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SELF-CONTAINED PORTABLE OZONE STERILIZER FOR SMALL MEDICAL

EQUIPMENT

CROSS-REFERENCE OF RELATED APPLICATION
[G011 This application claims priority to ULS. Provisional Application No. 62/038,171 filed 15

August 2014

BACKGROUND OF THE INVENTION

Ficld of the Invention

10021 The present invention relates to a lightweight, portable, self-contained sterilization apparatus
whose operation does not require external power sowrees. The invention, more specifically, relates to
an apparatus that uses seif-generated ozone for sterilization and disinfection of small medical, dental
and surgical instruments.  The apparatus is designed to function in field conditions where water,

glectrical power, and/or fusl sources may be absent, ungvailable, or of limited availability.

Drescription of the Prior Ant

(0037 Military clinicians and dentists ofien {face austere environments in both combat zones and
during humanitarian missions.  In these remote locations, instrument sterilization technigues
typically employed by medical treatment facilities are often unavailable or unfeasible duoe to imited
resources in the field.  Currently, contaminated medical instruoments are often transported with
patients via aircraft to distant hospitals for sterilization in large steam autoclaves, and then retrned
enclosed in sterile packaging to the surgical teams via atrerafl for re-use.  Hospital steam autoclaves

typically have 18€-20 cubic foot chambers, weigh several hundred pounds, and require at 3 minimum
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permanent steam lines, water lines, and 110V electricity for operation.

[004] Field medical facilities sometimes also are equipped with electric autoclaves onsite.
Although, these electric autoclaves are smaller than hospital steam antoclaves, they still require
special installation (such as 120 and 208-240 volt electrical lines), and consume significant amowis
of water and power per sterilization cycle.  For example, 2 typical sterilization cycle in an glectric
autoclave runs for 50-60 minutes and consumes about 1.5 gallons of potable water and approximately
12 kilowaits of power {at 236 volts}. They are also difficult to transport in vehicles due to their weight
(>100 1bs.}, bulky dimensions, and reliance on generators or other power sources for operation.
Examples of current ruggedized sterilization systern developed for use outside of traditional medical
ireatment facilities, such as M-138 portable steam sterilizer {a.k.a. Big Bertha), which weights 312
Ibs. {141.52 kg) and require water and a large external powsr source.  The newer systems, such as
STERILUCENT ™ hydrogen peroxide sterilizer system, which weights roughly 440 Ihs (200Kg) and
requires external power and hyvdrogen peroxide. Though effective at sterilization, these systems are
cumbersome, require additional consumable resources, which present logistical issues in g primifive
environment. The development of g troe poriable, self-contained sterilizer system remains a oritical
need for forward-deploved care providers,

(00351 Currently, three common methods were used for stertlization medical/surgical/dental
mstruments: conventional moist heat method, radiation method, or chemical sterilization method.
Conventional moist heat sterilization requires bulky autoclaves and significant amounts of power fo
generate steam. The high temperature used in some of these systems are offen damaging to
specialized components of nearby heat-sensitive tools and equipment.  Radiation sterilization also
requires special power supply, and often needs to be housed in shielded enclosures.  Chemicsl

sterilization has the potential to be conveniently portable, which has led to the claims of pertable
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disinfection, but not complete sterilization.  The chemical methods often cannot achieve
sterilization/disinfection in convenient times.

(0067 Furthermore, most chemical method achieves sterilization via controlied chemical processes
killing microbial contaminants.  This requires either 1} divect transportation of biocidal chemical
agents to location in safety carriers, or it) transportation of the appropriate chemical precursors and
heavy-duty chemical equipment to location, and chemically generating biocidal agents or
sterilization conditions on-stie.  In both cases, the chemical sterilization system is not truly
self-contained as its operation still requires fransportation of biocidal chemicals or heavy-duty
equipment, which often creates logistical challenges for austere environments or "in theatre” use.
For exaraple, the production of chloride dioxide gas reguires sodinm hypochiortie and chlorine gas, if
using the dry process; and sodium hypochlorite and hydrochloric acid, ifusing the wet process
{Lowe, Gibbs, Iwen, Smith, & Hewlett, 2013; Rastogi et al,, 2010).  Asrosolized hydrogen peroxide
relies on a source of 5% hydrogen peroxide to generate the aerosol {(Andersen et al., 2006}, while
carbon dioxide gas reqguires a tank of carbon dioxide (Zhang et al., 2006},

10077 Attemipt has been made to design a portable chemical sterilizer that uses only a small amount
{approximately 0.25 1b.} of sale, dry, chemical reagents.  Patent No. 8,133,450 10 Doona et al.
describes a portable chemieal sterilizer adapted to controllably generate sterilization conditions inside
the apparatus using a chemical combination.  Mixtures of specially formulated iron-activaied
magnesium Mg (Fe) containing salt, sodium chiorite (NaCl02), sodium sulfite (Na2803), and
sodiurn hyvdrogen ascorbate (CHT706Na), which are packed in the sterilizer, react in water and
produce of biocidal chlorine dioxide, heat, and relative humidity reguired for the sterilization.
Although, this chemical based stertlizer is Hght-weight and self-comtained, the chemical combination

used for sterilization needs 1o be frequently replaced, which stili pose logistic problems relating to the
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fransportation and storage of these chemicals.  Furthermore, after sienilization, gaseous chemical
reaction products or excessive heat is refeased divectly into the envircrument housing the sterilizer,
which renders this sterilizer unsuitable for use in a sroall enclosed area.

{00%] Hecently, non-thermal plasmas have been shown to be efficient at killing microorganisms
on heat sensiiive materials, but the supply need of reagent gas continues to create logistical
challenges for a fisld deployable chamber systern (Venezia, Orrico, Houston, Yin, & Naumova,
2008; von Keudel et al, 2010,

[009]  The utihization of ozone technology for sterilization/disinfection is the focuses of other
studies. Some examples of medical equipment sterilization systems that wiilize humidified ozone
as the sterilization agent are described in patents to Masuda, U8, Pat. Neo. §,120,512 and 1o
Karlson, U.S. Pat. Mo. 5,069,880; and a plurality of containers and chamber arrangements for use
in sterilization processes utilizing ozone as the effluent are shown in patents to Anderson, et al,
118, Pat. No. 5,118,471, and to Lutz, U.S. Pat. No, 5,087,419, The czone technology has many
advantages over other sterilization methods, [t eliminates pre-conditioning, does not require post
sterilization dwelling, and allows heat-sensitive devices to be sterilized without compromising
materials compatibility, product quality or integrity, while allowing for a rapid turnaround
room-temperature sierilization method for medical and dental devices.  However, these systems are
often bulky and non-portable requiring external ozone or electrical sources.  Nor have such earlier
systems monitored conditions in the steritization chamber or deal with the detection, ventilation,
destruction and overall management of transient sterilizing agends that may have inadvertently
gacaped into the environment during sterilization operation.

100107 Handheld orone sterilizer has been developed, but mostly for sterilization of food and

articles of daily use, such as those described in Chinese Patent No. CN 2142020 and Chinese

-
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Patent No, ON 202945057, However, these devices are not powerful enough to provide the

sterilization required for medical setting.
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DESCRIPTION OF THE FIGURES

(001} FIG 1. Schematic of the ozone sterilization Chamber System.

(0021 FIG 2. Normalized turbidity at 0.5, 600nm of 4cimeiobacter bavpmannii strain BAA 1605,
The pzone treated plates of bacteria were exposed to ozone for 5, 15, 30, or 60 minutes at an czone
output of 25%, 50%, 75%, or 130%. Conirol plates of bacteria were left unireated for equivalent times.
Post-treatment, culture media was added and incubated overnight at 37°C. Twbidity was assayed by
absorbance at 600nm for both controls and ozone {reated cultures. Ozone treated samples were
normalized versus control samples, and averages plotted. Ervor bars indicate standard deviation of
three technical replicates.

