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SYSTERMS AND METHODS FOR USING SOLID BIGH-LEVEL DISINFECTION
CHEMISTRIES TO PRODUCE DISINFECTANT SOLUTIONS

CROSS REFERENCE TO RELATED APPLICATIONS

[0081]  This application claims priority to U.S. Provisional Patent Application Serial No.
62/400,774 filed Septermber 28, 2016 and also claims priority 1o U.S. Provisional Patent
Application Serial No. 62/452,666 filed January 31, 2017. These applications are incorporated

heremn by reference, in their entireties.
TECHNICAL FIELD

{00021  Hmbodunents of the prosent disclosure relate to disinfectant solutions. More
specifically, embodiments of the present disclosure relate to producing disinfectant solutions

from solid chemistries, which are used for disinfecting a medical device.

BACKGROUND
[0003] Many medical devices may be reused on different patients. Before a medical device
is used on a subsequent patient, however, the medical device may need 10 be reprocessed. For
exaraple, afier an endoscope s used on a patient, a nurnber of steps are required o reprocess the
endoscope, so that the endoscope can be used on another patient.  Included in the steps of
reprocessing an endoscope is disinfecting an endoscope, using a disinfectant solution.
Conventionally, iquid disinfectants are shipped by a mamufacturer to a hospital or other facility.
The hospital or other facility then uses the liquid disinfectant chemistries to disinfect an

endoscope.

SUMMARY
{00041  Embodiments of the present disclosure relate to apparatus and methods for producing
disinfectant solutions from solid chemistries, for use with disinfecting a medical device,
Example embodiments inchude, but are not limited to, the following.
I0808]  Tn one aspect, the invention is directed to an apparatus configured to produce a
disinfectant solution for use with disinfecting a medical device. The apparatus inchades a first
container configured (o receive water, sodium percarbonate and tetraacetylethylenediamine,

wherein the water, the sodium percarbonate and the tetraacetylethylenediamine react within the
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first container {o produce a mixiure comprising peroxyacetic acid and having a pH between 9.0
and 14.0; and a second container in fluid communication with the first container, the second
container configured to receive an acid and the mixwre from the first container, wherein the
mixture and the acid mix in the second container to produce a disinfectant solution haviog a pH
bhetween 5.0 and 7.0.

[0088]  In another aspeet, the invention i3 directed o a method for producing a disinfectant
solution for distnfecting a medical device. The method includes combining water, sodium
percarbonate and tetraacetylethylenediamine to produce a mixture comprising peroxvyacetic acid,
wherein the peroxyacetic acid has a concentration of at least 500 parts per million; combining an
acid with the mixtare to form the disinfectant solution having a pH between 5.0 and 7.0; and
contacting a medical device with the disinfectant solution within 24 hours of forming the
disinfectant solution. In one embodiment, the disinfectant solution may contact a medical device
between 5 minutes to 10 minutes. Alternatively, the disinfectant solution may contact the
medical device for a shorter period of time or a longer period of time.

fO087]  In another aspect, the invention is directed to an apparatus configured to produce 8
disinfectant solution for use with disinfecting a medical device. The apparatus inchudes a first
container including sodivm percarbonate and tetraacetylethylenediamine. The first contamer
includes a first aperture configured to receive water, wherein the water, the sodium percarbonate
and the tetraacetylethvienediamine react within the first container to produce a mixture
comprising percxyacetic acid. In one embodiment, the first container is configured to filter
undissolved portions of the sodium percarbonate and the tetraacetylethylenediamine. The first
container includes a second aperture that the mixture exits through. A second container is
configured to receive the mixture from the first container via the second aperture, the second
container comprising an acid, wherein the mixtore and the acid mix in the second container to
produce a disinfectant solution having a pH between 5.0 and 7.0,

[0008]  In another aspect, the invention is directed to a method including providing, to a user,
sodium percarbonate and tetraacetylethylenediamine in a first compartment of 2 package and an
acid in a second compartment of the package; providing instructions to the user to combine the
sodium percarbonate and the ietraacetylethyienediamine with water, wherein the water, sodium
percarbonate, tetraacetylethylenediamine react within the first container to produce a mixture

comprising peroxyacetic acid; and providing instructions to the user to combine the mixture with
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the acid, wherein the mixture and the acid produce a disinfectant solation for use with
disinfecting a medical device, wherein the disinfectant sotution has s pH between 5.0 and 7.0
00681 While multiple embodiments are disclosed, still other embodiments of the present
disclosure will become apparent to those skilled in the art from the following detailed
description, which shows and describes dhustrative embodiments of the disclosure. Accordingly,
the drawings and detatled description are (o be regarded as illustrative in nature and not
restrictive.
BRIEF DESCRIPTION OF THE DRAWINGS

{80401  FIG. | is a schematic block diagram of an illustrative disinfectant system for use with

isinfecting a medical device, in accordance with some embodiments of the present disclosure.
(80141 FIG. 2 is another schematic iHlusiration of a disinfectant system, in accordance with
some embodiments of the present disclosure.
[8012] FIG. 3 s a schematic illustration of an expanded view of the first container depicted
in FIG. 2, in accordance with embodiments of the present disclosure,
FIG. 4 is a flow diagram depicting one or more methods, in accordance with the embodiments of
the disclosure.

DETAILED DESCRIPTION

[6013]  While the disclosed subject matter is amenable to various modifications and
alternative forms, specific embodiments have been shown by way of example in the drawings
and are described in detail below. The intention, however, is not to limit the disclosure to the
particular embodiments described. On the contrary, the disclosure is intended to cover all
modifications, equivalents, and alternatives falling within the scope of the disclosure a3 defined
by the appended claims.
[0814]  As the terms are used herein with respect to ranges of measurements {such as those
disclosed mmmediately above), “gbout” and “approximately” may be used, interchangeably, (o
refer to a measurement that includes the stated measurement and that also includes any
measurements that are reasonably close to the stated measurement, but that may differ by a
reasonably small amount such as will be understood, and readily ascertained, by individuals
having ordinary skill in the relevant aris to be attributable to measurement ervor, differences in
measurement and/or manufacturing equipment calibration, human error in reading and/or setting

measurements, adjustments made to optimize performance and/or structural parameters in view
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of differences in measurcments associated with other components, particular implementation
scenarios, imprecise adjustment and/or manipulation of objects by a person or machine, and/or
the like.

