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DESCRIPTION

SYSTEM AND METHOD FOR PREPARATION OF ANTIMICROBIAL SOLUTIONS

BACKGROUND OF THE INVENTION

The electrochemical generation of disinfective aqueous solutions has been studied for
many years and many small scale devices have been designed. Unfortunately, such systems
have had little market penetration because devices have typically proven to be unreliable and
of relatively poor quality. Furthermore, the available systems do not provide solutions that
display a sufficiently constant output quality, such that quality control requirements can be
achieved and verified. Systems that produce near neutral aqueous solutions are known and
marketed; however, these systems produce solutions of limited stability where insufficient
concentrations of HOCI are produced to allow the use of the resulting solution as an effective

sporicide.

BRIEF SUMMARY OF THE INVENTION

Embodiments of the present invention are directed to a system of preparing nearly
neutral (approximately pH 6.5) solutions comprising HOCI that have concentrations of HOCI
in excess of 100 ppm such that they can be used as a sporicide. The system is designed to be
energy efficient by using a digital DC power supply that is controlled by a microprocessor (o
impose a nearly constant current across the electrodes of an electrolysis cell with a relatively
low floating voltage. The constant current, in conjunction with a controlled fluid
composition (primarily brine concentration) and flow rate, is achieved by the microprocessor
control of the voltage from the power supply. Microprocessor control of valve positions and
pump rates in conjunction with the constant current permits the generation of a consistent
solution comprising HOCI as indicated by oxidation/reduction potential (ORP) and pH
probes situated in the effluent stream. The electrolysis cell includes end-caps that position
and seal cylindrical eclectrodes and a cylindrical porous membrane situated between the
electrodes. The anode is manufactured using a process to apply a coating on the anode. In
addition, the tab on the anode has been modified based on the surface area of the anode to

allow for a better distribution of power on the anode and to protect the coating of the anode.
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The system 1s designed to segregate solutions comprising [HOCI that achieves the set values
of ORP and pH measured at the probes from solutions that are outside of the specification
and from solutions used to clean the system. The system can allow the determination of
degradation of the system using the programmed microprocessor where the system is
automatically taken out of the production mode and placed in a cleaning mode and
subsequently returned to the production mode as needed. By attaining and maintaining a
desired constant cell conductance, brine solution feed concentration, and HOCI solution of a
prescribed pH and conductivity, an antimicrobial solution that can be relatively high in HOCI
yet display superior stability and shelf-life is achieved.

Another embodiment of the invention is directed to the preparation of a solution
comprising HOCI of more than 100 ppm HOCI, for example 500 to 1,000 ppm HOCI, or
more, with a pH of 6.2 to 6.6 at a rate in excess of 50 L/hr. The method involves the use of
the above system that uses microprocessor controlled electrolysis of a brine solution, such
that the pH is constantly monitored and adjusted to achieve the desired HOCI solution.

Another embodiment of the invention is directed to an electrolysis produced solution
comprising HOC1 where the HOCI concentration is in excess of 100 ppm and the NaCl
concentration is low where cations other than H", which exists as H30" ions in water, and Na*
do not produce a conductance value of more than 15 mS. The HOCI solutions having this
composition is an excellent antimicrobial agent where the solution is stable for an extended
period of time after production, well in excess of other HOCI solutions prepared using

presently available electrolysis systems.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of an exemplary electrolysis system for the
preparation of a solution comprising HOCI according to an embodiment of the invention
where arrows indicate signal input or output to the microprocessor.

Figure 2 is a photograph of the fluid handling portion of an electrolysis system for the
preparation of a solution comprising HOCI according to an embodiment of the invention.

Figure 3 is a photograph of the electrical portion, excluding the microprocessor, of an
electrolysis system for the preparation of a solution comprising HOCI according to an

embodiment of the invention.
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Figure 4 is photograph of the microprocessor’s touch screen display of an electrolysis
system for the preparation of a solution comprising HOCI according to an embodiment of the
invention where flow rates, pHl and ORP values are displayed during microprocessor
controlled production.

Figure 5 is a photograph of the microprocessor’s touch screen display of an
electrolysis system for the preparation of a solution comprising HOCI according to an
embodiment of the invention where pH valve setting and target and observed pH in the
system 1is displayed.