{0031 FIG 3. Normalized turbidity at O.D. 600nm of dcinernhacter baumannii steain ATCC 17961
The ozone treated plates of bacteria were exposed to ozone for 5, 15, 30, or 60 mimues at an ozone
output of 25%, S0%, 75%, or 100%. Control plates of bacteria were left untreated for equivalent times,
Post-treatment, culiure media was added and incubated overnight at 37°C, Turbidity was assayed by
absorbance at 600nm for both controls and ozone freated cultores. Ozone treated samples were
normalized versus control samples, and averages plotted. Error bars indicate standard deviation of
three technical replicates.

{0041 FIG 4. Normalized turbidity at G0 600nm of Acineiobacrer baumannii strain ATCC
19606, The ozone treated plates of bacteria were exposed 10 ozone for §, 15, 30, or 60 minutes at
an ozone output of 25%, 50%, 75%, or 100%. Control plates of bacteria were left untreated for
equivalent times, Post-treatment, culture media was added and incubated overnight at 37°C.
Turbidity was assayed by absorbance at 600nm for both controls and ozone treated cultures, Ozone
freated samples were normalized versus control samples, and averages plotied. Error bars indicate

standard deviation of three technical replicates.

&
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{0031 FIG S, Normalized turbidity at O.D. 600nm of deinetobacter baumannii strain ATCC 19003,
The gzone treated plates of bacteria were exposed to ozone for §, 15, 30, or 60 minutes at an ozone
output of 23%, 3096, 75%, or 100%. Conirol plates of bacteria were lefl unireated for equivalent times.
Post-ireatment, culture media was added and incubated overnight at 37°C, Turbidity was assayed by
absorbance at 600nm for both controls and ozone treated cultures, Ozone treated samples were
normalized versus control samples, and averages plotted. Error bars indicate standard devistion of
three technical replicates.

[006] FIG 6. Normalized turbidity at 0.1, 600nm of Acineiobacter baumannii strain WRAMC #13,
The ozone trealed plates of bacteria were exposed to ozone for 5, 15, 30, or 60 minutes at an ozone
outmnt of 25%, 50%, 75%, or 100%. Control plates of bacteria were [eft untreated for equivalent
times. Post-treatment, culture media was added and incubated overnight at 37°C. Turbidity was
assayed by absorbance at 600nm for both controls and ozone treated cultures. Ozone treated samples
were normalized versus control samples, and averages plotied. Error bars indicate standard
deviation of three technical replicates.

[0G7) FIG 7. Normalized turbidity at O.D, 600nm of Bacillus subdlis strain JH 642, The ozone
treated plates of bacteria were exposed to ozone for §, 13, 38, or 64 minutes at an ozone ouiput of
25%, 50%, 75%, or 100%. Control plates of bacteria were left untreated for equivalent times,
Post-treatment, culiure media was added and incubated overnight at 37°C. Turbidity was assayed
by absorbance at 600nm for both controls and ozone treated cultures. Ozone treated samples were
normalized versus control samples, and averages plotied. Error bars indicate standard deviation of
three techuniecal replicates.

[008] FIG 8. Normalized turbidity at .1 600nm of Escherichia coli sirain IM 108, The ozone

treated plates of bacteria were exposed to ozone for 5, 15, 30, or 60 minutes at an ozone output of
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25%, SO%, 75%, or 100%. Control plates of bacteria were left untreated for equivalent times.
Post-treatment, culture media was added and incubated overnight at 37°C. Turhidity was assayed
by absorbance at 600nm for both controls and ozone treated cultures, Uzone treated samples were
normalized versus control samples, and averages plotted. Frror bars indicate standard deviation of
three technical replicates.

(0091 FIG 9. Normalized tubidity at 0.0, 600nm of Kiebsiella preumonia strain BAMC 07-18. The
ozone treated plates of bacieria were exposed to oxone for 5, 13, 30, or 60 minutes at an ozone output
of 25%, 50%, 75%, or 100%. Control plates of bacteria were left untreated for equivalent times.
Post-treatment, culture media was added and incubated overnight at 37°C, Turbidity was assayed by
absorbance at 600nm for both controls and ozone treated cultures. Qzone treated samples were
normalized versus control samples, and averages plotted. Error bars indicate standard deviation of
three technical replicates.

(0010} FIG 10, Nonmalized turbidity at O.D. 600nm of Kiehsiella preumonia sirain xen-39. The
ozone treated plates of bacteria were exposed to ozone for 5, 15, 30, or 60 minutes at an ozone oufput
of 25%, 50%, 75%, or 100%. Control plates of bacteria were left untreated for equivalent times.
Post-ireatment, culture media was added and incubated overnight at 37°C. Turbidity was assayed by
absorbance at 600nm for both controls and ozone treated cuburss. Ozone treated samples were
normalized versus control samples, and averages plotied. Error bars indicate standard deviation of
three technical replicates,

(00111 FIG 11, Normalized turbidity at Q.0 600nm of Klebsiella prewmonia strain IA-525. The
pzone treated plates of bacteria were exposed to ozone for 5, 13, 39, or 60 minutes at an ozone output
of 2596, 30%, 75%, or 100%. Control plates of bacteria were left untreated for equivalent times,

Ao
5
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Post-ireatment, culiure media was added and incubated overnight at 37°C. Turbidity was assaved by

e
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absorbance at 600nm for both controls and geone treated culnwes, Ozone treated samples were
normalized versus conirol samples, and averages plotted. Ervor bars indicate standard deviation of
three technical replicates,

[O0121 FIG 12, Normalized turbidity at Q.1 600w of Pseudomonas aeruginosa strain Xen-41,
The orone treated plates of bacteria were exposed to ozone for 5, 15, 30, or 60 minutes at an ozone
output of 25%, 50%, 75%, or 100%. Control plates of bacteria were left untreated for equivalent
limes, Post-treatment, culture media was added and incubated overnight at 37°C. Tarbidity was
assayed by absorbance at 00nm for both controls and ozone treated cultures. Ozone treated
samples were normalized versus control samples, and averages piotted. Error bars indicate
standard deviation of three technical replicates.

{00131 FIG 13, Normalized turbidity at 0.1, 600nm of Pseudomonas aeruginoesa strain BAMOC
{(37-4 The ozone treated plates of bacteria were exposed o ozone for §, 15, 30, or 60 minutes al an
pzone output of 25%, 30%, 75%, or 100%. Control plates of bacteria were left untreated for
equivalent times. Post-treatment, culture media was added and incubated overnight at 37°C.
Turbidity was assayed by absorbance at 600mum for both controls and ozone treated cultures. Ozone
reated samples were normalized versus control samples, and averages plotted. Error bars indicate
standard deviation of three technical replicates.

[0014] FIG 14, Normalized turbidity at O.D. 600nm of Pseudomonas aeruginosa strain PAUL
The ozone treated plates of bacteria were exposed to ozone for 5, 15, 30, or 60 minutes at an ozone
output of 25%, 50%, 75%, or 100%. Conirol plates of bacteria were left untreated for equivalent
times. Post-treatment, culture media was added and incubated overnight at 37°C. Turbidity was
assayed by absorbance at 600mm for both controls and ozone treated cultures, Ozone treated

samples were normalized versus control samples, and averages plotted. Error bars indicate
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standard devigtion of three technical replicates.

[GG15] FIG 15, Normalized nbidity st G0, 600nm of Staphylococcus aureus strain 10070, The
ozone treated plates of bacteria were exposed to ozone for 5, 15, 30, or 60 minuies af an ozone output
of 25%, S0%, 75%, or 1%, Conirol plates of bacteria were left untreated for equivalent times,
Post-treatment, culture media was added and incubated overnight at 37°C. Turbidity was assayed by
absorbance at 600nm for both controls and czone treated cultures. Ozone treated samples were
normalized versus control samples, and averages plotted. Error bars indicate standard deviation of
three technical replicates.

