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1
PEROXIDE-HYPOCHLORITE BIOCIDE WHICH IS FREE OF ORGANIC

MATERIAL AND METHOD OF PREPARING SAME

TECHNICAL FIELD

[0001] The present invention relates to biocides for killing microorganisimns.

~ BACKGROUND

[0002] Several attempts have been made to develop biocidal compositions capable of
effectively destroying microorganisms which are harmful to human health. Typically, the
developments made suffer from one or more disadvantages either because the solutions
developed are too toxic to humans or other life forms which are not the intended target, or
because the solutions are not sufficiently stable to enable their effective storage and use under
practical circumstances. Moreover, many biocidal compositions are ineffective to destroy
certamn microorganisms in spore form (e.g., Bacillus anthracis).

[0003] Therefore, a need continues to exist for a biocide composition which 1s extremely
effective in destroying microorganisms, whether in vegetative or spore form, and which 1s
sufficiently stable to facilitate storage, transportation and use under typical circumstances
without a significant loss (ie., >10% reduction in microbial kill rate) m biocidal

effectiveness.

SUMMARY OF THE INVENTION
[0004] The present invention is deemed to meet this and other needs 1n a unique and highly
facile way. In one embodiment of the invention, there is provided a biocide composition
which is formed from ingredients comprising a peroxide and hypochlorite, wherein the
biocide composition is formed by adding the peroxide ingredient to the hypochlorite
mgredient so that the weight ratio of the hypochlorite to the peroxide is no less than about
10:1.

[0005] In another embodiment of the invention, a method of producing a biocide
composition is provided. The method comprises charging to a vessel a quantity of a
hypochlorite, and then adding to the hypochlorite so charged a quantity of a peroxide, the
weight ratio of the hypochlorite so charged to the peroxide added thereto being no less than
about 10:1.

[(0006] In still another embodiment of the present invention, a method is provided which

comprises
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contacting a microorganism with a biocidally effective amount of a biocide composition
according to this invention.
[0007] These and other embodiments of the present invention will now become apparent

from the following figures, detailed description of the invention and appended claims.

SUMMARY OF THE FIGURES
[0008] Fig. 1 is a graph illustrating the spectral pattern of a biocide composition of this

invention. The spectral pattern was taken using a UV visible scan.

[0009] Fig. 2 is a graph illustrating the spectral pattern of a biocide composition of this
invention in the presence of Bacillus cereus spores, showing the release of singlet oxygen.
The spectral pattern was taken using a fluorescent probe. The lower line represents a biocide
of this mvention at 10:1 weight ratio plus probe solution, and the higher hine is biocide, probe
and bacterial spores in combination.

[0010] Fig. 3 is a graph illustrating the UV readings for a mixture of hydrogen peroxide and
sodium hypochlorite bleach (2500:25000 ppm) made m accordance with this mvention and
for hydrogen peroxide alone, both taken at the time mntervals mdicated.

[0011] Fig. 4 is a graph illustrating the UV readings for a mixture of hydrogen peroxide and
sodium hypochlorite bleach (2500:25000 ppm) made m accordance with this mvention and
for sodium hypochlorite bleach alone, both taken at the time mtervals mdicated.

[0012] Fig. 5 is a graph illustrating the colony forming units (cfu) per square centimeter
(inch) present over the indicated time intervals for a control solution, for hydrogen peroxide,
for sodium hypochlorite, and for a combination of the latter two components m accordance

with this mvention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0013] It will now be appreciated that the present mvention provides, in at least one
embodiment, a bi-component contact biocide that works rapidly against a wide variety of
bacteria, whether in the vegetative or spore form. The biocide composition of this invention
is considered to be equally effective against other forms of microorganisms (e.g., viruses and
fungi). It is effective in both a dip and a spray mode, and will perform well when aerosolized
or used in foam applications. It 1s non-corrosive and pH independent (i.e. it can be used mn

formulations at any pH). It is also effective across at least the temperature range of 4 to
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100°C at ambient pressure. It has also been shown to be effective agamnst organisms in
biofilms.