Figure 6 is a photograph of the microprocessor’s touch screen display of an
electrolysis system for the preparation of a solution comprising HOCI according to an
embodiment of the invention where a plot of pH and flow rate during production is displayed

along with the target and instant values.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the invention are directed to a system for the manufacture of
antimicrobial electrolyte solutions comprising hypochlorous acid (HOCI) for use as a
bactericide, viricide and/or sporicide. The antimicrobial electrolyte solutions comprising
hypochlorous acid (HOCI) can also be used where the oxidation of chemical compounds in
addition to, or alternatively to, antimicrobial action is required. For example, in industries
such as the oil and gas industry, the antimicrobial electrolyte solutions will reduce or
climinate hydrogen sulfide as well as microbes when used for well, storage tanks, or pipeline
treatment. The system can employ one or more electrolysis cells. Appropriate electrolysis
cells are disclosed in U.S. Patent No. 7,374,645 or U.S. Patent 7,691,249, both of which are
incorporated herein by reference. The size of the connector (tap) on the anode of the cell is
advantageously large for the surface area of the anode allowing a very uniform application of
the current to the anode and improving cell stability and electrode lifetime. The larger tap
distributes heat generated by current more evenly at the electrode surface, resulting in less
wear on the coating anode, for example an anode comprising a titanium cylinder coated with
a mixed metal oxide comprising ruthenium oxide. The system supplies a nearly constant DC
current from a digitally controlled power supply to the electrodes of the electrolysis cell that
is equipped with an improved anode having a superior coating and the large tap that permits

use for as much as 5,000 hours or more with a continuous series of working and cleaning
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cycles where the working cycle is, for example, approximately four times that of the cleaning
cycles, although the system can be adjusted to increase or decrease the periods of working
and cleaning as needed. For example in a 24 hour period, the working period can be up to 20
hours. The improved anode and system allows the production of anolyte solutions with
HOCI concentrations, for example, in excess of 100 ppm. and up to 1,000 ppm or more,
where the electrical conductance of the solution does not exceed 15 mS as residual NaCl
concentration is low, allowing the system to be used to generate antimicrobial fluids that can
be used as sporicides. The catholyte solution that is cogenerated is a sodium hydroxide
solution that can be used as a cleaning/degreaser and can be used in conjunction with the
solution comprising HOCl for some applications, for example some pharmaceutical
applications.

As illustrated schematically for an exemplary system, a microprocessor 1 is used to
receive input signals of process and fluid parameters and to output signals to components to
adjust system parameters. A data storage device can be connected to the microprocessor 1,
for example one or more memory cards or even a printed or plotted output, to record the
consistency and quality of the solution produced and all events and values of parameters
during a production run. The microprocessor 1 is used to control a digital DC power supply 2
to achieve a constant current. Advantageously, the use of the controlled digital power supply
2 allows for a significantly lower power consumption that is observed in all systems currently
available and allows the cell to convert nearly all of the NaCl to HOCI leading to an
enhanced stability of the resulting antimicrobial solutions. At least one metering pump 3
and/or flow controller 4 is used to feed aqueous brine to the electrolysis cell with a constant
concentration at a controlled rate. Rather than using a stock brine solution, in an embodiment
of the invention, a controlled pump 5 injects brine of a fixed concentration in a reservoir 6
Into an incoming water supplied from a reservoir 7, or other source, such that a constant
current is readily maintained at a preset value. Inline oxidation/reduction potential (ORP) 9
and pH 10 probes and flow meter(s) 11 are employed to provide input to the microprocessor
1 of the condition of the electrolyzed antimicrobial solution and the rate of its production.
Software control allows the assessment of the input data and determines signal outputs to
adjust the voltage of the power supply 2, the solution flow rate and/or the brine concentration
such that desired ORP and pH values are achieved and maintained throughout the production

period. Controlling the brine concentration and the DC current permits the production of a
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single stream of liquid that is an antimicrobial solution with a desired pH with a desired
HOCI concentration. For example, the system can be set to provide an antimicrobial solution
with a pH of 6.2 to 6.6, where an optimal level of HOCI is found in the solution. Lower and
higher pH solutions can be achieved, where the pH can be for example from about 5.4 to
about 6.8. The ability to tightly maintain pH, solution conductivity, current, flow rates, and
brine concentration allows the formation of a HOCI solution that displays little loss in
concentration over periods of 60 days or more, for example 90 or even 120 days or more.

The system can be designed to allow automated microprocessor controlled periodic
cleaning of the cell. Valve(s) 12, 15, and 16 and pump(s) 3 arc activated or deactivated to
take the working cell 8 out of an antimicrobial fluid production mode and initiate a cleaning
cycle, using a cleaning solution from a reservoir 13 for a period of time. TFor example, the
system can cycle between a production orientation of, for example, four hours followed by a
cleaning and cooling or resting cycle/orientation of, for example, one or more hours and
continue such production for a period of up to six months, or even longer, without
maintenance that requires the intervention of an operator to dissemble and reassemble the cell
or other components of the system when appropriate pumps, filters and regulators are
employed. The proportions of production time and cleaning time will vary with the quality of
water that is introduced to the electrolysis system. The system can optionally include a
sensor to verify when the cleaning process is complete, minimizing the amount of time that
the system must be diverted from production of the antimicrobial solution.