[0015]  As stated above, conventionally, liquid disinfectant chemistries are shipped by a
manufacturer to a hospital or other [acility that uses the liquid disinfectant chemisiries to
disinfect medical devices., Shipping liquid disinfectant chemisines, however, may have a
number of drawbacks including, but not limited to, higher shipping costs than solid chemuistries,
Hmited shelf life, restricted method of shipment (e.g., only ground shipments} and/or the like.
Accordingly, there is a need in the art for buproved disinfectant chemistries used to disinfect
medical devices.

f0016]  While the present disclosure discusses using a solid high-level disinfectand for
disinfecting an endoscope, in some embodiments, the solid high-level disinfectant may be used
on other medical devices, as well. As such, the present disclosure is not limited to using the
sohid high-level disinfectant, as disclosed hercin, when disinfecting an endoscope.

00177 FIG. 1 is 2 schematic block diagram of an illustrative system 100 for producing a
disinfectant for disinfecting a medical device, in accordance with some embodiments of the
present diselosure. Due to the illustrative systern 100, solid chemistries 102, 104 may be shipped
1o 1 hospital or other facility, instead of liquid disinfectant chemistries. As such, shipping costs
may be reduced. Additionally or altematively, in some crubodiments, the sofid chemistries 102,
194 may be shipped by air instead of ground and/or the solid chemistries 102, 104 may be more
stable than Hguid disinfectant chemistries. Additionally or alternatively, in some embodiments,
the solid chemisiries 102, 104 may be non-hazardous and the byproducts produced by the system
160, using the solid chemistries 102, 104, may be biodegradable, non-toxic and non-sensitizing,
Additionally or alternatively, in some embodiments, the pH of a disinfectant produced by the
system 100 may be approximately neutral, so that neutralization may vot be required before
digposal of the disinfectant. Additionally or alternatively, a disinfectant sclution produced by the
gystem 100 may be produced on site by the facility that uses the disinfectant solution to disinfect
a medical device, so that the stability of the disinfectant solution may not be as imperative as
other disinfectant solutions that are not produced on site.

fO018]  As stated above, the system 100 inciudes solid chemistries 102, 104, Additionally, in

some embodiments, the system 100 may include a Hquid 106, a pump 108 and a first container
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118, In embodiments, the solid chemistries 1112, 104 and the hiquid 106 may be coupled to the
first container via one or more conduits {not shown). In some embodiments, the solid
chemistries 102, 104 may be combined with the liquid 106 in the first container 110 to produce a
fluid mixtore 112, In some embodiments, the first container 110 may be made of any material
capable of retaining the solid chemistries 102, 104 before and/or after the solid chemistries are
combined with the ligind 106. For example, the first container 110 may be glass, plastic, metal,
and/or the like.

f0018] In some embodiments, to facilitate the combination of the solid chernisiries 102, 104
and the ligquid 106, the pump 108 may pump the Hguid 106 into the first container 119 at a first
flow rate. The first flow rate may be a urbulent flow, which may facilitate the combination of
the solid chemistries 102, 104 and the Hauid 106 in the frst container 110, Examples of first
flow rates that may be produced by the pump 108 pumping the Hquid 106 into the first container
110 include greater than about (.5 gallons / minute (gal/min}, greater than about 0.75 gal/min,
grcater than abont 1.0 gal/min, greator than about 1.25 gal/man, greater than about 1.5 gal/min,
greater than about 1.753 gal/min, greater than about 2.0 gal/min and/or the like. However, these
are only exaraples and not meant o be Hmiting,

[8020]  Additionally or alternatively, to facilitate the combination of the solid chemistries
192, 104 and the liquid 106, a mixer 114 may be incorporated into, included in, and/or coupled
to the first container 118, Before, during or after the hquid 106 is disposed in the first container
110, the mixer 114 may be started, 30 that when the hquid 106 15 in the first confainer, the mixer
114 can facilitate combining the solid chemistries 102, 104 and the liquid 106. The mixer may
be any kind of mixing device that is capabie of mixing Hquids.

[G0821] The solid chemistries 102, 104 and the Hquid 106 are selected to form a disinfectant
mixtore, In some embodiments, the solid chepustries 102, 104 may be sodmm percarbonate and
tetraacetylethylenediamine {TAED), respectively, and the liguid 106 may be water. Additionally
or alternatively, one of the solid chemistries may be sodium perborate. In some embodiments
where the solid chemisiry 102 is sodiuso percarbonate and the liguid 106 is water, the sodium
percarbonate may dissolve in water 106 to produce sodium carbonate and hydrogen peroxide,
according to equation (1)

0

2Na,C05.3H,0, = 2Na,CO,+ 3H,0,
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[0022] Insome embodiments, the hydrogen peroxide resulting from the reaction of water and
sodivm percarbonate may have concentrations between approximately 3000 ppm and 6000 ppry,
specifically between 4000 ppm and 5000 ppm. In some embodiments, the hydrogen peroxide
produced by dissolving the sodium percarbonate in water reacts with the TAED to produce
peroxyacetic acid {also known as peracetic acid}, a main ingredient used to disimfect an

endoscops, and diacetyvicthylenediamine (DAED), according to equation (Z}:
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[6023] Insome embodiments, the fluid mixture 112 that is produced by the combination of
the solid chemistries 102, 104 and the Hquid 106 may include peroxyacetic acid produced
according equation (2). In some embodiments, the fhud mixture 112 may also inclade the
DAED that is produced according equation {2).

