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Abstract Methodology & Equipment

This study addresses the limitations of current sterilization

A I. .
Volume | Solidification Bacterial Plasma Vacuum Observations
1200 {mL) Method Growth Treatment Efficiency

1 Normal Poor (hair-like Effective (air- Volume too low for bacterial

o . o consistency) based plasma) Adequate growth.
methods In the healthcare industry, which expose operators to 2| e Erwsy [Emmsmor | SR [l s ol
. . . 3 Normal Fair (some Effective (air- Low Water accumulation in pump.
C a rC I n Oge n S a n d re p ro d u Ct IVe h a Za rd S 9 th e e nVI ro n m e nt to 800 4 Normal idl:::;te Eeﬁl:cfitfe (wa)ter- Low I:i ha::I geltjlikfa;‘ter plasma
- (growth) derived plasma) treatment (froze); color change.
1 1 M 1 M - orma equate neffective (water- ad gel-like after plasma
pollution, and compromise the integrity of polymer-based medical % 0o T VeryLow e e
. . . . % 1 Vacuum :gz;i{:taei:cl;rk}e E:‘:ec(tji\ﬁ;(:::a) Slli-%r:ly :?c::lvrt'rll_le. too low for bacterial
devices. This research focused on generating plasma using a 1 % o 2 eowm  Foorhoriie Sectslar . Voumo woloworbscra
Soiaichbie flangs, | B v consistenc ase asma ro . color change.
. o o . 3places——— ‘_ 312in J | 3 Vacuum Adequate Effective (air- ow Water accumulated_in ump.
custom-designed electrode system with aluminum and stainless " aomsgrom sesdiasme " Tohcaocrange iy oz
. . . . . er | PartNumber (growth) derived plasma) Very Low Treatment. Water ac_cu_m u.lated
Ste e l a S C O n d u Ct IVe m ate rl a I'S a n d 3 D B p rl nte d p O I.yl'a Ctl C a C I d ( P LA) 1' 4070024& 6 Vacuum Ineffective (no Ineffective (water- 'Il'rls‘;\a::::uil-l‘::;z :f)ll:leflul‘;:r:)a;
. . . . . DimenSions Replication VerSion 1 Of ElectrOde and Final VeI‘Sion Of ElectrOde and 0 0 1 5 3 4 5 6 growth) derived plasma) Very Low treatment. Wateraccul:nulated
as insulation. The electrode system was des|gned to operate at Vacuum Chamber Dimensions in Fusion 360 Base using Chamber Curvature Base using Chamber Curvature Current (mA) in pump (ol cilution).

Figure 10. Relationship of Current and Voltage for Electrode Design Figure 11. Impact of TSA Volume and Solidification on

Bacterial Growth, Plasma, and Vacuum Efficiency
7.00E-01 1.80E+00
Phase One @ @)
1.60E+00
6.00E-01

1.40E+00

Normal Glow Discharge conditions, achieving a pressure of 1.5 X
10~ Torr, a voltage of 500 V, and an average current of 2.21 mA.
The experiments revealed that TSA solution volumes significantly
affect vacuum performance and plasma generation, highlighting

5.00E-01

. 1.20E+00
——— Inoculation Needle

. . . . . . . ‘\"\ — Pipette _ o E“OOBOO
the need for optimization to improve efficiency and effectiveness. U ST : % o
® . 0 _EEE g 2.00E-01 g PO
Introduction - | ===
acill gg 2361 ll IS l 1.00E-01 \ > 00E-01 \-
Current sterilization methods in the healthcare industry can )
negatively impact equipment integrity, human health, and the Tryptic Soy Agar B. Subtilis Spore B. Subtilis Electrostatic Incubator rime s rime 0
. .. . . (TSA) Suspension Inoculation Confinement of Sample (30° - 35°C) ——Sample 1 Sample2  e=——Sample 3 Trandline —— Sample 4 Sample 5 —— Sample 6 Trendline
environment (Rutala, 2008). Plasma, a promising alternative, is
created by applying high voltage across electrodes to ionize gas, S e € o o
forming an electric field that generates plasma (Nwabor, 2022). I B
Effective plasma generation relies on proper insulation, voltage vl s AT AL =R
control, electrode materials, and gas pressure. In this study, Tryptic i } 5 s § s
Soy Agar (TSA) was used to grow Bacillus subtilis for testing EEAE Sl S
ey - . . . . . . Slldelmagew!th Grid Optic Microscope Gram Staining Picking Colonies * 1 ooEe00
sterilization efficacy. TSA, which includes casein peptone, sodium for Counting

e ——

chloride, soy peptone, and agar, was sourced from MP Biomedicals.
However, TSA’'s performance was compromised under vacuum
conditions. To address this, various TSA volumes and solidification
methods were tested to minimize vacuum impact to the solution.
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Figure 4. States of Matter. Source: (Britannica, 2024). Figure 5. Electrode Interaction and Circuit Dynamics

Objectives

* Design and evaluate electrode for a concentrated plasma cloud.
* Research plasma under various voltage and pressure conditions.
* Assess the impact of vacuum conditions on TSA medium stability.

Figure 9. (A) Left to right B. subtilis (6mL) samples at normal solidification and plasma treatment, (B) B.
- S subtilis (6mL) samples right after vacuum solidification, (C) Left to right B. subtilis (1mL, 2mL,
Figure 8. B. subtilis Gram Stain Slides (A) 2mL, (B) 3mL, (C) 4mL, (D) 6mL 3mL, 4mL, 6mL, 6mL) samples at vacuum solidification and plasma treatment.
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