10016] FIG 16, Normalized turbidity at 0.D. 600nm of Staphviococous aureus strain Xen-40. The
ozone treated plates of bacteria were exposed to ozone for 5, 15, 30, or 60 munules at an ozone output
of 25%, 50%%, 75%, or 100%. Control plates of bacteria were left untreated for equivalent times,
Post-treatment, cullure media was added and incobated overnight at 37°C. Turbidity was assayed by
absorbance at $00nm for both controls and ozone treated cultures. Ozone treated samiples were
normalized versus control samples, and averages plotted. Error bars indicate standard deviation of
three technical replicates,

[G017] FIG 17, Nomalized turbidity at Q.0 600nm of Staphyiecoccus aurens strain ATCC 33591,
The ozone treated plates of bacteria were exposed to ozone for §, 13, 30, or 60 minutes at an ozone
output of 25%6, 50%, 75%, or 100%4. Control plates of bacteria were left untreated for equivalent times,
Post-treatment, culture media was added and incubated overnight at 37°C. Turbidity was assayed by
absorbance at 600nm for both controls and ozone treated cultures. Ozone treated samples were
nonmalized versus control samples, and averages plotted, Error bars indicaie standard deviation of
three technical replicates.

{0018} FIG 18, Normalized turbidity at O.D. 600nm of Staphyviococcus aureus strain TCH- 1516,

i
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The ozone treated plates of bacteria were exposed to ozone for §, 15, 30, or 60 minutes at an ozone
output of 25%, 50%, 75%, or 100%. Control plates of bacteria were left untreated for equivalent
times. Posi-ireaiment, culture media was added and incubated overnight at 37°C. Turbidity was
assaved by absorbance at 600nm for both controls and ozone treated cultures, Ozone treated
samples were normalized versus control samples, and averages plotted. Error bars indicate
standard deviation of three technical replicates.

[0019] FIG 19, Ozone Sterilization Phase. The diagrams show the primary components of the
ozone sterilizer system during Sterilization. Portions shown in grey are active or open, while
portions shown in black are inactive or closed. Grey and black dashes indicated portions that are
cycled on and off.

[0020] FIG 20, Ozone Destruction Phase. The diagrams show the primary components of the
gzone sterilizer system during destruction. Portions shown in grey are active or open, while
portions shown in black are inactive or closed.

(00217 FIG 21, User interface during primary state of operation.

{00221 FIG 22, Sterilizer wiring diagram. A simplified wiring diagram shows power distribution
to sterilization system components, A rectifier converts 128 VAC into 12VDC when the sysiem is
powered externally, and a 12 VDC battery is used when the system is powered internally. A
DBC-DC converter provides the voltage required by the ozone sensor, and an inverter provides a
high voltage AC signal to the ozone generator 1. Microprocessor-controlled relays energize the
ozone generator 1, pump 6, and solenoid valves §,

(00231 FIG 23, Ozone Sterilizer Configurations. The diagrams show the primary components of
the orone sterilizer in the two configurations that were fested,  In the open-loop configuration, atr

enters the systers through the air dryer § and exists through the sterilization compartment 4. In the
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closed-loop configuration, air {s recireulated through the system, flowing through the active ozone
generator 1 during sterilization, During the destruction phase at the end of sterilization, air is
redirected through the ozone destruction unit 7 {dashed lines).

(00247 FIG 24, Normalized turbidity of ozone treated bacteria in an open-loop configuration,
Bacteria were treated during a 60-minute sterilization cycle. Control plates of bacteria were left
untreated for the eguivalent time, Post-ireatment, sterile media was added and incubated overnight
at 37 °C. Turbidity was measured using a spectrometer for both control and treated cultures.
Treated samples were normalized to the control samples, and averages plotied. Ervor bars indicate
the standard deviation of ten technical replicates.

[0025] FIG 25, Normalized turbidity of ozone treated bacteria in a losed-loop configuration.
Bacteria were freated during a 60-minute sterilization cycle. A} E coli, BY 4. bawmannii, C} B,
subtilis, ), K prexmoniae, BY P. aeruginosa, F) 8 gureus. Control plates of bacteria were left
unireated for equivalent times. Post treatment, sterile media was added and incubated overnight at
37 °C. Turbidity was measured using a spectrometer for both contrel and freated eunltures. Ozone
treated samples were normalized o the control samples, and averages plotted. Error bars indicate
the standard deviation of three experimental and ten technical replicates.

[0026] FIG 26. Normalized turbidity of ozone treated dental instrurpents in a closed-loop
configuration. Bacteria were treated during a 60-minute sterilization cyele. Control dental
instruments were left untreated for equivalent times, Post freatment, dental instruments were
placed in sterile media and incubated overnight at 37°C. Turbidity was measured using a
spectrometer for both control and treated cultures. Ozone treated samples were normalized to the
control samples, and averages plotted, *Note: Dental mirrors results not shown. Error bars indicate

the standard deviation of four techcal replicates
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DETAILED DESCRIPTION OF THE INVENTION

00271 This application describes the utilization of a portable medical sterilization system emploving
orone technology.  The technology eliminates pre-conditioning, does not require post sterilization
dwelling, and allows heat-sensitive deviees {o be sterilized withowt compromising materials
compatibility, product quality or integrity.  This technology allows for a rapid turnaround
room-tempeF i Grature sterilization method for medical and dental devices. The mventive
apparatus is g field deployable sterilization chamber systern being developed for witlization at the
“noint-of-care” by front line medics, physicians, and dentists in austers snvironment.

{(3(28] This invention allows ozone generation by a battery-powered sterihization chamber system
solely reliant on ambient atr, thus removing the current needs for external electrical sources, or
additional cargo required as in gaseous or liquid sterilizers,

[0029] An embodiment of the inventive ozone sterilizer comprising ozone sterilizer system
contained in a ruggedized and portable case with seven primary mechanical components that are
monitored and controlled by a microcontroller, The ozone sterilizer assembly comprising: 1) an
ozone gencrator 1, 2) an ozone sensor 2, 3) a humidifier 3 4) a sterilization compartment 4, 5) an air
dryer 8, 6) a pneumnatic pump 6, 7} an ozone destruction unit 7 (FIGs 15 and 20).  The pump 6
circulates alr through the system, and solenoid valves 8 direct air flow to different portions of the
system depending on the status of the sterilization cycle.  In the Sterilization Phase, the ozone
generator 1 is active, and the pump 6 circulates czonated air into the sterilization compartment 4,
while recycling air from the sterilization compartiment 4 back to the generator ¥, An ozone sensor
2 mondtors the generator output, and when the orone concentration reaches a target level, the
sterilization timer begins. The humidifier 3 switches on and off to add moisture to the sterilization
compartment 4. After the sterilization cycle is complete, the gzone generator ¥ turns off, and

13
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solenoid valves 8 redirect air to the ozone destruction unit 7 to convert any reraining ozone back
into oxygen.  The air dryer 8 is used to remove moisture from incoming air entering the system to
ensure proper functions and extend life of the pump &, ozone generator 1, and ozone sensor 2.
System Componenis

{0030] Orone Generator 1 - Ozone is powerful oxidizing agent that is unstable at high
concentrations, which guickly decaying inio oxygen.  For a stenilizer to be practical for field-use,
ozone must be generated by the system (Guzel-8eydim, 2003}, Ozone can be produced from either
pure oxygen, or amiient air, via either UV lght or a corona discharge, and has been shown o be
effective at killing bacteria, including spores (owalsks, Bahofleth, & Whittar, 1998; Nagayoshi
et al., 2004; Young & Setlow, 2004). In an embodiment of this inventive system, the corona
discharge method is employed to generate ozone. Corona discharge is g cost-effective, small
form-factor method for producing ozone from ambient air, which can result in high ozone ouiput
with relatively low energy costs compared to other gzons-genersting technigues (Summerfelt,
1997). The ozone generator 1 produces heat as a byproduct, which reduces the efficiency of the
generator 1, so heat removal was an important design consideration for the system (Carling, 1982),
The corong discharge generator selected for this invention features a tube design with heat sinks
running the full length of the tube, Cooling fans may also be incorporated into the system to
remove excess heat and maximize generator efficiency,

{00317 Ozone Sensor 2- An ultraviolet (UV) system ozone sensor 2 may be used (0 measure ozone
concentration entering the sterilization compartment 4 by weight, The sensor 2 compensates for
temperature and pressure fuctuation, and uses two detectors, one o measure ozone coneentralion,
and the other 10 adiust for changes in the UV light intensity, allowing the sensor 2 to operate for

extended periods without calibration or maintenance.  The ozone sensor 2 provides feedback to

enst
L
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the system's microcontroller or processor to ensure the sterilization compartment 4 receives the
target ozone concentration during the sterilization eycele and to verify that all ozone s removed
during the destruction phase. The sensor 2 selecied for the prototype system contains a
microprocesser and can communicate with other devices using the RS232 serial communication
protocol.