[6324]  In some embodiments, to factlitate the reaction of the hydrogen peroxide and TAED,
the water in which the sodium percarbonate dissolves may be at a desived temperature. In some
embodiments, the water may be greater than or equal to about 30°C, 35°C, 40°C, 50°C, 60°C,
70°C, 80°C, 90°C, 100°C and/or the like since a temperature of 30°C may facilitate the reaction
of the hydrogen peroxide, produced from the sodinm percarbonate in water, and the TAED.
[G025]  Insome embodiments, sodivm percarbonate, TAED and water may be provided in
amounts to create a desired amount of peroxyacetic acid. For example, sodium percarbonate,
TAED and water may be provided in sufficient araounts o produce peroxyacetic acid in
concentrations between: about S00 parts per million (ppm) and about 2200 ppm, between about
800 parts per million {ppm} and about 1500 ppm, between about 1000 ppm and about 1400 ppm,
approximately 1200 ppm, and/or the like. As another example, the amount of desired
peroxyacetic acid produced may be greater than: about 360 ppimn, about 800 ppm, about 1000
ppin, about 1200 ppm, about 1400 ppm, about 1600 ppm and/or the like. As even another
example, the amount of desired peroxyacetic acid produced may be between less than: abowt

1600 ppm, about 1400 ppm, about 1200 ppm, about 1000 ppim, about 800 ppm, about 500 ppm,
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and/or the like. However, these are only examples and not meant to be limiting. Tn one sxample,
to produce peroxyacetic acid in quantitics between about 1200 ppm and about 1500 ppm, about 4
fiters of water may be combined with about 23.3 grams (g) of TAED and about 16.6 g of sodium
percarbonate. This example is given for illustration purposes only and not meant to be limiting.
f0028]  The fluid mixture 112 produced from the combination of the solid chemistries 102,
104 and the liguid 106 may have a pH of approximately between 9 and 14. A fluid mixtere 112
with a high pH (i.¢., above a pH of about 9} may corrode materials more quickly than a mixture
with a lower pH (i.e., 2 pH of about 7 or lower). A fluid mixture 112 with a bigh pH may also
have a strong odor. As such, if the fluid mixture 112, which has a high pH, were used to
disinfect a medical device, the fluid mixture 112 may have to be neutralized after the fluid
mixture 112 15 used to disinfect a medical device, but before disposing of the fluid mixture 112.
Accordingly, in embodiments, the pH of the fluid mixture 112 may be lowered.

{00371  Tolower the pH of the fhud mixture 112, the fuid mixture 112 may be combined
with an acid 116, wherein the acid 116 is originally in powder form. As tllustrated in FIG. 1, the
fhad mixture 112 may be transferred 0 a second container 118 and combined with the acid 116.
Altematively, the acid 116 may be added to the fhud mixture 112 in the fust container 110, In
some embodiments, the first container 110 and the second container 118 may be coupled to each
other via one or more conduits (not shown). In some embodiments, the second container 118
may be any container capable of retaining the fuid mixture 112 and the acid 116, For example,
the second container 118 may be made of glass, plastic, metal and/or the like.

[0028]  In some embodiments, the solid chemistries 102, 104 and the acid 116 may be
included in a single package and shipped to a facility that combines the solid chemistries 102,
104 with a lquid, as described above, and then combines the acid 116 with the mixture resulting
from the mixture of the solid chemistries 102, 104 and the liquid. In some embodiments, the
sohid chemastries 102, 104 and the acid 116 are included in different compartments of the single
package. As described above, this may eliminate the drawbacks of shipping a Hquid disinfectant.
For example, by shipping solid chemistries 102, 104 and an acid 116, shipping costs may be less
than when shipping liquid disinfectants, the shelf life of the solid chemistries 102, 104 and the
acid 116 may be longer than higuid dismfectants, and the solid chemistries 102, 104 and the acid

116 may be shipped via more methods than shipping liquid disinfectants (e.g., via air).

~3
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[0028]  In some embodiments, before the fluid mixture 112 s neutralized with the acid 116,
the fuid mixture 112 may be filtered using a filter 120. While the filter 120 is illustrated as
being disposed in the first container 110, in some embodiments, the filter 120 may be coupled to
an outlet of the first container 110, coupled to an inlet of the secound coutainer 110, coupled to
and/or incorporated into a conduit that connects the first container 110 to the second container
118, incorporated into the first container 110, disposed between the first and second containers
110, 118 and/or the like. Additionally or alternatively, the first container 110 may be made of
such a material that the first container 110 acts as the filter 120, as described below in relation to
FIG. 2.

[0030] In some embodiments, the filier 120 may be a filter capable of filtering ondissolved
portions of the solid chemistries 102, 104, For example, in one embodiment, the fluid mixture
112 s directed through filter 120, and filter 120 prevents large particles or items from passing
throngh the filter (1.¢., undissolved portions of the solid chemustries 102 and/or 104), while
alowing the fluid mixture 112 to pass through the filter 120. For example, the filter 120 may be
2 160 micron filter (i.e., the average pore size is 100 microns), a 20 micron filter (e, the
average pore size is 20 microns), a 10 micron {ilter (e, the average pore size is 10 microns), a 3
micron filter (i.c., the average pore size is 5 microns), a | micron filter (i.e., the average pore size
1s ¥ micron), a 0.5 micron filter (1.¢., the average pore size 18 0.5 microns), a 0.1 micron filter
{i.c., the average pore size is 0.1 microns) and/or the bike.

[0031] In embodiments where the fliid mixture 112 is combined with the acid 116 ina
second container 118, the fluid mixture 112 may be transferred to the second container 118 by
the pumap 108, Additionally or alternatively, a sccond pump 122 may be configured to pump the
fluid mixture 112 from the first container 110 to the second container 118, Additionslly or
alternatively to pumping the {luid mixture 112 from the first container 110 to the second
container 118, the second pump 122 may be used o purnp the acid 116 into the second container
118, In some emabodiments, the pump 108 and/or the pump 122 may facilitate the mixing of the
fluid mixture 112 and the acid 116 by pumpisg the fluid mixture 112 into the second container
118 at a second flow rate. That is, for exarmple, the second {low rate may cause a turbulence of
the fluid mixture 112 and/or the acid 116 in the second container 118, which facilitates the
mixing of the fhud mixture 112 and the acid 116, Examples of second flow rates that may be

produced by the pump 108 pumping the fluid mixture 112 into the second container |18 inchude
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greater than about 0.5 gal/min, greater than about.75 gal/min, greater than about 1.0 gal/min,
greater than about 1.25 gal/min, greater than about 1.5 gal/min, greater than about 1.75 gal/min,
greater than about 2.0 gal/min and/or the like. However, these are only examples and not meant
to be limiting.