The system according to embodiments of the invention includes a digital AC to DC
power supply 2 where, for example, a single phase 220 V AC input is converted to DC
voltages of up to 30 V, DC with a cell current of up to 65 A, which is controlled by a
microprocessor. In other embodiments of the invention the DC voltage and amperage can be
lesser or can be greater, for example a large cell may require a current of 65 or even 100 A.
In an embodiment of the invention, the AC input can be, for example, from a 208 V 3-phase
power supply, which is advantageous for systems including large and multiple electrolysis
cells 8. The microprocessor can be equipped with input, output, data monitoring 14 devices
and, optionally, data storage and\or plotting components, including a visual display. The
microprocessor 1 is controlled by software prepared for or adapted to the electrolysis system
and the microprocessor 1 can be remotely accessed to observe current parameters and

readings and/or to modify production settings. The output can be stored and/or recorded to
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carry out quality control functions Input of the ORP, pH, and flow values to the
microprocessor 1 allow automatic adjustment of the DC voltage to maintain a constant
current and achieve the desired HOCI concentration in the antimicrobial fluid, adjustment of
the fluid flow rate, and to control the appropriate amount of brine entering the electrolysis
cell 8 during production and cleaning solution, for example a muriatic acid solution, during
cleaning of the system. The input is received from at least one ORP probe, at least one pH
probe, and at least one flow indicator. A pressure regulator can be included in the system. A
probe that determines the quality of the cleaning solution exiting the electrolysis cell 8 can be
used to determine that the cleaning process has achieved the desired level, give a signal to the
microprocessor 1 to convert to antimicrobial fluid production and thereby minimize the time
that is devoted to cleaning.

The pumps 3, 5 can be of any type that can be run for an extended period of time
without failure. Such pumps include peristaltic, gear, or any other positive displacement
pump appropriate for relatively low viscosity fluids that can be controlled by the
microprocessor 1. In a system where peristaltic pumps are used for fluid production and
cleaning a maintenance protocol of lubrication and/or replacing worn tubing, for example the
brine pump 5, during cleaning and tubing for a cleaning solution pump during HOCI solution
production is easily instituted as the microprocessor 1 can provide an alarm when a period of
time less than the anticipated lifetime of the tubing or lubrication cycle has occurred or where
catastrophic loss of flow occurs. Where there are multiple pumps, one or more pumps can
be employed for the control of the brine solution and one or more pumps can be employed for
a cleaning solution. When one or more pumps are employed, one or more pump heads can be
controlled by a single pump motor. For example, two peristaltic pump heads can be
employed on a single motor, and can be 180 degrees out of phase to diminish pulsations in
the fluid imposed by the pump head. Optionally, inline mixers can be employed at any point
where two fluids are combined, for example where the brine is introduced to the water.
Inline mixtures can be static or active mixers. Flow of the water solution can be set using an
inlet valve 12 controlled by the microprocessor 1. Flow indicators, for example 11, can be
situated before and/or after the valve(s) 12, 15, 16, pump(s) 3, electrolysis cell 8 and exit of
the system. Comparison of multiple flow indicators can be used by the microprocessor 1 to
determine any breach in the system that can automatically stop the flow, locate the position of

the breach and alarm an operator for initiation or repair. One or more threc-way valves 12,
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15, 16, a plurality of two-way valves, or any combination thereof can be controlled by the
microprocessor 1 to direct the fluid passing through the system and collected depending on
whether the production or cleaning fluid is within the system. Furthermore, these valves can
be actuated such that any antimicrobial solution produced that displays pII or ORP outside of
the prescribed parameters can be diverted from the outlet flow for collection or use of the
antimicrobial fluid, where the diverted fluid can be collected with the cleaning solution,
directed to a waste discharge, or even recycled into the electrolysis system for reprocessing.
Generally, at antimicrobial fluid production startup, the fluid will be outside of the prescribed
parameters and diverted from the product outlet. When antimicrobial fluid cannot be readily
brought within the parameters within a short prescribed time period after cleaning, the
microprocessor can alarm an operator for manual intervention.

Generally, the water supply 7 is free of sediments and can be frce of salts other than
NaCl. Hence, the system, as needed, can include one or more filters 17 and/or purification
systems, such as a reverse osmosis (RO) unit, ion exchange columns, and/or absorbents. The
rate of antimicrobial solution production can be as little as 50 L/hr when using a single small
clectrolysis cell 8 in the system, to 200 L/hr or more with a single larger electrolysis cell, to
as much as 5,000 L/hr when multiple large electrolysis cells are employed in parallel. The
novel system allows for high conversion of NaCl to HOCI, for example, with more than 700
ppm HOCI produced at a fluid production rate of 200 L/hr with a single cell, and more than
1,000 ppm HOCI produced at a fluid production rate of 100 L/hr with a single cell, depending
upon the salt concentration employed.