[0014] The bi-component contact biocide (sporocide or bacteriocide) of the invention is a
mixture of hydrogen peroxide and hypochlorite, made using a particular sequence of addition
and using relative amounts within a desired ratio. It was previously thought that mixing these
two compounds would lead to the destruction of the hydrogen peroxide. However, m
accordance with the present invention, this destruction has been found to be slow m the
absence of organic compounds, and in certain embodiments of this mvention the biocidal
activity of the biocidal complex of the invention is effective for at least a six day period.
Typically, the breakdown of the biocidal complex of the mnvention 1s rapid in the presence of
organic materials (which includes microorganisms). Upon initially mixing the compounds
there typically is an immediate evolution of oxygen.

[0015] The biocide compositions of this invention are formed by adding the peroxide to the
hypochlorite. It has been found that when combining the components in any other sequence
(e.g., adding the hypochlorite to the peroxide), no stable composition 1s formed. The amount
of peroxide which is added to the hypochlorite also is important. The amount of peroxide
added to the hypochlorite is preferably sufficient to provide a hypochlorite to peroxide weight
ratio of no less than about 10:1, with ratios as high as 50:1, 100:1 or higher being possible but
less preferred. Most preferably, the weight ratio of hypochlorite to peroxide is about 10:1.
Compositions so formed are particularly stable and biocidally effective.

[0016] The peroxides useful in the practice of this invention are those which form a stable,
biocidal composition with the hypochlorite. Examples of suitable peroxides may mclude
hydrogen peroxide, alkali and alkali earth metal peroxides as well as other metal peroxides.
Specific non-limiting examples include barium peroxide, lithium peroxide, magnesium
peroxide, nickel peroxide, zinc peroxide, potassium peroxide, sodium peroxide, with
hydrogen peroxide and sodium peroxide being preferred, hydrogen peroxide being
particularly preferred.

[0017] The hypochlorites useful in the practice of this mvention are those which form a
stable biocide composition with the peroxide. Examples of suitable hypochlorites may
include alkali metal hypochlorites such as, e.g., sodium hypochlorite, calcrum hypochlorite,
lithium hypochlorite, with sodium hypochlorite bemg preferred.

[0018] The biocide compositions of this invention may be mixed or otherwise used with



CA 02498100 2005-03-08

WO 2004/023877 PCT/US2003/028423
4

other non-organic components or materials, as desired. Contact with organic material should
be avoided prior to use in order to avoid breakdown of the composition. Under typical
conditions of use, the components of the biocide compositions will be brought together as
aqueous liquids to for a liquid biocide composition. The concentrations of the respective
aqueous component solutions may vary, as long as the requisite weight ratios are observed
in the final composition.

[0019] The conditions under which the peroxide and hypochlorite components are combined
to form a biocide of this invention can vary, but will typically be under ambient temperature
and pressure. Various processes (i.e., batch, semi-continuous, continuous) for the addition
may be possible, including co-feeding, but batch processing m the particular sequence
specified is preferred to insure formation of a stable composition.

[0020] Without being bound to theory, it is believed that the source of the oxygen 1s either
the peroxide and/or conversion of hypochlorite to hypochlorous acid. Figure 1 shows a
spectral scan of a 10:1 weight ratio mixture made in accordance with this invention using
sodium hypochlorite and hydrogen peroxide, and it indicates formation of a semi-stable
intermediate that disappears after an extended time. The form the biocidal complex of the
invention takes is uncertain and may be a semistable complex between the peroxide and the
hypochlorite, that is disrupted by organic materials. The sporocidal activity of the mixture
of the invention is most likely a combination effect between oxidative and reductive
mechanisms. Hypochlorous acid is a known biocide. In the practice of this mvention, the
peroxide appears to form free radicals, also very strong antimicrobial compounds. See, e.g.,
Fig. 2, which evidences release of singlet oxygen. Figure 2 illustrates a comparison between
a control sample and a sample with the specified bacterial spores in solution with a biocide
of this invention having the characteristics described earlier in this paragraph for a 10:1
weight ratio biocide. As will be shown below, the fractional inhibitory concentration (FIC)
values show a synergistic effect against all organisms on any surface. Most probably there
is a synergism by the combination cocktail produced by breakdown of the semi-stable
biocidal complex of the invention by organic materials.