[3032] Additionally or alternatively, to facilitate the combination of the fluid mixtore 112
and the acid 116, a mixer 124 may be incorporated into, included in, and/or coupled to the
sccond container 124, Before, during or after the fluid mixtare 112 and the acid 116 are
dispesed in the second container 118, the mixer 124 may be started to facilitate the combination
of the fluid mixture 112 and the acid 116 afler the fluad mixture 112 and the acid 116 are
combined in the second container 118, The mixer 124 may be any kind of mixing device that is
capable of mixing liquids,

[G033]  Asstated above, the acid 116 may be used (o lower the pH of the fluid mixtare 132,
In some embodiments, the acid 116 may be mixed with the fluid mixture 112 so that the
combined solution, also referred o herein as the disinfectant solution 126, has a desired, neutral
or relatively neutral pH. For example, the acid 116 may have a lower pka than the thud maxture
112 in order to lower the pH of the fluid mixture 112, so that the combined solution 126 hasapH
of one or more of the following: a pH between about 5.0 and 7.0, a pH between about 6.0 and
7.0, and/or a pH of approximately 6.5 and/or the like. Examples of acids may be, but are not
fimited to, solid organic acids, such as ghutaric acid, oxalic acid, malic, acid, cuiric acid, salicylic
acid and/or the like and organic weak acids, such as citric acid monchydrate.

[0834]  Insome embodiments, to lower the pH of the fluid mixtare 112, a specific quantity of
acid 116 may be used. In one example, if citric acid is used gs the solution to lower the pH of the
fluid mixture 112 and if quaniities of about 4 liters of water, about 23.3 grams (g} of TAED and
about 16.6 g of sodium percarbonate were used 1o produce the fluid mixtore 112, then about 16.6
g of cifric acid may be added to the fluid mixtore 112 to produce 3 cornbined solution 126 that
has a pH between about 5.0 and 7.0. However, this example is only for illustrative purposes and
is not meant to be limiting.

[0035] Insome embodiments, the acid 116 may be included in a surfactant {e.g., Plaronic
F68™ or Pluronic F68 LF, available from ThermoFisher Scientific) and combined with the fluid
mixture 112, to facilitate the combmation of the acid 116 and the flwid mixture 112, Inone

example, assuming guantiiies of about 4 liters of water, about 23.3 grams (g) of TAED and about
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16.6 g of sudium percarbonate were used to produce the fluid mixture 112, then about 0.08g of
Pluronic F68 LF may be added to produce a combined sofution 126, also referred to hercinas a
disinfectant solution 126.

[0038]  Insome embodiments, the acid 116 may be combined with the surfactant or other
Hauid that is at a lower temperature than the fuid mixtare 112 so that the disinfectant solution
126 will have a lower temperature than the mixture 112, For example, the acid 116 may be
combined with a surfactant or other liquid that is st a temperature so that the disinfectant solution
126 will have a temperature of approximately 20° C, 25° C, 30° (, 35° C, 40° C and/or the like.
[8037]  After the fluid mixwre 112 and the acid 116 are combined to produce a disinfectant
solution 126 with a desired pH, the disinfectant solution 126 may be used to disinfect a medical
device 128, In embodiments, the sccond container 118 and the medical device 128 may be
coupled to each other via one or more conduits (not shown). In embodiments, the disinfectant
sohition 126 may be transferred from the second container 118 to the medical device via the
prump 108, the pump 122 andfor the pump 130. Examples of medical devices 128 include, but
are not lmued to: endoscopes and dental equipment.

[G038]  Insome embodimenis, before the disinfectant solution 126 is used to disinfect a
medical device 12§, the disinfectant solution 126 may be filiered by a filter 132, In some
embodiments, the filter 132 may be a filter capable of filiering out undissolved portions of the
solid chemistries 102, 104 and/or other particulate roatter in the disinfectant sclation 126, In
some embodiments, the disinfectant solution 126 may imclude portions of the solid chemistries
102, 104 because the filter 120 may not be included in the system 100 and/or the solid
chemistries 102, 104 were not completely filtered by the filter 120. The filter 132 may be, for
example, a 100 micron filter (ie., the average pore size is 100 microns),a 20 micron filter (Le,,
the average pore size is 20 microns), a 10 micron filter (i.¢., the average pore size is 10 microns),
a § micron filter (i.¢., the average pore size 1s 5 microuns), a 1 mucron filter (1.e., the average pore
size is 1 micron), & 0.5 micron filter {i.e., the average pore size is 0.5 microns), a 0.1 micron
filter (i.e., the average pore size is 0.1 microns} and/or the like. While the filter 132 is ilfusirated
as being disposed external to the second container 118, in some embodiments, the filter 132 may
be coupled to an ontlet of the second container 132, coupled to an inlet of the medical device

128, coupled (o and/or incorporated into 8 conduit that connects the second container 118 to the

18
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medical device, incorporated into the second container 118, disposed between the second
container 118 and the medical device 128 and/or the like.

[0038]  As described above, due to the embodiments of FIG. 1, solid chemistries 102, 104
may be shipped to the facility that is disinfecting the medical device 128, so that the disinfectant
solution 126 can be produced by the facility, instead of shipping liquid disinfectants to the
facility that is disinfecting the medical device 128, As such, the disinfectant solution 126 may be
used by the facility soon after the disinfectant solution 126 is produced {e.g., 5 minutes, 10
minutes, 30 minutes, 1 hour, 2 hours, 6 hours, 12 hours, 24 hours, 2 days, 3 days, 4 days and/or
the Hike). Accordingly, the stability of the disinfectant selution 128 may not be a concern,
compared to a disinfectant solution that is produced off site and shipped to the facility.
Additionally or altoratively, another benefit compared to conventional disinfectant sclutions
that are produced off site may be that litile or no acetic acid may be used in producing the
disinfectant solution 128.

