. Phys. 48 494003
[ 4] Offerhaus B et al. 2017, accepted in Plasma Process Polym.

4:00pm PB+BI+PS-MoA-8 Exploring Plasma Coatings Comprising Vertical
Chemical Gradients and Multilayers for Biomedical Applications, Dirk
Hegemann, M Vandenbossche, M Heuberger, Empa, Swiss Federal
Laboratories for Materials Science and Technology, Switzerland  INVITED
The common definition of “surface” includes surface atoms and molecules,
practically extending at the most some three layers — typically one
nanometer. This definition is justified by the fact that many surface
properties related to symmetry breaking, such as chemistry, wettability or
surface charge are determined by the top most surface layer. The common
understanding is that this thin surface region also determines how
molecules adsorb onto it. Far less explored are effects due to interactions
with deeper subsurface layers, i.e. the region extending over several
nanometers underneath the “surface”. This subsurface region, however,
might significantly contribute to molecular adsorption via long-range (i.e.
few nm) interaction forces; mainly interactions with fixed dipoles, water
structuring and Van der Waals interactions. A key factor to make use of
these interaction forces thus lies in the hydration of the subsurface region.

Therefore, stable plasma polymer films made of siloxanes were designed
that contain a hydrophilic nanoporous base layer terminated by a
hydrophobic top coating, nominally 2-12 nm thick. As a model molecule,
bovine serum albumin (BSA) was selected and its adsorption was studied
on gradient coatings as well as reference coatings immersed in water or
phosphate buffered saline (PBS). As a result, protein adsorption was
reduced on hydrated hydrophobic/hydrophilic gradient coatings, while dry
or dehydrated films show the same adsorption as the reference
hydrophobic plasma polymer film.

Furthermore, double layers made of a terminal a-C:H:O plasma polymer
layer (1-5 nm thick) on a-C:H:N base layers were investigated comprising a
gradient in carboxylic-to-amino groups. Again conditions were selected to
obtain stable plasma polymer films when immersed in aqueous
environments. Adsorption using the green fluorescent protein (GFP) on
different double layers and reference layers were examined. Enhanced
protein adsorption was observed for the 1 nm thick terminal layer of a-
C:H:0 on a-C:H:N as compared to each reference layer.

Hence the vertical nanostructure of a functional surface implies an
additional factor to control adsorption processes. Protein adsorption,
selectivity and bioactivity can thus be controlled by using subsurface
effects being an important finding for biomedical applications such as e.g.
tissue engineering.

Monday Afternoon, October 30, 2017

1:40 PM



Tuesday Morning, October 31, 2017

Plasma Processing for Biomedical Applications Focus Topic
Room 12 - Session PB+BI+PS-TuM

Plasma Medicine
Moderator: Katharina Stapelmann, Ruhr-University Bochum, Germany

8:00am PB+BI+PS-TuM-1 Spatial Distribution of Biological Effects Induced
by Plasma Reactive Species, Sylwia Ptasinska, University of Notre Dame

INVITED
Several in vitro and in vivo studies have been conducted in a variety of
cancer cell lines that demonstrate the efficacy of cold plasmas in causing
cell death since the advent of this new research area in the plasma physics
community in 2010. Due to the complexity of both the plasma and
biological systems, many questions must be answered to sharply improve
our understanding of the physical, chemical, and biological processes
underlying their interactions. However, since cold plasmas produce a
cocktail of reactive oxygen species (ROS) and reactive nitrogen species
(RNS), these species are believed to be key agents that can induce a
number of biological effects, including impairment of cell substructures and
even cell death. Moreover, cancer cells have proven to be more susceptible
to damage by these reactive species than normal cells subjected to plasma
exposure. The outcome of cell responses to plasma treatment has inspired
the potential application of plasma as an effective and safe tool for novel
cancer therapy. Our research focuses on investigations of nucleus DNA
damage in cancer cells and bacterial inactivation caused by exposure to
plasma reactive species. Initially, to detect ROS and RNS that reached the
targeted biological systems we used semi-quantitative test strips, while to
investigate biological effects in cells we used digital imaging or
immunofluorescence microscopy. Recently, to obtain the high-resolved
spatial distribution of DNA strand breaks we developed a workflow with
algorithms for image analysis using CellProfiler and MATLAB, including
background correction, cell segmentation, feature extraction, cell
classification, and data visualization. This method well preserves the
essential spatial information about cell distribution, which is critical
because of the localized nature of the plasma jet treatment. By applying
both supervised and unsupervised machine learning techniques to the
images, we were also able to classify the cells according to different cell
cycle phases, and thus obtain spatial information regarding plasma jet
effects on cell cycle progression.