In general, the system can be housed in one or a combination of two or more certified
plastic or medical grade 316 SS enclosures. Generally, each enclosure is fitted with
ventilation fans such that the interior of the system does not encounter a high level of a
corrosive atmosphere or moisture. In one embodiment of the invention, the system is housed
in two enclosures that can be easily shipped in two containers and readily stacked,
electronically connected, and secured to each other where an enclosure containing the
electronic components, including the controllers 14 and indicators 14, power supply 2, and
microprocessor 1 is situated above an enclosure containing the cell(s) 8, pump(s) 5, 17,
valves 12, 15, 16, probes 9, 10, and tubing for liquid handling. Tubing can be plastic, glass,

or metal and can be flexible or inflexible. Appropriate tubing can be any that does not react
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with the HOCI comprising or cleaning solutions, as can be appreciated by one skilled in the
art.

Embodiments of the invention are directed to a method of production of an
antimicrobial solution comprising HOCI at a concentration in excess of 500 ppm at a rate in
excess of 50 L/hr by use of the system described above. The method involves the
introduction of brine 6 via a pump 5 into a flow of water that is directed into one or more
electrolysis cells 8. The water is sediment free and low in non-NaCl salt concentration. The
flow of water and the mixing with brine is detected by providing a signal to a microprocessor
1 that actuates valves 12 and/or pumps 3, 5 to achieve a desired NaCl concentration and
ultimately a desired HOCI concentration. The salt solution is delivered into one or more
electrolysis cells 8 that comprise end-caps, cylindrical electrodes and a porous ceramic
membrane situated between the electrodes. The DC current applied across the electrodes is
supplied by a digital power supply 2 that is controlled by the microprocessor 1 such that the
voltage can float but the current is nearly constant. The power can be applied as a wave, for
example a square wave. In this manner the single fluid exiting the electrolysis cell 8 is about
6.5 in pH as read by an inline pH probe 10 situated in the effluent [rom the electrolysis cell 8
where software employed by the microprocessor 1 determines and executes appropriate
modification of the flow rates and brine concentration to achicve a consistent solution
comprising HOCI within the desired specifications. An ORP probe 9 is also included in the
effluent stream where the signal from that probe is also included for the determination of
brine concentration and flow parameters imposed by the microprocessor 1 on the system.
The ORP output can be used to assess and assure that the cell 8 is mechanically sound during
a production run. The microprocessor 1 can control the path of the effluent stream to assure
that the effluents are directed to anolyte and catholyte storage containers 18 and 19 or a
process stream where the solution is used, only when the desired pH, ORP, and current
conditions are displayed in the effluent. In this manner, a solution comprising HOCI can be
generated at a rate of 50 to about 1,000 L/hr with a HOCI concentration of 500 to 1,000 ppm.
The system is designed to have the microprocessor 1 determine that cell performance has
deteriorated, discontinue production and proceed with a cleaning regiment, where the
microprocessor 1 diverts the cleaning effluent stream to an appropriale receiver 20. The
microprocessor 1 can be used to determine that cleaning has been completed and restart the

production of the solution comprising HOCI.
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MATERIALS AND METHODS
Exemplary Electrolysis System

An cxemplary electrolysis system contained in two compartments is shown
photographically in Figures 2-3, for a device consistent with the schematic of Figure 1,
includes: power supply 2, microprocessor 1, relays, safety breakers, filter 17 or other water
purification device, pressure regulator, water valve (solenoid) 13, water flow controller 4,
brine source 6, brine pump 5, cleaning solution 13, cleaning solution pump, 3-way selection
valve 12, actuating pH control valve, electrolysis cell 8, ORP probe 9 and controller, ORP
indicator 14, pH probe 10 and controller, pH indicator 14, cooling fans for both
compartments, - 3/8 inch OD and % inch OD flexible hose (3/8 inch OD used for flow to the
reservoirs for Ultra-Lyte (anolyte) 18, catholyte 19 and drain 20, % inch OD used for brine
feed), suction tubes for the brine pump 5 and cleaning pump, and brine tank 6 with a
circulating pump 3 and float, and spare 5 micron filters.