[00401  FIG. 2 ig another schematic filustration of a disinfectant system 200, in accordance
with some embodiments of the present disclosure. The disinfectant system 200 includes a liquid
source 202, In some embodiments, the liquid 204 may bave some or all of the same
characteristics of the liquid 106 discussed above in FIG. 1, For example, the liquid 204 may be
water. In the illustrated embodiments, Hquid 204 is released by the liquid source 202, After
being released by the lHquid source 202, the liquid 204 may fall, e.g., due to gravity, and/or may
be forced or mjected into an orifice 206 located on the top portion 208 of a first container 210,
In some embodiments, the lHquid source 202 may be disposed on top of the first container 210
and/or a conduit (not shown) may couple the Hquid source 202 {o the orifice 206,

{0041]  An illustrative exploded view of the first container 210 is depicted in FIG. 3. In some
embodiments, the first container 210 includes one or more solid chemistries 308 {depicted in
FIG. 3) and a filter 310 (depicted in FIG. 3).  The sohid chermstry 308 of the first container 210
may be disposed in the filter 310 of the first container 210. In some embodimnents, the solid
chemistry 308 and the Hguid 204 may combine o produce a fluid mixture 212, In some
embodiments, the solid chemistry 308 may have some or all of the same characteristics as the
solid chemisiries 102, 104 described above in relation to FIG. 1. For example, the sold
chemistry 308 of the first container 210 may include sodium percarbonate and TAED.

Additionally or alternatively to sodium percarbonate, the solid chemistry 308 may include

i
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sodium perborate. Additionally or alternatively, the filter 310 may have some or all of the same
characteristics as the filter 120 depicted m FIG. 1. For example, the filter 310 may be a 100
micron filter, a 20 micron filter, a 10 micron filter, a 5 micron filter, a 1 micron filter, a .5 micron
filter, 2 .1 micron filter and/or the like. Additionally or alternatively, the fluid mixture 212 nay
have some or all of the same characteristics as the fluid mixture 112 depicted in FIG. |, For
example, the fluid mixture 212 may include peroxyacetic acid, as described below,

{00421  In an example where the liguid 204 1s water and the solid chemistry 308 is sodium
percarbonate and TAED, once the water 204 is deposited into the first container 210, the sodium
percarbonate dissolves in the water to produce hydrogen peroxide, as described above in relation
to FIG. 1. In some embodiments, the hydrogen peroxide may have concentrations between
approximately 3000 ppm and 6000 ppm, specifically between 4000 ppm and 5000 ppm. Afler
which, the hydrogen peroxide reacts with the TAED to produce peroxyacetic acid and DAED, as
described above in relation to FIG. 1. In some embodiments, the force on the liquid 204 dus to
gravity and/or an exiemal force applied to the lqued 204 {e.g., by a pump) may facilitate
combining the liquid 204 and the solid chemistry 308.

[0043]  In some embodiments, an amount of sodium percarbonate, TAED and water may be
used 1o create a desired amount of peroxyacetic acid. For example, the amount of desired
peroxyacetic acid produced by the disinfectant system 200 may be one or more of the following
concentrations: betwesn 500 parts per million {ppm} and about 22002200 ppm, between about
800 parts per million {ppm} and about 1600 ppm, between about 1000 pprm and about 1400 ppw,
approximately 1200 ppm and/or the like. As another example, the amount of desired
peroxyacetic acid produced may be greater than: about S00 ppm, about 800 ppm, about 1300
ppm, about 1200 ppm, about 1400 ppm, about 1600 ppm, and/or the like. As even another
example, the amount of desired peroxyacetic acid produced may be between less than: about
1600 ppin, about 1400 ppm, abowt 1200 ppm, about 1000 ppm, 800 ppm, 500 ppm, and/or the
fike. However, these are only examples and not meant to be limiting. To produce peroxyacetic
acid in guantities between 1200 ppr and 1500 ppm, about .5 liters of water may be used, about
2.91 grams (g} of TAED may be used and about 2.08 g of sodium percarbonate may be used.
This example is given for illustration purposes only and is not meant o be limiting.

[0044]  As swated above, the solid chemistry 308 may be disposed in a filter 310, Insome

embodiments, the filter 310 may allow the fluid mixture 212, {e.g., peroxyacetic acid)} {0 pass

1z
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through the filter 310, but retain the solid chemistry 308 before the liquid 204 is added to the
solid chermustry 303, In some embodiments, the size of the filter 310 {e.g., a 100 micron filier, 8
20 micron filter, a 10 micron filier, a § micron filter, a 1 micron filter, a .5 micron filter, a .1
micron filter and/or the like} may be selected so that the liquid 204 and/or the hydrogen peroxide
1s slowly transmitted through the filter 310, The slow transmission of the hiquid 204 and/or the
hydrogen peroxide may facilitate the combining of the liguid 204 and the solid chenustry 308 to
produce the fiuid mixture 212,

08457  Once the solid chemistry 308 and the liguid 204 combine to produce the fluid mixtare
212, the fluid mixture 212 is transmitted theough a second onifice 214, on the bottom portion 216
of the first container 210, to a second container 218, In embodiments, the second orifice 214
may be sized 10 facilitate a slow exit of the fluid mixture 212 from the first container 210. The
slow exit of the fluid mixture 212 from the first container 210 may facilitaie the combining of the
iquid 204 and the solid chemistry 308 to praduce the fluid mixture 212, similar to selecting a
filter 310 that facilitates a slow transmission of the fluid mixtore 212 through the filter 310,
{0048} The second container 218 may inchude an acid 220 to facilitate lowering the pH of the
fluid mixture 212, as described above in relation to FIG. 1, wherein the acid 220 is originally in
powder form. That s, for example, the Tuid mixture 212 and the acid 220 may combine to
produce a combined solution 222, also referred to herein as a disinfectant solution 222, The acid
220 may have some or all of the samc characteristics as the acid 116 depicted in FIG, 1.
Examples of acids 220 may be, but are not limited to, solid organic acids, such as ghutaric acid,
oxalic acid, malic, acid, cifric acid, salicylic acid and/or the like. In one example, assuming ciinie
acid or cilric acid monchydrate is used as the schution to lower the pH of the fluid mixture 212
and assuming quantities of about .5 liters of water, about 2.91 grams (g} of TAED and about 2.08
g of sodrom percarbonate were used to produce the fhud mixture 212, then about 2.075 g of
citrie acid may be added to the fluid mixture 212 to produce a cornbined solution that has a pH
between about 5.0 and 7.0. However, this example is only {or illustrative purposes and is not
meant to be Hmiting.