8:40am PB+BI+PS-TuM-3 Mechanisms of Cell Death in Prostate Epithelial
Cells after Treatment with Low Temperature Plasma, J Packer, A Hirst, F
Frame, Deborah O'Connell, N Maitland, University of York, UK
Low-temperature plasma (LTP) treatment of cancer cells have been
explored for a variety of malignancies. These plasmas, operated at
atmospheric pressure and close to room temperature, are efficient sources
of reactive oxygen and nitrogen species (RONS), electric fields and photons,
and can induce a variety of biological responses. There is an increasing
clinical move towards focal therapy for more conservative management of
prostate cancer, with reduced levels of common side effects such as
incontinence and impotence compared with radical treatments, and
promising outcomes. Low-temperature plasmas may offer such potential.

A dielectric barrier discharge jet, created within a glass tube surrounded by
two electrodes (~ 6 kV applied sinusoidal voltage), with a helium plus 0.3%
oxygen gas flow is used for these investigations. We have employed both
purified tumour cells freshly extracted from prostate cancer patients, and
matching, non-tumour cells from a distant region of the same prostate.
Freshly isolated primary tumour cells acts as a near patient model, which
has recently confirmed differences in pharmacological susceptibility as
compared with 30 year old established cell lines.

Treatment of primary prostate epithelial cells with LTP resulted in sigificant
cell death in both normal and cancer cells; and no significant selectivity
observed, as commonly reported. In addition, most cells appeared to die
via a necrotic mechanism, rather than apoptosis, maybe as a result of the
mitochondrial toxicities of the LTP-activated reactive oxygen species (ROS).
However, some autophagy was also detected, which has been shown to act
as a salvage pathway for sub-lethally damaged cells.

To determine which of the multiple plasma activated bio-reactive species
are responsible for the cytotoxicity, we have explored immediate and
longer-term effects on gene expression, with a particular focus on oxidative
responses, in multiple patient samples. Comparative studies in the
established cell lines indicated a delayed and different response,
highlighting that cell lines don’t always reflect the response of primary
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cells. Expression of 84 genes (MRNA by RT? arrays from Qiagen) was
assessed at multiple time points, after a 3 minute LTP treatment, and
candidate genes/response pathways were identified. Immunofluorescence
and western blotting were used to verify changes in protein expression.
The response varied according to the clinical grade of the tumour (including
a remarkable downregulation of 18 factors only seen in the highest grade
tumours). All epithelial cells showed a stimulation of transcription factor-
driven anti-oxidative response, as a potential resistance mechanism.

9:00am PB+BI+PS-TuM-4 Selective Antitumor Effect of the Plasma-
Activated Medium Produced by Atmospheric Pressure Plasma with High
Plasma Density, Yohei Takahashi, Y Taki, Nikon Corporation, Japan; K
Takeda, Meijo University, Japan; H Hashizume, H Tanaka, M Hori, Nagoya
University, Japan

Recently, atmospheric pressure plasma has been widely developed for the
applications on various fields, such as synthesis approaches, surface
modification, sterilization, etc. Especially, cancer therapy using
atmospheric pressure plasma is one of the most attractive applications.
The culture medium irradiated with the atmospheric pressure plasma was
called Plasma-Activated Medium (PAM), which exhibited the selective
apoptotic cell death of cancer cells. In this study, we have demonstrated
the antitumor effect of medium induced by irradiation of atmospheric
pressure plasma with high plasma density and compared the cell survival
between cancer and normal cells, which showed that the selective
apoptotic cell death was achieved. Additionally, the basic diagnostics of the
plasma and the analysis of the PAM were performed and the relation with
the antitumor effects was discussed. The emission peak of OH radical (A%3-
X2M) was observed in the atmospheric pressure plasma. This transition is
the intense systems emitted by low temperature plasmas containing even a
small amount of H,O. The selective apoptotic cell death effect by treatment
with PAM produced by atmospheric pressure plasma irradiation was
confirmed. The survival of cancer cell after incubation in PAM was greatly
lower than that of normal cell was. The productions of H.0, and NOz by
irradiation of high density plasma were detected by the colorimetric assay.
The synergistic effect of H.02 and NOz in PAM is considered to affect the
proliferation of cancer cells.