[0021] The effectiveness of the biocide complex of the invention versus that of the

individual components and other known biocide compositions is shown below. On a

concentration basis it is more effective than previously known biocides. For example, the current

recommendation for B. anthracis spore disinfection is 15 % bleach for an hour, or use of
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glutaraldehyde or formaldehyde. As for toxicity, the initial bulk gasing due to mixing of the
components is oxygen. There may be trace levels of chlorine gas produced, but this 1s not likely

to be a problem due to both the vapor pressure and solubility of chlorme gas m water.

Experimental

[0022] Throughout the following experimental section, it should be noted that, unless otherwise
indicated, the peroxide component employed was a hydrogen peroxide from an aqueous solution
thereof (30% weight/volume), and the hypochlorite employed was a sodium hypochlorite from
an aqueous solution thereof (5% weight/volume). When the peroxide employed was sp ecified to

be sodium peroxide, the sodium peroxide was from a 30% weight/volume aqueous solution

thereof.

STUDY 1
Organisms and Maintenance

[0023] Spores and spore formers: Bacillus subtilis, Bacillus pumilus RJ 0055, and Bacillus
cereus were obtained from the Department of Biological Sciences at Louisiana State University
(Baton Rouge, LA). The vaccine strain of B. anthracis was obtained from the LSU School of
Veterinary Medicine. Vegetative cells of Bacillus sp. were prepared by inoculating 25 ml flask
of tryptic soy broth (TSB) (Difco, Detroit, MI) with 2 ml of an overnight TSB suspension. All

flasks were incubated at 37°C for 24 hrs. Preparation of spore suspensions was achieved by
srowing Bacillus sp. on agar plates containing yeast extract and beef extract. Spores were
harvested, washed three times and re-suspended in sterile distilled water. The washed suspension
was heated at 75-80°C for 20 mm to destroy vegetative cells. Spores were stored as a dense
suspension in distilled water at 4°C for 3 days prior fo use to allow autolysis. Spores were kept
at 4°C until needed. Spore verification was achieved by the Shaeffer-Fulton method. See
Schaefler, A. B. and M. Fulton, 4 simplified method of staining endospores, Science 77:194
(1933).

[0024] Vegetative cells: Listeria monocytogenes, obtained from the wild, was grown on TSB
for 24 hrs at 35°C. Leuconos(oc mesenieroides B512F was cultured on Lactobacilli MRS broth
(Difco, Sparks, MD) and grown for 24 hrs at 30°C. All other organisms used were from the
culture collection of Dr. D. E. Day.

Minimum Inhibitory Concentrations
[0025] To determine the Minimum Inhibitory Concentration (MIC) of each biocide or

combination, dilutions of each biocide component were made with TSB for Bacillus spp.
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(spores and vegetative cells) and Listeria monocytogenes, MRS broth for Leuconostoc
mesenteroides, and NBY for Salmonella typhimurium ATCC 14028, Escherichia coli B
ATCC 23226 and Xanthomonas maltophilia # 948. Bach tube was inoculated with 0.1 ml cell
or spore suspension (accordingly) to give a final concentration of approximately 10°
vegetative cells or spores/ml biocide solution. The cultures were incubated for 24 hours at
the appropriate temperature, 37°C for Bacillus spp. and Salmonella typhimurium ATCC
14028, 30°C for Leuconostoc mesenteroides B512F, and 35°C for Escherichia coli,
Xanthomonas maltophilia # 948, and Listeria monocytogenes. Neutralization of the biocide
(for spores only) was achieved by transferring 0.5 ml of each biocide or combination to 5 ml
of D/E neutralizing broth (Difco, Sparks, MD). The suspension was vortex-mixed for 1 mim.
Approximately 0.1 ml of each suspension was transferred to 5 mt TSB and incubated for 24
hrs at temperatures described above. The MIC was determined as the minimum concentration
of biocide required to prevent turbidity. For all experiments the viable count of cell or spore

suspension was determined prior to biocide treatment.