{00477  In some embodiments, the flind mixture 212 may fall, due, e.g., to gravity, and/or
may be forced out of the orifice 214, In some smbodiments, the force on the fluid mixture 212
due to gravity and/or an external force applied to the fluid mixture 212 {e.g., by a pump) may

facilitate combining the fuid mixture 212 and the acid 220. Additiounally or alternatively, in
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some embodiments, a mixer {not shown) may be incorporated into, included in, and/or coupled
fo the second container 218. Before, during or after the fluid mixture 212 and the acid 220 are in
the second container 220, the mixer may be started so that when the fluid mixture 212 and the
acid 220 are n the second container, the combination of the fluid mixture 212 and the acid 220
may be facilitated by the mixer. The mixer may be any kind of mixing device that is capable of
mixing liguids. Additionally or alternatively, in some embodiments, the acid 220 may be
nchuded in a surfactant (e.g., Pluronic F68™ or Pluronic F68 LF) to facilitate the combination of
the fluid mixture 212 and the acid 220, Additionally or altemnatively, the acid 220 may he
combined with the surfactant or other liquid that is at a lower temperature than the fluid mixture
212 50 that the disinfectant solution 222 will have a lower temperature than the fluid mixture
212. For example, the acid 220 may be combined with a surfactant or other liquid that is ata
temperature so that the disinfectant solution 222 will have a temperature of approximately 20° C,
25°C, 30° C, 35° C, 40° C and/or the like,

[0048]  Adduionally or alternatively, the combined sohation 222 of the fluid mixture 212 and
the acid 220 may have some or all of the same characteristics of the combined solution 126
depicted in FIG. 1. For example, after the fluid mixtare 212 and the acid 220 are combined to
produce the disinfectant solution 222 with a destred pH, the disinfectant solution 222 may be
used to disinfect a2 medical device 224 (e.g., an endoscope and/or dental equipment).

[8049]  As stated above, FIG. 3 is a schematic {lustration of an expanded view of the first
container 210 depicted in FIG. 2, in accordance with some embaodiments of the present
disclosure. The first container 210 includes a top portion 208 that includes the orifice 206. In
some embodiments, the top portion 208 may be coupled to a botiom portion 216 of the first
container 210 via a threading.

[005G]  In the illustrated embodiment, a filter 310 is disposed in the bottom portion 216 of the
first container 210. The filter 310 may bave some or all of the same characteristics as the filter
120 depicted in FIG. 1. For example, the filter 310 may be a 100 micron filter, a 20 micron
filter, a 10 micron filter, a 5 micron filter, a | micron filter, 2 .5 micron filter, & .1 micron filier
and/or the like. In some embodiments, a stabilizing structure {(not shown), for example, a wire
structure, may be used to maintain the shape of the filier 310. The stabilizing structure may be

used in addition to or in alternative to the bottom portion 216.
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{0081] The first container 210 also inchudes a solid chemistry 308 disposed in the filter 310
Additionally or alternatively, the solid chemistry 308 may have some or all of the same
characteristics as the solid chemistries 102, 104 depicted in FIG. 1. For example, the solid
chemistry 308 may be and/or include sodivm percarbonate and/or TAED and be of amounts o
produce peroxyacetic acid in concentrations of one or more of the following: between 300 parts
per million {ppm} and about 2200 ppm, between abowt 804 parts per million (ppm} and about
1600 ppm, between about 1000 ppm and about 1400 ppm, approximately 1200 ppm and/or the
like.

{80521  Ag described sbove inrelation to FIG. 2, a liguid {e.g., the Tiquid 106 depicted in FIG.
1, the liquid 204 depicted i FIG. 2) may be transmitied through the orifice 206 and combined
with the solid chemustry 308 in the filter 310 of the first confainer 210, In some embodiments,
sodium percarbonate (i.e., a component of the solid chemistry 310) may dissolve in water to
produce hydrogen peroxide. The hydrogen peroxide may react with TAED (i.e., a component of
the solid chemistry 308) to produce peroxyacetic acid and DAED. In some embodiments, the
force on the hiquid 204 due to gravity and/or an external force applied to the liquid may facilitate
combining the Hquid and the solid chemistry 308 1o produce 2 mixture {e.g., the mixture 112
depicted in FIG. 1 and/or the fluid mixmure 212 depicted in FIG. 2}, which is then iransmitied
through the second orifice 214,

[8083] TFIG. 4 15 a flow diagram depicting at least one method 400, in accordance with the
some embodiments of the disclosure. The method 400 includes providing atl least one solid
chemistry (block 402). In some embodiments, the solid chemistry may have one or more of the
same characieristics as the solid chemisiries 102, 104 depicted in FIG. 1, and/or the solid
chemistry 308 depicted in FIG. 3. For example, the solid chemisiry may inchude sodium
percarbonate and TAED. Additionally or alternatively to including sodiurs percarbonate, the
solid chemistry may include sodium perborate. As another example, the solid chemistry may
inchide amounts {6 prodoce peroxyacetic acid i concentrations of one or more of the following:
between 500 parts per million (ppm) and about 2200 ppim, between about 800 parts per nullion
{ppm} and about 1600 ppm, between about 1000 ppm and about 1400 ppm, approximately 1200
ppm and/or the ke,

[605%4] In some embodiments, the method 400 may include providing mnstractions to a user

on how to use the solid chemistry to malke a disinfectant solution (block 404). Insome
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embodiments, the mstructions may include one or more of the following steps of method 400,
For example, by way of illustration and not of limitation, the instructions may include one or
more of the following steps: 408, 410, 412, 414, 416, 418 and/or 420, each of which 1s discussed
in more detail below.

[0085]  In some embodiments, the method 400 may inchude receiving a liquid (block 406). In
some embodiments, the liquid may be received by a first container {e.g., the first container 110
depicted in FIG. 1 and/or the first contamer 210 depicted in FIGs. 2 and 3} from a hqguid sowree
(e.g., the liguid source 202 depicted in FIG. 2) via a conduit and/or via an orifice {e.g., the orifice
206 depicted in FIGs. 2 and 33, In some embodiments a pump {e.g., the pump 108 depicted in
FIG. 1) may purap the liquid from the hiquid source to the first container. In some embodiments,
the pump may pump the liguid from the lguid source to the first contamner at a flow rate of, for
example, greater than about .5 gallons {gal} / minute (min}, greater than about. 75 gal/min, greater
than about 1.0 gal/min, greater than about 1.25 gal/miv, greater than about 1.5 gal/min, greater
than about 1.75 gal/min, greater than about 2.0 gal/min and/or the like. Additionally or
alternatively, gravity may facilitate the liquid being received by the first container, for example,
as explaived above in relation to FIG. 2.