The following indicates how the illustrated exemplary system according to an
embodiment of the invention functions. The software allows all the components to function
together and synchronizes the process. Figures 4-6 show photographs of a microprocessor’s
touch screen when running the system according to an exemplary embodiment of the
invention where: the instant amperage, flow rate, pH and ORD are indicated (Figure 4); the
pH target, pIl instant value and a pIl valve setting is displayed (I'igure 5); and a display of a
plot of pH and flow over time with the instant values and the target values (Figure 6), where
the values over time can be stored shows the consistent controlled product available using
the microprocessor control and controlled constant current available from the system
according to an embodiment of the invention. To start, two options for the system to start
production: (1) the timer can be set, for example, for 1 to 22 hours; or (2) install an external
float in the anolyte storage tank 18 that shuts the system off as needed. When the system is in
a startup mode, there is a 10 second time delay before the main solenoid opens to allow water
through the system. The system runs software checks. Starting from the solenoid, water goes
through the pressure regulator, reducing water pressure to 15-20 psi, and then passing the
water through the 5 micron filter 17. The water passes through the flow control 4 which is
preset by an operator to a proper flow rate. From the flow control 4 the water enters the flow
meter 11 to measure constant flow and total flow which can be displayed on the touch screen

14. From the flow meter 11, waler enters the electrolytic cell 8 and then flows to 3-way
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valves 185, 16, as programmed to direct liquid into the drain storage 20 after each startup and
shut down until proper system parameters have been met, at which time the flow is directed
to the anolyte storage tank 18. This insures a consistent liquid inside the anolyte storage tank
18. The brine pump 5 and DC power to the electrolytic cell 8 are simultancously started
approximately half a minute after initial startup. This starts the electrolytic process to
produce HOCI solution. Once the desired liquid is being produced, the 3-way valve 16
directs flow to the anolyte storage position. The 3-way valve 16 will change flow to the drain
storage 20 whenever the machine goes outside the desired parameter range during the
production mode. The desired range includes anything within set point of amps, brine feed
percentage, water flow, pH readings, and ORP readings. As HOCI solution is produced, it
enters the manifold containing the pH 10 and ORP 9 probes that send real time readings to
the touch screen 14 showing the operator HOC] settings and values. The pH probe 10 signals
the pH control valve via the microprocessor’s 1 programmable logic controller (PLC), which,
depending on the operator’s pH setting, opens or closes valves proportionally to meet that
operator’s desired pl target. Whenever the system goes into shut down mode, either when
the preset cycle of the timer is completed or when the storage tank is full, the 3-way valves
15, 16 turn to drain storage while the system remains in HOCI solution production mode to
insure the desired solution is being formed for reintroduction in the anolyte storage tank 18.
Once the 3-way valve has verified proper valve positions, the system can go into a shut down
mode, which turns off the power to the cell 8 and brine pump 8 and flushes the system with
fresh water followed by cleaning out any residual brine in the lines and the cell 8. After shut
down, cooling fans remain activated for 15 minutes to allow the system (o properly cool off.
The system is then deactivated until the storage tank needs to fill again or for an operator to
reset the timer for the next production cycle.

The system is designed to clean on the schedule the operator presets in the PLC with
the set cleaning time. The timer can be set to clean hourly or weekly. The system can be
used for HOCI solution production for up to about 130 hours between cleaning cycles. The
operator has the option to manually activate the cleaning cycle should he choose to override a
preset cycle. Hydrochloric acid (HCI) or muriatic acid can be used for cleaning. Either acid
should be less than 5% and diluted with RO water or distilled water. When the system needs
to be cleaned, the system will switch the 3-way valve to drain storage position and go into

shut down mode. The pH valve will completely close, insuring total flow throughout the
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electrolytic cell. The system will flush with fresh water for 40 seconds, activate the cleaning
pump for 2 minutes, let a 5% acid solution soak for 2 minutes, flush again with fresh water
for 1.5 minutes, restart the cleaning pump for another 2 minutes, let the system soak for 7
minutes, then flush with fresh water for 4 minutes to remove all acid form the system. The
system will automatically go into production mode as required by the storage tank or

command from the PL.C,

HOCI Solution Analysis

Samples labeled UL-10, UL-11, UL-12, UL-13, UL-14, UL-15, UL-16, UL-17,
UL-18, and UL-19 were examined for available chlorine and for pH assessment. The
concentration of available chlorine in the test sample was determined by a colorimetric
sodium thiosulfate titration method. Potassium iodide (KI) and sulfuric acid (H,SO4) were
added to an aliquot of test sample with mixing and titrated with sodium thiosulfate and a
starch indicator to a visible endpoint. The pH of each test sample was determined in
triplicate using a calibrated pH probe capable of measuring pH to £0.05. The hypochlorous
acid concentration of each test sample was calculated using the average pH and the available
chlorine as determined. Results are summarized in Tables 1-3, below.