Fractional Inhibitory Concentration
[0026] The Fractional Inhibitory Concentration (FIC) was calculated based on the method

of Berenbaum. See equation below:

AJ/A, +B./B.

Where, A_ and B, represent the biocide components used in combination; A, and B, represent
the biocide components used exclusively, wherein A represents the effective concentration
(MIC) of a component of the biocide and B represents the effective concentration (MIC) of
another component of the biocide. When the sum of these fractions is 1, the combination 18
additive;, when the sum is <1, the combination is synergistic; and when the sum 1s >1, the
combination is antagonistic. The MIC values of combinations of biocide components were

determined and the FIC calculated as described above.

Antimicrobial Activity of Biocide against Spores on Stainless Steel

[0027] Preparation of stainless steel coupons: Stainless steel coupons (lem X lcm) were

washed with 1 N NaOH to remove any surface residue and then sterilized prior to use by
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autoclaving at 121°C for 15 mm. A spore suspension (1 ml) of either B. subtilis, B. pumilus
RJ 0055, or B. cereus (10 7 spores/ml) was placed on the coupons and then let dry overnight

in a 55°C incubator. Control stainless steel coupons had approximately 1x10° spores/cm’

adhered.

[0028] Effect of time on exposure: Each coupon was sprayed twice (2.4 ml) with the
biocidal complex of the invention and exposed to it for 30 sec, 1 min, and 5 min at 4°C, 23°C,
and 37C. Coupons were vortex-mixed for 1 min i test tubes containing 5 ml of 0.1%
peptone solution (pH 7.2), and 0.5 g of 3mm sterile glass beads (Fisher, Fair Lawn, NJ).
Serial dilutions were made,

plated on Tryptic Soy Agar (TSA) plates (Difco, Detroit, MI), and incubated at 37°C for

24hrs. Control coupons were sprayed twice with equal amounts of water.

Stability of Biocidal Complex of the Invention
[0029] The stability of the biocide complex of the invention (pH 10 and 6.5) was tested for
1 week at 4°C, 24°C, and 37°C on stainless steel coupons containing adhered B. subtilis

spores. Stainless steel coupons were prepared as described previously.

Industrial Application

[0030] The biocide complex of the invention, in spray form, was tested on heavily
contaminated girders on a cane wash table at a Louisiana sugar mill. Selected areas of the

surface were sprayed and then 2.54 cm (one inch) square areas swabbed and plated for

microbial counts.

Preparation of Biocide Complex

[0031] Three strengths of biocide complex of the invention, 5X, 20X, and 50X, wherem X
is 35 ppm by weight/volume hydrogen peroxide:350ppm by weight/volume sodium
hypochloride, were prepared and tested on site. :

[0032] Bacterial population reduction: An 20.32 cmx 101.6 cm (8 inch x 40 inch) section
(covered with biofilm) behind the wash tables was used as the testing area. This area was
divided into 4 sections (control, 5X, 20X, and 50X) of approximately 20.32 cmx 15.24 cm
(8 inch x 6 inch) each. A stainless steel shield 20.32 cm x 78.74 cm x 15.24 ¢cm (8 in. x 31

in. X 6 in.) was built to protect the area from dripping water. Each area was swabbed with
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cotton tips prior and after addition of biocide (30 sec, 15 min, and 30 min). The biocide

complex of the invention was sprayed twice (approximately 5.4 ml) (Hudson sprayer Model
60136, Hasting, MN) 30.48 centimeters (12 inches) away from surface area. In the case of
the control area, distilled water was used instead of biocide. Cotton swabs were placed in test
tubes containing 5 ml phosphate buffer and kept in an iced box. Samples were plated on Plate
Count Agar (PCA) on the same day in duplicates and incubated for 24-48 hours at 30°C.