9:20am PB+BI+PS-TuM-5 Multiplex Coherent Anti-Stokes Raman
Scattering (CARS) Observations of Hela Cells Cultured in Non-equilibrium
Atmospheric Pressure-Plasma-Activated Medium (PAM), Kenji Ishikawa,
R Furuta, Nagoya University, Japan, K Takeda, T Ohta, M Ito, Meijo
University, Japan; H Hashizume, H Tanaka, H Kondo, M Sekine, M Hori,
Nagoya University, Japan

Non-equilibrium atmospheric-pressure plasma (NEAPP) affects cancer cells
not only directly! but also indirectly through exposure of cells to medium
irradiated beforehand with NEAPP (i.e., plasma-activated medium [PAM]).2
Recent studies have revealed that NEAPP irradiation generates reactive
oxygen and nitrogen species (RONS) in the gas phase and relatively long-
lived RONS such as hydrogen peroxide, nitrites and nitrates in the aqueous
phase.? To further elucidate a cell-death mechanism in more detail, the
present study focused on the direct analysis of PAM-induced intracellular
molecules such as lipids, acylglycerol, triglyceride, adiposome in Hela cells
as cervical cancer cells. Lipid droplets (LDs) are dynamic organelles with
complex and interesting biological functions that go beyond mere energy
storage and are important in lipid homeostasis and metabolism. To
evaluate LDs, coherent anti-Stokes Raman scattering (CARS) microscopy
was used. The observation-results by multiplex coherent anti-Stokes
Raman scattering (CARS) microscopy elucidated the mechanism underlying
the apoptosis of Hela cells in cultivating in PAM, leading to be
simultaneously occurred the exhaustion of LDs in the cells in contrast to
the accumulation, while the activation of caspase-3/7 was induced, though
accumulation in lipid droplets (LDs) and lipid metabolism in the normal
apoptosis of Hela cells with activation of caspase-3/7 was previously
reported.

Acknowledgement: This study was supported in part by the JSPS-KAKENHI
(No. 24108002).
1 S. Iseki et al., Appl. Phys. Lett. 100, 113702 (2012); 2 H. Tanaka et al.,

Plasma Med. 2, 207 (2012); 3 N. Kurake et al., Arch. Biochem. Biophys. 605,
102 (2016).

9:40am PB+BI+PS-TuM-6 Plasma Medicine - From Bench to Bedside, Kai
Masur, T von Woedtke, K Weltmann, Leibniz Institute for Plasma Research
and Technology, Germany

During the last decade it became possible to stimulate eukaryotic cells by
applying non-thermal plasma. The same plasmas can be used to kill
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micororgansisms - both in vitro and in vivo. However, there is the need to
understand the processes of how electrical fields, ROS /RNS and UV
generation influence the cellular activities in order to find the balance
between stimulating or killing biological matter. Therefore, much effort had
been done by in order to control the plasma components and finally
modulate biological activities. It was shown before that argon plasma
treatment leads in a time dependent manner to an activation of cell
proliferation in human skin samples. Furthermore, it is known that non-
thermal plasma is able to diminish bacterial load of cultured
microorganisms in vitro independent of the strain. Even more, plasma
reduces the amount of antibiotic resistant bacteria in the same manner as
their non-resistant strains.

In 2013, new developed plasma sources were certified as medical products
and since than those devises are in clinical application. Here we report on
our findings on plasma treated chronic wounds and the efficacy of non-
thermal plasma. There is a very promising rate of healed and improved
wounds, which demonstrate that plasma indeed can help patients with
chronic wounds. However, there are some discrepancies between in vitro
findings and results from patient treatment. The bacterial reduction is
lower than in in vitro studies, but skin regeneration seems not to be
dependent on complete bacterial removal. On the other hand, patient
treatment reveals new facts about the positive effects of plasma treatment
of persisting wounds. Here we summarize the positive results of plasma
mediated stimulation of patients with chronic wounds.