Triplicate samples of each test sample were transferred to individual vessels and

titrated. The weight of sample was determined by the following calculation:

Weight of sample (in grams) = (N of'titrant) x (15 mL titrant) x (36 g C1*/Eq) x 1000
(Anticipated ppm of NaOC] solution to be titrated)

where N of titrant = Normality of the Sodium thiosulfate (Na,S,03).

The calculated amount of sample was transferred to three clean vessels. To cach
vessel was added 10.0 mL of 10% KI solution and 10.0 mL of 10% H>SO, with mixing. A
burette was filled with the titrant, 0.1003N Sodium thiosulfate. The titrant was added
dropwise to the vessel with mixing. The titrant was added until a pale yellow color emerged.
Once the pale yellow color was achieved, four drops of a starch indicator was added and
mixed resulting in a dark purple and/or blackish colored solution. Titration was continued
until a clear endpoint was achieved and the volume of titrant added was recorded. The
average ppm value was determined for the triplicate samples. To calculate the available
chlorine concentration (FAC):

ppm available CI = (mL titrant used) x (N of titrant) x (35.45 g Chlorine/Eq) x 1000
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(actual sample weight in grams)
The percent hypochlorous acid (HOCI) was calculated by the equation:
% HOCI =100 x [ 1 -+ Ky/(H"]"
where: K; is the dissociation constant of HOCI at 20 °C or 2.621 x 10 mol/L and (H") is the
negative logo of the average pI value per sample.

The percent of available HOCI was calculated as:

% Available HOC] = 2 FAC x %HOCI

100
The pH measurements were conducted in triplicate at room temperature using a

temperature compensating probe and a pH meter capable of measuring pH to + 0.05. At least
two NIST traceable reference buffers, of pH 4.00, 7.00 and 10.00, were used to calibrate the

pH meter prior to each sample analysis.
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Sample

Run

Average pH

UL-10

1

6.16
6.16
6.19

6.17

UL-11

6.22
0.22
6.26

UL-12

6.23
6.24
6.24

UL-13

6.24
6.23
6.24

6.24

UL-14

6.28
6.28
6.31

6.29

UL-15

6.39
6.37
6.38

6.38

UL-16

0.34
6.37
6.37

6.30

UL-17

6.34
6.36
0.36

UL-18

6.41
6.39
6.41

6.40

UL-19

W I =0 I LI DI o [ DD LD B ) PO e (D B e L2 D — ) O — o

6.33
6.35
6.36

6.35
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Table 2 FAC Titration Results

Sample | Run | Sample Mass (g) | Vol. Titrant (mL) | FAC (ppm) | Average FAC

UL-10 1 41.63 7.6 649 647
2 40.77 7.4 645
1 108.25 16.8 552

UL-15 2 99.84 15.3 545 546
3 99.73 15.2 542
1 99.99 15.2 541

UL-16 2 100.09 153 544 539
3 99.07 14.8 531
1 99.353 15.1 539

UL-17 2 99.82 15.2 541 539
3 99.84 15,1 538
1 99.73 14.7 524

UL-18 2 99.96 14.8 526 526
3 99.24 14.7 527
1 100.06 15.3 544

UL-19 2 100.26 15.3 543 544
3 100.02 15.3 544

Table 3 Calculated HOCI in ppm

Sample FAC (ppm) pH % HOCI] of FAC HOCI (ppm)
UL-15 546 6.38 94.1 514
UL-16 539 6.36 94.3 508
UL-17 539 6.35 94.5 509
UL-18 526 6.40 93.8 493
UL-19 544 6.35 94.5 514

Efficacy of Solutions after 60 Days.

Ten (10.0) mL aliquots of a 60 day old test sample were transferred to sterile 25 x 150
mm tubes, placed in a 20 = 1 °C water bath and allowed to equilibrate for >10 minutes. Test
Organisms Staphylococcus aureus (ATCC 6538) and Salmonella enterica (ATCC 10708)
were examined where from a stock slant, an initial tube of culture broth was inoculated. From
this initial broth suspension, a minimum of three daily transfers were performed on
consecutive days prior to use in testing. For each test organism, the appropriate growth
medium was sub cultured using a daily transfer (more than 3, but less than 30 transfers) of the
test organism. A 48-54 hour broth culture incubated at 35-37 °C was prepared. The test
cultures were thoroughly mixed and allowed to stand for >10 minutes prior to use.

A 3.3 mL aliquot of a fetal bovine serum (FBS) was added to 62.7 mL of cach broth

culture to yield a 5% fetal bovine serum soil load.
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Sterile penicylinders were immersed for 15 minutes in a 48-54 hour old broth culture
of the test organism, at a ratio of 1 carrier per 1.0 mL broth. The exposed penicylinders were
dried on filter paper in a sterile Petri dish at 35-37 °C for 40 minutes at 39% relative
humidity.