(00327 Homidifter 3- Previcus tests have shown that gaseous ozone in the presence of moisture is
more effective at killing bacteria than dry ozonated atr. Therefore, g bubble humidifier 3 was
added at the inlet of the sterilization compartment 4 to add moisture to the air entering the chamber
{Sharma, 2008). A second input fo the sterilization compartment 4 bypasses the humidifier 3,
allowing humidity to be controlied by switching the humidifier 3 branch on and off In an
embodiment, the humidifier 3 compartment is made of polycarbonate and filled with water. A
crushed glass stem circulates ozonated air into the water, producing small bubbles, allowing
moisture to be picked up by the dry, ozonated air.

[0033] Sterilization Compartroent 4 ~ A sterilization compartment 4 was designed to hold small
medical instruments,  The prototype sterilization compartment 4 measures 13" x 6" x 6", The
compartment 4 has a hinged top with an airtight seal to prevent ozone from escaping during the
sterilization cyele.  The compartment 4 is consirueted of oxone-compatible polyearbonate siding
with a silicone seal. Medical instruments are placed on a stainless steel mesh, resting
approximately 1 inch above the base of the compartment, to maximize surface contact between
instruments and the ozonated air.

[0034] Air Dryer 8- Several system components, including the pump 6, ozone generator 1, and
ozone sensor X, require dry air {o operate efficiently.  Therefore, an air dryer 8 is placed at the

input of the sterilization system to remove any moisture added by the humidifier 3 (Carlins, 1982).
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In one embodiment, the air dryer § is made of stainless steel, and uses a rechargeable silica
desiccant. A moisture indicator placed downstream of the air dryer § indicates when the desiccant
is saturated.

(00357 Pump & — A disphragm pump is selected that features all ozone-compatible wetted
materials, including a Teflon-coated aluminum head, and a Telflon diaphragm. The pump 6 i
driven by a brushless DO motor, which pushes air through the system at a rate of § liters per
minute, resulting in a full air exchange in the sterilization compartment 4 approximately once
every minuie,

{00361 Ceone Destruction unit 7- A high flow, high concentration ozone destruction unit 7
destroys the ozone at the end of the sterilization cyele is also included in the inventive system o
ensure the device operator in enclosed environment is not exposed to ozone when the sterilization
compariment 4 is opened.  During sterilization phase, the destruction unit 7 is bypassed, but once
the cycle is complete, all air in the sterilization system is divected to the czone destruction unit 7,
The ozone destruction unit 7 may be made of stainless stesl and uses a low-temperature oxidation
catalyst to eliminale remaining ozone by converting it info oxygen.

[0037] The stertlization system is controlled by a microprocessor or microconirolier, such as
Arduine Mega microprocessor, The microprocessor receives user input, provides status
information to the operator, communicates with the ozone sensor 2, controels the ozone generator
1 and pump 6, and actuates solenoid valves 8 that distribute air flow to different portions of the
system. Any common interfaces for the microprocessor/microcontroller may be used to display
information during operation and accepts jnputs. The inferface used for the prototype isa 3.27
LCD wuchscreen panel that allows user input via virtual butions,

[0038] The portable medical sterilization system this invention may operate in either open-loop
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configuration or closed-loop configuration (FIG 233, In the open-loop configuration, ambient air
enters the system through an air drver § and is pumped through the ozone generator 1, humidifier, and
inio the sterilization compartment 4. The air dryer 5 removes moisture from air enfering the system,
increasing the output of the ozone generator 1 and extending the life of the pump 6, ozone generator 1,
and ozone sensor 2. The humidifier 3 adds moisture to the air prior (o entering the sterilization
compartment 4, which has been shown to facilitate the ozone sterilization process (Sharma, 2008).
(rzonated air exits the sterilization chamber and vents ingo an enclosure, such as a fume hood. Inthe
open-loop configuration, average ozone concenirations range between 4.2 and 6.3 g/Nm3. Peak
concentrations are generated at the beginning of the cyele and fall slightly to a steady-state value at
arpund 20 minutes.  Fhumidity levels range between 65% and 75%, and the temperature gradually
rises during the process, beginming at 29 °C and reaching 33 °C at the end of the cycle.

{0038] The closed-loop configuration expands on the original design and affords a greater level of
efficiency and control over envirenmental parameters during the sterilization process.  The process is
split inte two distinet phases: sterilization and destruction.  During stertlization, the ozone generator 1
is active and the pump & circulates ambient air through the closed-loop system. Onee the sterilization
cycle is complete, the system enters a destruct cycle fo eliminate remaining ozone.  The air circulating
through the sterilizer is diverted to an orone destruction untt 7, which contains an oxidation catalyst
that converts the remaining ozone into oxygen. The recirculating air passes through the destruction
unit 7 multiple times t© ensure the ozong is removed before the sterilization compartment 4 is opened
{Dory, 2014}, Average ozone concenirations in the closed-loop configuration range between 3.4 and
6.8 g/Nm3, again peaking at the beginning of the cycle. Humidity and temperature level are consistent
with the open-loop corfiguration, 65-75% and 29 - 33°C, respectively.

{00407 There are five primary states of operation of this inventive sterilizer controlled by inpuis

]
i3
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from the user via a microcontroller or processor: Idie, Setup, Maintenance, Sterilization, and
Destruction (FIG 21). When the system is turned on, the device first enters the Idle State, in which
the ozone generator 1 is off, the pump & is off, the alr vent is open, the ozone destruction unit 7 s
bypassed, the humnidifier 3 is bypassed, and the ozone sensor 2 is energized.  For the prototype
systerm, the ozone sensor 2 requires a § S-minute warni-up period; therefore, as soon as the ozone
sensor 2 is energized, a | 5-minute interngl timer hegins.

{00417 From the Idle State, the user can enter the Setup state. The Setup window allows
sterilization cycle parameters to be defined and saved. The user can set the sterilization runtime,
destruction runtime, and minimum threshold ozone concentration for the sterilization cyele.
During the siertlization cvele, the sterilization runtime timer begins only once the minimum
threshold concentration is reached.  From the Setup window, the user can also define the duty
cycle of the humidifier 3 and the ozone generator 1. For instance, the ozone generator 1 can be
configured to turn off once an upper threshold is reached and turn back on once the ozone
concentration fall below a lower threshold, allowing the system 1o conserve energy. When the user
presses the "Save and Exit” button, the values are stored in the microprocessor's memory, and
processor returns (o the Idle State.

[0042] The Maintenance state allows the user to actuate different components of the system
independently to facilitate troubleshooting and maintenance. The ozoune generator 1, pump 6, and
actuating valves 8 can be independently toggled on and off. When the user exits the Maintenance
window, the valves 8, pump 6, and generator 1 are all returned to Idle State values,

{00437 When the "Start” button is pressed on the Idle State window, the sterilization state begins.
The processor first checks the status of the orone sensor 2 warm-up timer. After the required

1 S-minute warm-up period, the processor initializes the ozone sensor 2, and checks the ozone
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sensor status to ensure there are no faults. I an error ocours, a window indicates the faulf to the
user, and the system returns to the Idle State.  Ifno errors oceur, the sterilization cyele begins. The
ozone generator 1 and pump & turn on, the vent closes, and the ozone destruction unit 7 is
vypassed. The processor monitors ozone concentration, and, the sterilization timer begins once the
concentration reaches the user defined threshold.  If ozone conceniration falls below threshold at
any time during sterilization, the sterilization timer pauses. If the "Stop™ button is pressed while
the system is in the Sterilization State, the processor will advance to the Destruction State,
Otherwise, once the sierilization timer reaches the defined sterilization runtime, the processor
automatically enters the Destruction State.