11:00am PB+BI+PS-TuM-10 Plasma Medicine, RONS, Tissue and Cell
Models, Rob Short, University of Lancaster, UK, United Kingdom of Great
Britain and Northern Ireland; E Szili, University of South Australia, Australia

INVITED
Electrically-generated cold plasma gas discharges are being intensively
researched for novel applications in medicine and biology. Significant
attention is being given to the reactive oxygen and nitrogen species
(RONS), initially generated upon plasma-air interactions that are delivered
to biological systems. The effects of plasma exposure are observed deep
within tissue, to millimetre depths and within cells. However, very little is
known about the exact nature of the initial plasma-tissue interactions,
including RONS speciation and delivery depth, or how plasma RONS
intervene in biological processes. In this presentation | will focus on current
research using tissue and cell models to learn more about the plasma
delivery and transport of RONS into tissue and cells. | will argue this
research is vital to establishing an underpinning knowledge that is needed
to realise the full potential of plasma in medicine and biology.

11:40am PB+BI+PS-TuM-12 Non-thermal Plasmas in Biomedical
Applications— Beyond the Long Lived Species, Kristian Wende, J Volzke,
INP Greifswald, Germany; J Lackmann, Ruhr University Bochum, Germany;
H Jablonowski, S Bekeschus, INP Greifswald, Germany; K Stapelmann, Ruhr-
University Bochum, Germany, S Hasse, INP Greifswald, Germany;, P
Bruggeman, University of Minnesota, K Weltmann, INP Greifswald,
Germany

Non-thermal plasmas have reached evidence level 2 regarding acceleration
of wound healing and in certain aspects of cancer treatment, with a
growing community of physicians successfully using it (plasma medicine).
Key players in such biomedical applications are reactive oxygen or nitrogen
species (ROS/RNS), which are deposited in either tissue (in vivo) or liquid
(in vitro) and subsequently influence cellular redox signaling. A huge variety
of plasma sources for potential application has been developed and
comparing these sources in respect of safety and efficacy remains
challenging but desirable.

One aspect can be the identification and quantification of the sources
ROS/RNS deposition in liquids. However, due to the short lifetime of many
ROS/RNS and limited specificity of available probes their detection is
demanding. To meet this challenge, we applied a variety of analytical
techniques including high-resolution mass spectrometry of small molecules
(cysteine, tyrosine), ion chromatography (RNS detection), electron
paramagnetic resonance spectroscopy (O, 0Os, !0z 0Oz, OH), and
colorimetric assays to infer on dominant active species. Two argon plasma
jets (MHz jet kinpen, RF jet) and a helium based RF jet (COST jet) were
investigated. In addition, cell biology experiments allowed a first estimation
of the biological impact of plasma treated small molecules.

A large number of covalent modifications have been detected and in part
identified. The majority of changes to the chemical structure of cysteine
was found in the vicinity of the thiol group, while in tyrosine the aromatic
ring was targeted. The resulting products also occur in physiological
situations in vivo, allowing to conclude that the covalent modification of
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small organic molecules is part of the mechanism of direct plasma-cell
interaction. Predominantly short-lived oxygen species were found to be of
relevance regarding the chemical and biological impact of plasma,
challenging the popular concept of remote treatment (e.g. plasma treated
buffers).

12:00pm PB+BI+PS-TuM-13 Effects of Oxygen or Water in Plasma Jet
Environment and Feed Gas on DNA Damage, Ek Adhikari, V Samara, S
Ptasinska, University of Notre Dame

Atmospheric pressure plasma jet (APPJ) sources have been explored for
applications in industry and medicine. Since environmental conditions such
as room temperature and humidity fluctuate, two identical APPJ sources
operating at various places and time might perform differently. An APPJ
operating in a controlled environment may be able to overcome that issue.
Moreover, the interaction of plasma components (e.g., ions, electrons, UV
light) with the air in the atmosphere generates the reactive oxygen species
(ROS) and reactive nitrogen species (RNS) in the plasma jet [1]. These
reactive species can be controlled by adjusting a fraction of oxygen and
water vapor in the plasma jet environment and the feed gas. To create a
controlled environment for a plasma source, a helium APPJ source was
operated in a cylindrical glass chamber with an ambient pressure and filled
with pure nitrogen gas along with a fraction of oxygen and water vapor.
This APPJ source was used to induce damage in aqueous DNA. The fraction
of different types of damaged DNA such as single strand breaks (SSBs) and
double strand breaks (DSBs), which were induced due to plasma
irradiation, and undamaged DNA were quantified by using agarose gel
electrophoresis. We observed that a moderate amount of oxygen and
water vapor in the environment, as well as in the feed gas, increases the
level of DNA damage.

1. K. Arjunan, V. Sharma, and S. Ptasinska, Int. J. Mol. Sci. 16, 2971 (2015).
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