Sixty contaminated and dried carriers were individually transferred by hook needle at
staggered intervals to individual tubes containing 10.0 mL of the test samples and exposed
for 10 minutes at 20 = 1 °C. Following exposure, each medicated carrier was transferred by
hook needle at identical staggered intervals to 10 mL of Letheen Broth + 0.2% Sodium
Thiosulfate. The neutralized subculture tubes and plates were incubated for 48+4 hours at
35-37 °C and visually cxamined for the presence or absence of growth. Representative
neutralized subcultures showing growth were sub cultured on appropriate agar to confirm or
rule out the presence of the test organism.

Test controls included that of purity, organic soil sterility, carrier sterility, normalized
subculture sterility, viability, neutralization confirmation, and carrier population control.
Purity Control was conducted by a “streak plate for isolation" performed on the organism
culture examined following incubation to confirm the presence of a pure culture. The
acceptance criterion for this study control is a pure culture demonstrating colony morphology
typical of the test organism. Organic Soil Sterility Control was conducted on the serum used
for soil load involved culturing, incubating, and visually examining for lack of growth. The
acceptance criterion for this study control is lack of growth. Carrier Sterility Control was
conducted by adding a representative uninoculated carrier to the neutralizing subculture
medium. The subculture medium containing the carrier was incubated and cxamined for
growth. The acceptance criterion for this study control is lack of growth. Neutralizing
Subculture Medium  Sterility Control involved incubating and visually examining a
representative sample of uninoculated neutralizing subculture medium. The acceptance
criterion for this study control is lack of growth. Viability Control was carried out where a
representative inoculated carrier was added to the subculture medium. The subculture
medium containing the carrier was incubated and visually examined for growth. The
acceptance criterion for this study control is growth. Neutralization Confirmation Control
involved neutralization of the test substance, confirmed by exposing sterile carriers
(representing not less than 10% of the total number of test carriers) to the test substance and

transferring to subculture tubes containing 10 mL of neutralizing subculture medium. The
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subculture tubes containing the exposed carriers were inoculated with < 100 colony forming
units (CFU) of the test organism, incubated under test conditions and visually examined for
the presence of growth. Control was performed with multiple replicates using different
dilutions of the test organism. A standardized spread plate procedure was run concurrently in
order to enumerate the number of CFU actually added. Control results are reported using
data from the most appropriate dilution. The acceptance criterion for this study control is
growth after inoculation with < 100 CFU. Carrier Population Control involved adding
inoculated carriers at a ratio of 1 carrier to 10 mL neutralizing broth and vortex mixing.
Appropriate serial ten-fold dilutions were prepared and aliquots were spread plated on agar
plate medium, and incubated. Following incubation, the resulting colonies were enumerated
and the CI'U/carrier calculated. The acceptance criterion for this study control is a minimum
of 1.0 x 104 CFU/carrier. Carrier Population was calculated as:

CFU/carrier = (avg _number colonies/plate @ dilution) x (dilution factor) x_(volume

neutralizer)

(number of carriers tested) x (volume plated)

All data measurements/controls including the culture purity, viability, organic soil
sterility, neutralizing subculture medium sterility, carrier sterility, neutralization
confirmation, and carrier population were within acceptance criteria.  Control and
Neutralization Results are given in Tables 4-6, below. Test Results are given in Table 7,

below.
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Control Type

Results

Staphylococcus aureus

(ATCC 6538)

Purity Control

Pure

Pure

Viability Control

Growth

Growth

Organic Soil Sterility Control

No Growth

Neutralizing Subculture Medium No Growth
Sterility Control
Carrier Sterility Control No Growth
Table 5. Carrier Population Control Results
Test Organism Result

Staphylococcus aureus (ATCC 6538)

8.6 x 10° CFU/carrier

Salmonella enterica (ATCC 10708)

5.0 x 10° CFU/carrier

Table 6. Neutralization Confirmation Control Results

Test Average Inoculum | Number of Subculture
Sample Test Organism (CFU/mL) Tubes
Tested | Positive
UL-01 Staphylococcus aureus 5 6 6
aged (ATCC 6538)
61 Salmonella enterica 26 6 6
days (ATCC 10708)
Table 7. Test Results
Test Sample Test Organism Number of Carriers
Exposed | Showing Growth
UL-01 aged 61 Staphylococcus aureus 60 1
days (ATCC 6538)
Salmonella enterica 60 0
(ATCC 10708)

The EPA efficacy performance requirements for label claims state that the test

All patents, patent applications, provisional applications, and publications referred to

specification.

microorganism on 58 out of the 60 inoculated carriers.

substance must kill the microorganism on 59 out of the 60 inoculated carriers. Health Canada

performance requirements for label claims state that the test substance must kill the

or cited herein, supra or infra, are incorporated by reference in their entirety, including all

figures and tables, to the extent they are not inconsistent with the explicit teachings of this