{(30344] In the Destruction State, the ozone generator 1 is turned off, and solenotd valves 8 direct air
through the ozone destruction unit 7. When the ozone concentration reaches zero percent, the
destruction timer begins. The system continues © operate in the Destruction State until the
destruction time reaches the defined destruction runtime, I the "E-Stop” button is pressed while
the device is in the Destruction State, the processor will return fo the Idle State; however, there
may still be ozone circulating in the system, so stopping the device using this method is not
recommended. Ctherwise, the processor indicates to the user when the sterilization is complete,
and the system returns to the Idle Siate,

{0045] The ozone sterilizer can be operated using battery power or standard 120 VAC power. A
mechanical switch selects the type of power used during operation, The battery pack used for the
systemn may features g high discharge current and a long lifecycle, such as a 12 VDO, rechargeable,
iithiom iron phosphate batter. This battery pack provides approximately 6 hours of continuous
runtime, and an indicator on the user interface displays the status of the battery, When operated

using 120 VAC, a rectifier converts the 120 VAU into 12 VD, The 12 VDU power, whether
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generated by the battery or the rectifier, is regulated to the voltage reguired by individual system
components, In the prototype system, all system components are conirolled by TTL level digital
signals generated by the Arduino microprocessor. The TTL level signals drive a bank of
opio-isolated solid-state relays, which apply or remove power to the ozone generator 1, pump 6,
and air distribution valves 8 depending on the state of the controller (FIG 22).

{0046] It will be undersiood that many additional changes in the details, materialsand arrangement
of parts, which have been herein described and illustrated in order fo explain the nature of the
invention, may be made by those skilled in the art within the prineiples and scope of the nvention

as expressed in the appended claims.

Examplel: Stenlization Tests Using Qeone
{30471 A series of sterilization tests were conducted to evaluate of the prototype, ozone generating
deployable chamber and its ability to kill a series of military medicine relevant microorgarsms,
inchuding: Meshicillin-resistant Staphylococcus oureus (MREA, Pseudomonas aeruginose, Klebsiella

prewmoniae, Escherichia coli, Bocillus subtilis and Acinetobacter baumanniiy.

METHOD AND MATERIALS

Bacterial Strains

[0048] Sevenieen strains of bacteral cultures representing Gram positive and Gram negative species of
various morphological types (rods, coced, or coceobacillary formes) were tested for their survival afler
exposure to ozone, Bacteria included strains of deinerobacier baumanmii, Klebsiella prewmonia,
Escherichia coli, Pseudomonas aeruginosa, Stapinlococeus aureus, and Bacillus subtilis (Table 1),
Bacterial stock cultures were generated by growing cultures on 100mmm plates containing nutrient agar at
3P0 overnight. A single bacterial colony was picked using a sterile toothpick and added to 3 ml of sterile
trypticase  soy broth or nutrient broth for 4. bawenannii in 2 14 mi sterile polvpropylene tube overmight at

20
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37°C without shaking. Ovemight grown culiures were mixed with sterile ghveerol 1o generate a 50% glycero]
stock and aliquoted into cryovials at 100ul each and stored at -80°C.

Table I. Bacterial Strains

Mo, Name Marking Nu:::g;zgg@m
i Aginetabacter basynsanii AB-T or 5¢-1 ATTC BAA-1688
2 Acinerobacter bawmanil AB-2 or St-2 ATTC 17961
3 Acinetobacter baumannii AB-3 or 83 ATOC 153606
4 Acipeetobacter bamannii AB-4 or B84 ATTC 19083
& Acinatabacter bamanni AB-§ or 5t-6 WRAMO #13
& Kleboiclln puewmonias KP-8or 5t-8 BAMO §7-18
7 Klebsiclia pnanonice KP-9or5i-9 Xen- 3%

8 Kiebsialla pnorenonice BEP-18or 5618 TA- 835
g Escherichio ool EC- 11 or 811 Jhd 169

i Psaudomonas aeruginasa PA-14 or St-14 Ken-43

i1 Pyoudomonas seruginess PA ~ 18 o1 5¢-13 BAMOG7-4

12 Pyeudomonas geruginess PA- 16 or 5116 BA 03
13 Staphylococcus anress SA- 17 or 8817 3 D070

i4 Staphiylecocons aureus 84 ~ 18 or 8-18 Nen 48
i8 Kraphyiococeus aureus BA ~ 19 or 5119 ATCC 33893
i6 Sraphpiococcus aurens BA - 22 or 8822 TCH 1516

17 Bacilluy subeilis B5-23 or S-23 JEE 642

Czone Stevilization Chamber System Provatype

[0049] The ozone generator (Model MP 8000 from A2 Czone Inc., Hudson, WEHY was connected to an

1
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ozone monitor (Model 454, Teledyne Instrumentations, San Diego, CA) via tygon tubing (outer diarseter
G, inner diameter dmim), and subsequenty to the sample case (Pelican 1500, Pelican Products, Torrance,
CA) with dimensions 19" x 14.5" x 6.5" (1 x wx b} (depicted in FIG 13 (Dory, 2014} A small hole was
drilled in the back of the briefoase with an inner dismeter of 7w through which the tubing was run through,
The ozone chamber was placed in a certified chemical safety fume hood for all studies.

Uzone concergration defection

003507 The ozone concentration was determined by UV using the Teledyne model 4534 ozone monitor
{Teledyne Instrumentations, San Dhego, CA), which can detect orone from 0-50/Nm with an acouracy of
+1%, Czone concentrations were continuousty moniiored at each ozone output % for the entire

experimental test period ranging from 5 minutes o 1 hour,

(zone freatment of bacteria

{00517 Except for Acinefobacier baemarni, bacterial strains were inoculated ata 1: 100 dilution using the
frozen culfure stock inte 3.0 mi of sterile trypticase soy broth in a 14 mi sterile, polypropylene tube and
grown at 37°C without shaking, Acinefobacter bawmarmii was grown In nutrient broth. Ten microliter
aliquots of the overright cultures were plated In duplicate in 1 2-well plates (Coming Ine., Coming, NY) for
both the ozone expoesure and contrel plates. Control plates were incubated in a laminar air-flow purifier
hological safety lab chamber, for equivalent time periods consistent with ozone treated cultures, Bacteria
were exposed 10 ozone ouiputs of 25%, 50%, 753%, and 100% for 5, 15, 30, or 60 minutes. Percent killing
was assayed by a standard spread plate or turbidity assay.

Spread plate assay

{00521 Afler ozone exposure, 200 ul of sterile wypticase soy broth was added to each well of the ceone
wreated and witreated plates and samples wers transferred to sterile 100mm plates containing nutrient agar,

Bacteria were spread onto the plates using a LAZY-L-SPREADER™ (Sigrma, White Plains, NY) and

5y
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allowed (o grow gvermnight at 37°C without shaking. Colony forming units were manually counted and
results were vecorded as M+, >300 colondes; *++, 100-300 colonies;™, <1{ colonies, and ', no
growth, All samples were analyzed as technical duplicates.

Turbidity assav

00537 After orone exposure, 2.0 ml of tryptie soy broth (or nutrient broth for 4. bavenarmii} was added to
each well of the orone treated and untreated plates and incubated overnight at 37 °C withowt shaking.
Following overnight growth, plates were sealed with PCR sealing film (VWR catalog # 82018-846) and
absorbance was read at 600 nm on the BIOTEK SYNERGY™ HI Hybrid plate reader (Biotek, Seatile,
WAY using GENS™ software version 2.01. Turbidity was normalized by dividing the average turbidity
of the ozone exposure wells by the average turbidity of control wells, The average turbidity of the

control wells was setioc 1.0,

Bacrerial counting by serial difution

{03547 Bacterial counting for each strain was performed by generating 10-fold serial from 10 0 107
Bacteria were spread onto nuirient agar plates in duplicate by adding 100 1 of each dilution to each
plate and grown overnight at 37°C without shaking, Dilution plates showing between 30-300
colonies were counted and the colony count was averaged from the duplicate plates and expressed

in colony-forming units/ml (CFU/mi).
RESULTS

Ozone CGuipyt of Prototvpe Sterilization Svstem

00551 The protolype ozone generator utihized for sterilization was rated at a maxunuwm ozone
P ¢ A 2ye 2 s .
output of § g/Nm” when utilizing a pure gaseous oxygen source. However, given the desire for

utilization of ambient air as the source for orone generation, it was imperative o determine the
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ozone output under ambient air conditions. The ozone output was measured under four
manufacturer settings, 25%, 50%, 75%, or 100%, at time periods ranging from § minutes o 60
minutes, The ozone output utilizing ambient air ranged from an average ozone concentration of 1.6
g/Nm’ a1 25% output to as high as 4.7 o/Nm” at 100% output, far below the manufacturer's reporting

ot & g/’Nm3 at 100% uiilizing pure gascous oxygen {Table 2},

Table 2. Percent Ozone Generated in Sterilization Chamber System at 25%, 50%, 753%,
and 180% Oulput