{00567  In some embodiments, the liquid may have some or all of the same characteristics as
the Tiquid 106 depicted in FIG. 1, and/or the liquid 204 depicted in FIG. 2. For example, the
Iiquid 204 may be water, may be of a teroperature greater than or equal to about 30°C, 35°C,
43°C, SO°C 60°C, T0°C, 80°C, 90°C, 100°C and/or the like, and may be of an amount to produce
peroxyacetic acid in concentrations of one or more of the following: between 500 parts per
million (ppr) and about 22002200 ppro, between about 800 paris per million (ppro) and about
1600 ppra, between about 1000 ppm and about 1400 ppn, approxumately 1200 ppm and/or the
like.

(06571 In some embodiments, the method 400 may inchude combining the liquid and the
solid chemistry in a first container to produce a fluid mixiure {(block 408). In some
embodiments, the {heid mixture produced from the combination of the liquid and the solid
chemistry may have some or all of the same characteristics as the fhuid mixture 112 depicted in
FIG. 1 and/or the fiuid mixture 212 depicted in FIG. 2. For example, the flond mixture may be
peroxvacetic acid and produced in concentrations of one or more of the following: between 500

parts per million (ppm} and about 2200 ppm, between about 300 parts per million {(ppm) and
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about 1600 ppm, between about 1000 ppm and about 1400 ppmy, approximately 1200 ppm and/or
the like.

[0088] In some embodiments, the force on the hiquid due to gravity and/or an external force
applied to the liquid (e.g., by a pump) may facilitate combining the liquid and the solid chemistry
due to the turbulence of the liquid. Additicnally or alternatively, the method 400 may include
mixing the Hguid and the solid chemistry using a mixer (block 410). The mixer may be any kind
of mixing device that is capable of mixing liguids. In some cmbodiments, the mixer may be
incorporated into, included in, and/or coupled to the first container. After the liquid and solid
chemistry are {n the first container, the mixer may then mix the liquid and the solid chemistry to
facilitate the combination of the liguid and the solid chemistry.

[0058] In some embodiments, the method 400 may include filtering the mixture (block 412},
In some embodiments, a filter {e.g., the filter 120 depicted in FIG. 1 and/or the filter 308
depicted in FIG. 3) may be used to filter the mixture. For exarople, the filter may be 3 100
pricron filter, 2 20 micron filier, a 10 micron filter, a 5 micron filter, a 1 micron filter, a .5 micron
filter, a .1 micron filier and/or the like.

[G068]  Insome embodiments, the method 400 may include receiving the mixture (block
4143 In some embodiments, the mixture may be received by a second container {e.g., the
second container 118 depicted in FIG. 1 and/or the second container 218 depicted in FIG. 2)
from the first container, n some embodiments, the mixture may be provided from the first
container to the sccond container via a conduit andfor via an orifice {¢.g., the orifice 214 depicted
in FiGs. 2 and 3}, In some embodiments, a pump (@.g., the pump 108 and/or the pump 122
depicted in FIG. 1) may pump the mixture from the first container to the second container. In
some embodiments, the pump may pumny the mixture from the first container to the second
container at a flow rate of, for example, greater than about .5 gallons (gal} / minute (min), greater
than about.75 gal/min, greater than about 1.0 gal/min, greater than about 1.25 gal/mun, grester
than about 1.5 gal/min, greater than about 1.75 gal/min, greater than about 2.0 gal/min and/or the
like. Additionally or slternatively, gravity may facilitate the mixture being recetved by the
second container, {or example, as explained above in relation to FIG. 2.

[8081] In some embodiments, the method 400 may include combining the mixture and an
acid in the second container to produce a disinfectant solution (block 416}, In some

embodiments, the mixture may be combined with the acid to lower the pH of the mixture, as
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described above in relation to FIGs. 1-2. In some emabodiments, the acid may have some or gll
of the same characteristics as the acid 116 depicted in FIG. | and/or the acid 22 depicted in
FIG. 2. For example, a quantity of an acid may be used fo lower the pH of the mixture, so that
the combined solution has 2 pH of one or more of the following: a pH between about 5.0 and
7.4, a pH between about 6.0 and 7.0, a pH of approximately 6.5 and/or the like. Additionally or
alternatively, in some embodiments, the acid may be incladed in a surfactant {e.g., Pluronic
F68™ or Pluronic F68LE) to facilitate the combination of the fluid mixture and the acid.
Additionally or alternatively, the acid may be combined with the surfactant or other liquid that is
at a lower temperatore than the flaid mixtare so that the disinfectant sohution will have a lower
temperature than the fluid mixture. For example, the acid may be combined with a swrfactant or
cther liquid that is at a temperature so that the disinfectant solution will have a teraperature of
approximately 20° C, 25° C, 30° C, 15° C, 40° { and/or the like.

[0062] In some embodiments, the solid chemistries and the acid may be included i a single
package and shipped to a faciity that combines the solid chemisiries with a liquid, as described
above, and then combines the acid with the mixture resulting from the mixture of the solid
chemistries and the liquid. In some embodiments, the solid chemdstries and the acid are included
in different compartioents of the single package. As described above, this may eliminate the
drawbacks of shipping s hquid dismfectant. For example, by shipping solid chemistries and an
acid, shipping costs may be less than when shipping hquid disinfectants, the shelf life of the solid
chemistries and the acid may be longer than liguid disinfectants, and the solid chemistries and
the acid may be shipped via more methods than shipping liquid disinfectants {e.g., via air).
{0083]  In some embodiments, the combined solution, also referred to herein as the
disinfectant solution, produced from the combination of the mixture and the acid, may have some
or all of the same characterisiics as the disinfectant solution 126 depicted in FIG. 1 and/or the
disinfectant solution 222 depicted m FIG. 2. For example, the muixture may be peroxyacetic acid
and produced in concentrations of one or more of the following: between 500 parts per million
{ppm} and about 2200 ppio, between abowut 800 parts per million (ppm} and about 1600 ppm,
between about 10060 ppm and about 1400 ppm, spproximately 1200 ppm and/or the like.