Salmonella enterica
(ATCC 10708)
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It should be understood that the examples and embodiments described herein are for
lustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of

this application.
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CLAIMS

We claim:

1. Anantimicrobial solution generating system comprising:

a source of sediment free water;

a flow controller;

a source of brine;

a microprocessor having software to accept multiple input signals and
generate multiple output signals wherein at least one of the input signals is provided by at
least one user interfacing device;

a digital DC power supply;

at least one electrolysis cell;

a pH probe;

an oxidation/reduction potential (ORP) probe; and

a pump to deliver the brine solution into a stream of the sediment free
water, wherein the microprocessor receives input signals from the pH probe and the ORP
probe and provides at least one output signal to at least one of: the flow controller to set a
flow; the power supply to set a voltage while having a constant current applied to
clectrodes of the electrolysis cell; and the pump to set a concentration of NaCl in a
solution formed by combination of the water and the brine, wherein a solution comprising

HOCI having a HOCI concentration of 100 to 1,000 ppm is generated.

2. The system of claim 1, wherein the electrolysis cell comprises a pair of end-caps,
an outer cylindrical electrode, an inner cylindrical electrode, and a cylindrical porous

ceramic membrane situated between the inner and the outer electrodes.

3. The system of claim 2, wherein one of the electrodes is an anode and compriscs a

titanium cylinder coated with a mixed metal oxide comprising ruthenium oxide.

4. The system of claim 1, wherein the power supply has an AC input of 208 to 220 V
and a DC output of up to 100 A and up to 100 V to the electrolysis cell.
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5. The system of claim 1, wherein the user interfacing device is a keyboard or a

touch screen and wherein the interfacing device is local or remote to the microprocessor.

6. The system of claim 1, further comprises at least one output device, wherein the
microprocessor outputs a signal to be observed by an operator and/or recorded on a

recording medium.

7. The system of claim 6, wherein the output device comprises a display screen

and/or a printer.

8. The system of claim 1, further comprising a storage device wherein the input and

output history and production and cleaning set points are stored.

9. The system of claim 8, wherein the storage device is a magnetic, optical, or flash

storage device.

10. The system of claim 1, where in the solution comprising HOCI has a pIT of 6.2 to
6.6.

11. The system of claim 1, where in the solution comprising HOCI is produced at a

rate of 50 to 5,000 L/hour.

12. The system of claim 1, further comprising a flow indicator to deliver an input

signal to the microprocessor.

13. The system of claim 1, further comprising:
a source of a cleaning solution;
a pump to deliver the cleaning solution;
at least one valve to selectively direct flow to one of a plurality of effluent
outlets; and
at least one means to selectively deliver the brine or cleaning solution into

the sediment free water, wherein the microprocessor directs the means to deliver to
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alternate between brine delivery for generation of the solution comprising HOCI and
cleaning solution delivery for cleaning of the cell and the valve or valves to direct flow to

one of the effluent outlets,

14. The system of claim 12, wherein the means to seclectively deliver comprises
selectively powering only the pump to deliver brine or only the pump to deliver the

cleaning solution.

15. The system of claim 14, wherein the means to selectively deliver further

comprises at least one 3-way valve or a plurality of valves.

16. A method for producing an antimicrobial solution comprises providing water to at
least one system according to any of claims 1 or 11, wherein a solution comprising HOCI
having 100 to 1,000 ppm HOCI and a pH of 6.2 to 6.6 is produced at a rate of 50 to 5,000

L/hr per system.

17. The method of claim 16, wherein the system according to claim 13 alternates
periods of solution comprising HOCI production and cleaning, wherein the production
period is set at about 4 to about 6 hours and the cleaning period is set at about 2 to about 3

hours.

18. The method of claim 16, wherein the system according to claim 13 alternates
periods of solution comprising HOCI production and cleaning, wherein the periods vary
as determined by a program run on the microprocessor based on the input signals where
the cleaning occurs only when the desired pH, ORP and minimum flow rate values cannot

be maintained by changing the output brine pumping rate, flow rate and voltage.

19.  An antimicrobial fluid comprising an clectrolytic solution comprising HOCI,
wherein the HOCI concentration is 100 to 1,000 ppm and the pH is 6.2 to 6.6 and the
solution’s impurity profile is indicative of clectrolysis of a NaCl solution wherein solution

conductance is less than 15 mS.
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20. An antimicrobial fluid of claim 19, wherein the HOCI concentration is 500 to

1,000 ppm.

21. An antimicrobial fluid of claim 19, wherein the HOC]I concentration exceeds 500

ppm for more than 60 days after electrolytic production.
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