Ozone Genersted (g/Nm )

Time {minutes) 25% $0% 75% H30%
§ 1.6 g/Nm’ 23 g:ng 2.8 g/Nm’ 47 g;’Ninz
(1.4-1.8) (20-1.6} (2.43.1) (4451
15 1.9 g/Nm’ 2.5 gNny’ 3.0 g/’ 4.2 g/Net’
(1LE2.0) (2427 (2.8-3.2) {4.0-4.5)
36 2.1 g’ 2.6 g/Ni’ 3.1 gNm’ 4.0 p/Nnt’
(2.0-2.2) (2,527 (3.0:3.2) (3.84.1)
60 22 g/’Nﬁf 2.7 g/Nnt’ 3.2 /N’ 18 g/N3113
(2.1-2.4) (2.6-1.8} (1.0:3.2) {3.7-4.0

Note, Grone generated at 23%, 50%, 75%, and 100% output was measured by UY. Average
ozone concentration and range of three experimental trials are reported.

(Czone Killing of Bocterio

[0056] The composite spread plate assay results of all ozone killing studies demonstrate 100%
killing of all bacteria specics when exposed to ozone for 60 minutes at all four ozone ouwlpuis
evaluated {Tables 3-6).

24
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Table 3. Spread Plate Assay Results from 258% Ozone Output

28% Uzone Output

Contred Crrone-tregted

Time {minutes) Time (minuies)

i5 36 &8 5 15 36 &8
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Note. Bacteria were treated with and without ozone for §, 13, 30, and 60 minutes and then spread
on plates. “+++°, 300 colonies, “++ 100-300 colonies, *+°, <10 colonies, *=--*, o growth.
Plates were assayed in technical duphcate.
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Table 4, Spread Plate Assay Results from 30% QOzone Ouipud

6% Ozone Output
Control Crzone-treated
Time (minuies) Time (minutes)
Strain 8 15 36 SE g i% 38 &0
AB-1 siedeb et . - ——
AR + + fooed ; o - -
AT F— o ot " R o —
AT4 + + RN RS NENEE N N Y 4 e
age | + foedeed Sode ] e i e -~
KP.8 it g - - - n . -
KP.9 + 4 4 gt + e e
wpag | YT - PUNRE R - —
B0 et - ot n T o - -
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BAL15 ; + it T \ . . .
PA-16 fopend + ERRN kS bt ——— —n o
TR R § £ e
sa-18 | et i S e
SA-19 okt ek St Y — o
QA2 o Lok et e e feocdende . .
8S.23 et et e o .

Note, Bacteria were treated with and without ozene for 5, 13, 30, and 60 minutes and then spread
on plates. 47, >300 colonies, “++7 100-300 colonies, *+’, <10 colonigs, **, no growih.
Plates were assaved in technical duplicate.
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Table 5. Spread Plate Assay Hesults from 753% Qzone Outpud

T8% Ozone Guiput
Contral Orzone-treated
Time (minufes) Time (minutes)
Strain 8 18 3¢ & 5 i85 36 &4
amy | y —— —— .
AR b e o -
AB-3 N - o o
AB-4 i ) ’ ) o o o
JE U 3 P . o
KP.8 i - -
Kpo | P oy 5 —— o
- 7 . —— .
EC11 - iy . o .
A4 PR I Y : . o
PAIS R IR U . - - o
ey PR PR 5 - .
AL I PN Y - .
A8 R R U IR I . o o
419 i it - - .
SA22 e e . .
BS-23 " ’ ’ o - -
Note, Bacteria were treated with and withowt ozone for §, 18, 30, and 60 muinuies and then spread

3

on plates, “+++7, 2300 colonies, “++7 100-300 colonies, “+7, <10 colonies, “---*, no growth,

Plates were assaved in techuical duplicate,
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Table &, Spread Plate Assay Resulls from 106% Gurone Output

104% Ozone Guipnt
Control Crrone-treated
Time (minutes) Thme (minuaies)
Strain 8 i§ 36 &8 & 15 38 60
ABA - g s e e
AR e SRR ot - o -
am3 | FTY EEENE . + e - e won
AD-4 RERREL foperde et wfn e = e eene
AB-6 b . et + . —— o
KP.8 b febed et e e I e
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PA 14 g . S 4] B ENEWNS fendde —— —
PAIS fooferd rreeed g o o o
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Nete, Bacteria were treated with and without ozone for 5, 15, 30, and 60 minutes and then spread
on plates, “+++7, =300 colonies, “++° 100-300 colonies, “+°, <10 colonies, *---*, no growth.
Plates were assayed in technical duplicate.
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{00571 In addition to the spread plate assay, the killing effects of ozone on each bacterium species
was further validated utilizing a turbidity assay. As was observed in the spread plate assay, the
killing effect of orone on the bacteria strains was impacted by both ozone output, as well as time of
exposure, with > 80% loss of absorbance/turbidity observed for all 17 strains of bacteria following
60 minwtes of exposure, Results for each experimental exposure condition for each bacieria
isolates are shown in FIGs 2-18: 4. baumannii (F1Gs 2-6), B, subsilis (FIG 7}, &£ coli (FIG R}, K
preumonia (F1Gs 9-11), P. geruginosa (FIGs 12-14), and 8 gurens (FiGs 15-18).
[0058] The results of this study demonsirate that gaseous ozone is highly effective at killing
bacteria at concentrations as high as 10° efw'ml. This killing effect is equivalent or superior to the
efficiency of several currently utitized sterilization systems, including heat sterilization,
formaldehyde, glutaraldehyde, and hydrogen peroxide. Overall, the data from both the turbidity and
spread plate readout reveal that a 60 winule exposire 1o gaseous ozone at an ozone concentration as
low as 1.6 g/Nm™ (25% ozone output) was sufficient to kill all 17 strains of bacteria tested.
Although some discrepancies were seen between the turbidity and spread plate readout, the 60
minute exposure time demonsirated consistent bacterial killing at all ozone concentrations tested
under both assay conditions.

Prophetic example 2: Phase I Open and Closed Loop Testing
[0059] In this phase, a diverse group of Gram-positive and Gram-negative bacterial strains, 24 in
total, were tested in the inventive sterilizer in both open and closed loop testings.  Dental instrument
were also tested in closed-loop testing.
Bacterial Strains
100607 Bacterial species tested included: 8 aurens, P. geruginosa, K preumonia, E. coli, B.

subtilis, and A. baumannii (Table 7).
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Mame

Strain ID

Military ID

Acinstobacter baumannii

ATTC BAA-18US

Acingtobacter baumannil

ATTC i

Acingtobacter baumannii

ATTC 189606

Acinetobacter baumannii

ATTC 19003

i

Acinetobacter bawmannii

WRAMC #13

Acingtobacter baumannii §T-7 WRAMC #9
Klebsislla pneumoniae ST-8 BAMC ¢7.18
Klebgiella prewmonice ST-% KEN-39

Kiebriella preumoniae

14523

JAFOR AN GO . ‘N
Escherichia colf

IMIGS

Fyendomonas geruginesa

XEN-41

[

Psendomanas geruginosa

BAMC 07

Psgudomonas geruginosa

PAOH

N

f a"f;?!?y,«’ff?é’i?é’é‘l{i quraus

HOREE

Staphviococeus gureus

Staphwiococens aurens®

ATTC 33581

Staphylococcus aurens

TCH 1818

Saciflus subtifis

JH 642

Escherichia coli

ATTC BAA2EES

Escherichia coli

TTC 51687

Fscherichio cofi

ATTC 35401

Escherichia coli

Escherichia coli

*NWote: Methic

Hlin-resistant Srapin

wiococcus aurens (MRSA)