[0064]  In some embodiments, the force due to gravity and/or an external force applied to the
mixture {e.g., by a pump) may facilitate combining the mix{ure and the acid due to the

turbulence of the mixture and the acid. Additionally or alternatively, the method 400 may
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include mixing the mixtare and the acid (block 418}, In some embodiments, the mixer may be
incorporated into, included in, and/or coupled 1o the second container. Before, during or after
the mixture and the acid are in the second confainer, the mixer may be started to facilitate the
combination of the mixture and the acid to produce the disinfectant solution when the mixture
and acid are in the second container. The mixer may be any kind of mixing deviee that is
capable of mixing lquids. In some embodiments, the method 400 may inclode filtering the
disinfectant solution (block 420). In some embodiments, a filter {e.g., the filter 132 depicted in
FIG. 1) may be used to filter the mixture. For example, the filter may be a 100 micron filter, a
20 micron filter, a 10 micron filter, a 3 micron filter, a 1 micron filter, 2 .5 micron filter, 3 .1
micron filter and/or the like.

[B865] Insome embodiments, the method 40 may include providing the disinfectant
solution to a user and/or a medical device cleaning apparaius {e.g., an endoscope reprocessor} in
order to disinfect a medical device (e.g., an endoscope) (block 422). In some embodiments, the
method 400 may aiso inchide disinfecting the wedical device using the disinfectant solution
{block 424).

[60887  Although the term “block™ may be used herein o connote different elements
itlustratively emploved, the term should not be interpreted as implying any requirement of, or
particular order among or between, various blocks disclosed herein. Similarly, although
iltustrative methods may be represented by one or more drawings (¢.g., flow diagrames,
communication flows, ste.), the drawings should not be interpreted as implying any requirement
of, or particular order among or between, various steps disclosed herein. However, certain some
embodiments may require certain steps and/or certain orders between certain steps, as may be
explicitly described herein and/or as may be understood from the nature of the steps themselves
{e.g., the performance of some steps may depend on the outcome of a previous step).
Additionally, a “set,” “subset,” or “group” of itoms (e.g., inputs, algorithms, data values, eic.)
may inchude one or more items, and, similarly, a subset or subgroup of items may include one or
more items. A “plarality” means more than one.

fO867Y  Various medifications and additions can be made to the exemplary embodiments
discussed withowt departing from the scope of the present disclosure. For example, while the
embaodiments deseribed above refer to particular features, the scope of this disclosure also

includes embodiments having different combinations of features and embodiments that do not

1%



WO 2018/064290 PCT/US2017/053932

include all of the described features. Accordingly, the scope of the present disclosure is intended
0 embrace all such alternatives, modifications, and variations as fall within the scope of the

claims, together with all equivalents thereofl



CLAIMS
WHAT IS CLAIMED IS:
1. An apparatus configured to produce a disinfectant solution for use with disinfecting a
medical device, the apparatus comprising:

a first container configured to receive water, sodium percarbonate, and
tetraacetylethylenediamine, wherein the water, the sodium percarbonate and the
tetraacetylethylenediamine react within the first container to produce a mixture
comprising peroxyacetic acid and having a pH between 9.0 and 14.0; and

a second container in fluid communication with the first container, the second container
configured to receive an acid and the mixture from the first container, wherein the
mixture and the acid mix in the second container to produce a disinfectant

solution having a pH between 5.0 and 7.0.

2. The apparatus of claim 1, wherein at least one of: the first container and the second
container comprise a mixer configured to facilitate at least one of: dissolving of the sodium
percarbonate in the water to produce hydrogen peroxide and mixing the hydrogen peroxide and

the tetraacetylethylenediamine to produce the mixture comprising peroxyacetic acid.

3. The apparatus of claim 1, further comprising a pump coupled to at least one of: the first
container and the second container, wherein the pump is configured to provide at least one of:
the water to the first container at a first flow rate of at least 1 gallon per minute and the mixture
to the second container at a second flow rate of at least 1 gallon per minute.

4. The apparatus of claim 3, wherein the first flow rate facilitates the dissolving of the
sodium percarbonate in the water to produce hydrogen peroxide and the reaction of the hydrogen
peroxide and the tetraacetylethylenediamine, and wherein the second flow rate facilitates the

mixing of the mixture and the acid.

5. The apparatus of claim 1, further comprising a filter, wherein the filter is configured to at

least partially remove undissolved solid from the mixture comprising peroxyacetic acid.
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6. The apparatus of claim 5, wherein the first container functions as the filter.

7. The apparatus of claim 1, further comprising a filter configured to at least partially

remove undissolved solid from the disinfectant solution.

8. The apparatus of claim 1, wherein the acid is citric acid and wherein the water has a

temperature of at least 30° C.

9. The apparatus of claim 1, wherein amounts of the water, the sodium percarbonate and the
tetraacetylethylenediamine are combined in the first container to produce at least one of:
hydrogen peroxide in concentrations between 0 parts per million and 1000 parts per million and

peroxyacetic acid in concentrations between 500 parts per million and 2200 parts per million.

10. An apparatus configured to produce a disinfectant solution for use with disinfecting a
medical device, the apparatus comprising:

a first container including sodium percarbonate and tetraacetylethylenediamine, the first
container comprising a first aperture configured to receive water, wherein the
water, the sodium percarbonate and the tetraacetylethylenediamine react within
the first container to produce a mixture comprising peroxyacetic acid, wherein the
first container is configured to filter undissolved portions of the sodium
percarbonate and the tetraacetylethylenediamine and wherein the first container
comprises a second aperture that the mixture exits through; and

a second container configured to receive the mixture from the first container via the
second aperture, the second container comprising an acid, wherein the mixture
and the acid mix in the second container to produce a disinfectant solution having

a pH between 5.0 and 7.0.

1. A method comprising:
providing, to a user, sodium percarbonate and tetraacetylethylenediamine in a first
compartment of a package and an acid in a second compartment of the package;
providing instructions to the user to combine the sodium percarbonate and the

tetraacetylethylenediamine with water, wherein the water, sodium percarbonate,
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tetraacetylethylenediamine react within the first container to produce a mixture
comprising peroxyacetic acid; and

providing instructions to the user to combine the mixture with the acid, wherein the
mixture and the acid to produce a disinfectant solution for use with disinfecting a

medical device, wherein the disinfectant solution has a pH between 5.0 and 7.0.
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