WO 2016/025934 PCT/US2015/045434

f0081] A single bacterial colony from each strain, grown in 3§ vun nufrient agar plates at 37 °C,
was inoculated into appropriate sterile media.  In accordance with strain American Tissue Culture
Cotlection growth suggestions, Luria Broth was used for £ cofi (8T38) and B subiilis (ST23},
nutrient broth was used for all 4. baumannii strains and & cofi (8732, 8T33, and ST35), and
Tryptic Soy Broth was used for all other bacterial strains.  All cultures were grown in 50 ml
propylene conical tubes (BD #352098 and Thermo Scientific # 339653) overnight a1 37 °C with
shaking at 200 rpm. Al straing were stored at -80 °C in cryovial tubes after aliquoting 500 pl of

a 50% sterile glycerst and culture mixture,

Bacterial Sample Preparations

[0062] Bacterial strains from freezer stocks were diluted 1:100 in suitable sterile growth media in
50 mi propylene conical tubes, and grown overnight at 37 °C with shaking at 200 rpm.  The
following day, the cultures were diluted 1:10 in the gppropriate media and aliquoted into the wells
of a polystyrene, 12-well flat bottom plate (Costar #3512}, The OD600 {Optical Density 600 nm)
was read using a BIOTEK® SYNERGY™ HT spectrometer {BIOTEK®, Seattic, WA) with
GenS3TM software version 2.01.  Bacterial coltures were standardized to 1.5 OD/ml after the
QD600 was determined.  Serfal dilutions were performed o guantify inoculum populations by
generating 10-fold serial dilutions from 10-1 to 10-8.  For specific quantification, 100 ul per
dilution was spread onto nutrient agar plates and placed in a 37 °C incubator overmght,

Open-Loop Configuration Testing

(006371 Ozone Treaiment. Ten wells from a 12-well plate were tnoculated with 10 yl aliquots of

the same bacterial strain in both ozone-treated and control plates,  Bacteria were spread within the
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well and then allowed to dry inside the laminar air-flow safety cabinet, prior to ozone sterilization.
Conirel plates were closed but remained in the laminar giv-flow safety cabinet for 60 minutes.
Each bacteria strain was treaied once.

{00641 Turbidity and Spread Plate Assays. Following ozone exposure, 2 mi of sterile media was
added to sach well in the test plate and the control plate to re-suspend the bacteria.  After the
bacteria were re-suspended, 200 ul from each of the 10 treated wells and 3 control wells were
plated without dilution on nutrient agar and placed in a 37 °C incubator overnight.  Colony
forming units {CFUs) were counted the following day.  The 12-well plates with the remaining
media were placed in the incubator at 37 °C overnight without shaking. The following day, the
plates were removed and sealed with PCR sealing film (VWR catalog #82018-846) and the
OD600 was read using a specirometer.  Turbidity was normalized by dividing the average
turbidity of the ozone exposure wells by the average turbidity of the control wells.  Each of theld
treated wells and 10 control wells were measured independently.

Closed-Loon Conficyration Testing

[0063] Ozone Treatment,  Twelve-well plates were inoculated with bacteria using the same
method described for open-loop testing.  Each bacieria sirain was treated in triplicate.
Additionally, dental instruments, inchuding explorers, probes, hatchet, excavators, cotton pliers,
spatulas, and mirrors, were treated in the closed-loop sterilizer configuration.  Instruments were
placed in 50 mi propylene conical tubes containing bacterial suspensions, with bactertal
concentrations averaging 108 CFU/ml. The instruments were allowed to dry lying flat inside the
iaminar flow safety cabinet. A set of instruments was placed in the ozone sterilization chamber
on top of a flat piece of aluminum foil and exposed o ozone for 60 minutes, and the control

instrumnents were lefi in the laminar flow safety cabinet for the duration of the ozone exposure.

Lok
Tok
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Following exposure, tools were wrapped in the foil to prevent contamination and placed in the
laminar flow hood.  Each bacteria strain was treated in duplicate,

[0066] Turbidity and Spread Plate Assays. Bacterial growth in the 12-well plates was measured
using the same methods described for the open-loop testing.  For measuring bacterial growth on
the dental instruments, the ools were placed in 30 mi propylene conical tubes containing 10 mi of
sterile strain growth media for at least 15 minutes with occasional agitation.  For spread plate
assays, 100 ul of the media was plated on a 35 mm sterile nutrient agar plate.  Ten-fold serial
ditutions from 107 to 10-3 were generated and 100 i per dilution were plated for control
instruments. The agar plates were incubated overnight at 37 °C, and CFU s were counted the
following day. Remaining media from control and test instruments was kept in the counieal tubes
for turbidity testing, and incubated overnight at 37 °C without shaking. The following day, I ml
from each tube was aliquoted into one well in 8 12-well flat bottom plate, the OD600 was read
using the spectrometer, and the data were normalized using the method described above.
RESULTS

{00671 Orone Killing of Bacteria in Open-Loop Configuration

{00687 In order to replicate the results from the “proof-of-concept” experiment {example I,
representative strains of S aurews (STI18), P, geruginosa (ST14), K preumoniae (8T8), E. coli
(ST11), B subtilis (§T23), and A. boawmannii (813) were treated for 60 minutes.  Starting
concentrations of the bacteria ranged from 106 to 107 CFU/ml as determined by serial dilutions.
There was complete elimination of bacterial strains 8T3, 8T8, $T14 and ST19 in both the turbidity
and spread plate assays. F cofi 8T11 and B. subsilis $T23 were eliminated from the spread plate
assay { Table 8). There was a 97% and 90% reduction in absorbance from the turbidity

measurement, respectively, which was slightly elevated relative to the negative control {Fig. 24).

Lad
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Table 8. Spread Plste Assay Results from Open-Loop Experiments

Name Strain bilitary ID Control Treated
i {(Ne Treatment) {684 Minutes)
A, baumanaii ST3 0 | ATTC 19608 -
K. preymonioe 518 BAMO (718 om
E. cali 8T-i1 | IMI08 .
£ asruginosa ST-14 | XEN-41 b -
8 aursus ST-ig8 | ATTC 3359} -
B. subrilis 8T-23 | IH 642 -

Rofe: “++4+° indicates »300 colonies; v+’ indicates 100-300 colonies; 4+ indicates <100 colonies; and *~'
indicates no growth

Ozone Killing of Bacteria in Closed-Loop Configuration

F00697 In the closed-loop configuration all £ cofi, 4. baumannii, and B. subtilis, and K
preumonia sirains were completely eliminated after treatment, as demonstrated by the turbidity
and spread plate assays (Fig. 25A-D; Table 8). Al P. geruginose and 5 aureus straing were
eliminated in the spread plate assays. Turbidity measurements for ST16 and ST17 were slightly
glevated relative 1o the negative control (98% and 93% reduction in absorbance, respectively) (Fig.

35E and F; Table 9).

3
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Table 2. Spread Plate Assay Results from Closed-Loop Experiments

Control Tremted
{No Treatment) {60 Mlinuies)
Mame Strain hfiitary ID - - s -~ -
in - RIIN | RUN | RUN | RUN | BUN | RUN

X p 3 % 2 3
A Bavemannii 571 ATTC BAA-1605 At b - e e
A Boumannii 372 ATTC 11 b A o e -
A. Bauwmanni 31-3 APTC 19604 it g R . o ——
A. baumanii 857T-4 | ATTC 19603 et e e - — -
A. baumeannii 37-6 | WRAMO #13 4 e g - - e
A baumannii 8T-7 | WRAMOT #2 e e e - - -
K. punzumonige §7-8 BAMC 07-18 Fdd eotob e e o e
K. preumoniae 518 KEM-39 e o e s
K. prewmaoriias RU-30 { 1A-325 A . e oo
£, coli 8T-11 | JA108 A e —— -
P, geruginosa 5T-14 | XEMN-41 AR e e o

P, weruginosa ST-15 | BAMT 074 i - -

F. qeruginora 8T-16 | PADY ot e e o
& aureus 8117 | 10 6070 b - e -
5. aurgus 8T~18 | XEN-40 bbb ox mores e
S, aurgus 8T-19 | ATTC 33381 v e e
S, aurgus ST-22 | TCH 1516 Tt oo e e
B. subtilis ST-23 | Hl 42 e R o~ . o
B coli 8732 | ATYC BAA-RZ1SE propete g et e - -
E coli BT-33 | ATYC BAA-218S Ratad R s o e -
B ocoli 8T-34 | ATTC 51657 bt R  aa e oo e
E coli BT-33 | ATTC 33401 b At ek o nn e

£ cali ST-36 | ATTC 51434 4t e e - - o

E cali ST-37 | ATITC BAA-1B4 b e bt ooe e v

Note: -+ ndicates »300 colonies;, “++ indicates 100-300 oolonies, *+° indicates <100 colonies; and “eo’
indicates no growth

{Orone Killing of Bacteria on Dental Instruments
[0070] Functional testing of the orone sterilizer was performed by exposing stainless stee! dental

instruments to representative strains of 8 aurens (8TI9), £ aeruginesa (8T14)}, K preumonia

e
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(8T8, E coli (8T11)y, and 4 baumannii (ST3). B subnifis (8723} was excluded from these
experiments due to repeated fatlure of the negative controls when inoculated on the dental tools.
Turbidity assays and spread plate tests showed no reduction in bacterial load on the dental mirrors,
although significant reduction or elimination was seen on the other dental instruments. On the
other instruments, no bacterial growth was seen in the spread plate assays, with the exception of
ST8 (16 CFU'sy and 8T19 (1 CFU), and turbidity measuremenis for 8T8 and ST3 remained
elevated (<90% reduction in absorbance} (Fig. 26; Tabie 10}

Table 18, Spread Plate Assay Resulls from Dental Instrument Experimenis

Control Treated
(Mo Treatment) {60 Minutes}*
Name St;gin Milttary I WO T RN RO

1 Z 3 2

A baumannii ST-3 | ATCC 19606 dde et e o
K preumoniae] ST-8 | BAMC 07-18 e it + -
E coli ST-11 1 JMI09 et et - -
P agruginosa | ST-14 | XEN-41 -t i - e
& qureus ST-19 1 ATCC 33591 bt At + -

Rate: “++4+" indicates »>300 colonies; “++ indicates 100-300 colomes; 4+ indicales <100

colonies; and ‘---" indicaies no growth

*Mate: Dental mirror results not shown, Al treated mirrors had »300 CFU's.
[B071] During treatment of the dental instruments, signs of exidation were observed on some of
the stainless steel tools, Stainless steel typically resists corrosion and is considered to be ozone
corapatible, so other sources of oxidation were investigated.  The water reservoir used for the
humidifier 3, through which the ozonated air passes, was tested for acidity using litmus paper, and
was found to have a pH of ~1.  The reservoir water was analyzed using LCMS o determine its
constituent parts, and elevated levels of nitrate were detected in the sample, suggesting nitric acid

o be a source of the acidity.
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00727 Phase 11 results in the open-loop configuration replicated those observed in example 1.
Consistent with example 1, all bacteria straing were eliminated from the spread plate assays, and
turbidity/absorbance measurements were all reduced by »20% afier the 60- minute sterilization
cycle.  In the closed-loop configuration, the sterilizer eliminated both Gram-positive and
Gram-negative bacterial strains from polystyrene plates.  Again, all bacteria were eliminated
from the spread plate assays, and turbidity tests demonstrated 8 >90% reduction in absorbance,
{00731 No bacterial growth was observed in the spread plate assays, slight elevations in turbidity
were observed for some of the strains (§T11, 8T16, and ST19) relative to the negative control, The
slightly elevated absorbance measurements may simply be caused by debris in the media from the
dead bacterial cells.

[0074] Bacterial growth was also significantly reduced on all dental jnstruments. Remaining
growth observed on the dental instrument may also be due o inadequate air exchange with the
surface of the dental tools.  During tests with the 12-well flat bottom plates, surfaces inoculated
with bacteria were completely open and exposed to the sterilization chamber atr, whereas during
the dental instrument tests, a portion of the inoculated tools, such a3 the dental mirror was always
in contact with the floor of the sterilization compartment 4, which may have obstructed the ozone
from reaching all of the bacteria.  Elevation of the floor mesh or repeat sterilization of the tools

should further reduce the bacteria growth.
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What is claimed is:

1} An assembly for sterilizing microbiclogically contaminated objects, using

seif-generated ozone, the assembly comprises:

A,

b.

2

w

h.

a closable, portable, ruggedized case having an inner chamber;

an air dryer disposed in the inner chamber for receiving arabient alr and
removing moisture from said aiy;

an ozone generator disposed in the inner chamber for generating ozone and
adding said ozone to the air recetved from the air drver;

a humidifier disposed in the inner chamber for receiving said air from said
orone generator and adding moisture to said air;

a closable air sealed sterilization compartment disposed in the inner chamber
for accepiing one or more microbiologically contaminated objects and for
recefving air in at least minimally sufficient conditions of oczone and humidity
from said humidifier to effect microbiological sterilization of the objects inside
said sterilization compartment;

a pump disposed in the inner chamber for circulating the air through said air
dryer, ozone generator, humidifier and sterilization compariment;

a microprocessor or microcontrolier for controlling operations of said air dryer,
ozone generator, humidifier; and

a power supply for powering the assembly.

2} The assembly of claim 1 further comprises an ozone destruction unit disposed in the

inner chamber, powered by the power source and controlled by the microprocessor for

e
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o3
Nt

4

A
Nanst”

6}

&)

9)

receiving air from said sterilization compartment and converting ozone in satd air into
oxXygern.

The assembly of claim 1 further comprises an ozone sensor disposed in the inner
chamber, powered by the power source and controlled by the microprocessor for
measuring ozone concentration of the air received from said ozone generator,

The assembly of claim 1 further comprises a humidifier sensor disposed in the inner
chamber, powered by the power source and controlied by the microprocessor for
measuring humidity level of the air received from said humidifier,

The assembly of claim 2, further comprises at least one valve disposed in the inner
chamber fluidly connected {o the sterilization compartment, air dryer and the ozone
destruction  for divecting air from air dryer to the ozone destruction unit or the ozone
generator,

The assembly of claim 1, wherein said power supply is an AV eleciric source or a RC
baitery.

The assembly of claim 1, wherein said pump is connected to a motor.

The assembly of claim 1, wherein said ozone generator is a Corona discharge ozone

generator.

The assembly of claim 1, wherein said ozone destruction unit uses 2 low-{emperature

pxidation catalyst.

10) The assembly of claim 1, wherein said minimally sufficient condition of ozone 19 set

at concentration of approximately 4.2 and 6.3 g/Nur’,
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113 The assembly of claim 1, wherein said minimally sufficient condition of humidity is set

a level of approximately 65-75% at approximate 29 - 33°C, respectively.

12) The assembly of claim 1 further comprises user interface.

13} The assembly of claim 1 further comprises a timer connected to the microcontroller

and powered by the power source for setting the length of said sterilization,

14} A method for sterilizing microbiologically contaminated objects using the assembly of

claim 1, comprising

a)

b)

placing microbiologically contaminated objects inside the stertlization
compariment;

setting sufficient condition of ozone and humidity required to effect
microbioclogical sterilization of said contaminated objects;

setting the length of said sterilization;

executing said sterilization; and

removing said contaminated objects from said sterilization compartment when

the sterilization is complete.

15} A method for sterilizing microbiclogically contaminated objects using the assernbly of

claim 3, comprising

placing microbiologically contaminated objects inside the sterilization
compartment;
setting sufficient condition of orone and humidity required to effect

microbiciogical sterilization of said contaminated objects;

43
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¢. setting the length of said sterilization;

d. executing said sterilization;

. directing air fromw said air dryver to said ozone destruction unit afier the
sierilization is complete; and

f. removing said contaminated objects from said sterilization compartment after

the orone is removed from the air
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