Bach biocide component was run as control.

Stability of the Biocidal Complex
[0033] After mixing, the biocidal complex of the invention was active for up to 6 days. A

spectral scan showed a slow reduction in a broad peak absorbing around 300 nm, forming an
increasing trough (using hypochlorite as the base scan - Figure 4) or a decreasing peak (when

peroxide is used as the base - Figure 3) which it is believed is indicative of the biocidal

complex of the invention. Change in this wavelength correlates with the disappearance of

biocidal activity.

MIC and FIC Determinations
[0034) MIC and FIC were calculated for each food-grade biocide component of the biocide

complex of the invention against vegetative cells. These calculations are summarized

Tables 1 and 2 below.
Table 1

Organism MIC (wit%) FIC
m ‘NaOCl H,0,/NaOC]

07
0.1
o

0.0015/0.01
0.005/0.06

0.0015/0.01 0.7

0.0002/0.018 0.85

L. mesenteroides B 512F 0.035
E. coli B ATCC 23226 0.02
S typhimurium ATCC 14028 0.02

Xanthomonas maltophilia 948 0.005 0.01

0.005/0.005 0.75

0.005/0.005 0.75

0.001/0.025 .0.7

0.0035/0.001 0.85
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As seen from Table 1, the biocide complex of the invention showed a synergistic eftect

against all bacteria tested. Although species specific, on average there was a four fold

reduction in the amount of hypochlorite required to reach the MIC when a small amount of

peroxide was added.

Table 2

Organism MIC (wt% FIC

)
NaOCl H,0,/NaOCl
B. anthracis . 1.0 0.5/0.25 0.75
B. cereus 4.0 0.68

5. subillis iy
B. pumilus RJ 0055 0.25/2.5 0.85

As seen from Table 2, the biocide complex of the invention showed a synergistic effect

against all spores tested. On average there was a two-fold reduction in the amount of

hypochlorite required to reach the MIC when a small amount of peroxide was added.

Kill Rate Measurements

[0035] Table 3 shows the log number of Bacillus sp. spores on stainless steel coupons

before and after treatment with the biocidal complex of the invention for 0, 30 sec., 1 and 5
minutes at three different temperatures. The rate ofkill for spores was less than 30 sec. The
best reported kill rate for hypochlorite on spores requires a 15 minute to 1 hour contact time.

There was no difference in kill rate over the temperature range tested (4 -37°C).

Table 3

number of spores/cm?
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[0036] Table 4 gives the survival of B. anthracis spores on stamless steel coupons using
2500 ppm weight/volume hydrogen peroxide: 25000 ppm weight/volume sodium
hypochloride (i.e., a 1:10 peroxide to hypochlorite weight ratio).

Table 4

— . .

Louisiana sugar mill. The application was by sprayer, dispensing a known dose of bio cide.

The results are summarized in Table 5.

Table S

T T commommar
el N T R N

Y R B A R TR
IS BN TR BT
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In the table above, A = hydrogen peroxide; B = sodium hypochlorite; A/B = the combination
at hypochlorite to peroxide weight ratio of 10: 1. The control was a water sprayed area. These
results may be seen graphically in Figure 5. The effect was very rapid, with kill complete n
less than 20 minutes. There was a certain amount of residual activity as biofilms did not

reform for several hours, under conditions favorable for film formation.

Order of Addition

[0038] The following Table 6 shows the significant effect of order of addition on the
half-life of the complex formed. Half-life was determined spectrally on samples kept at
alkaline pH and 24°C. For comparison, half-life was also determined for each biocide

component separately.

Table 6

-

Sodium Hypochlorite 21

Sodium Hypochlorite Hydrogen Peroxide 809
Hydrogen Peroxide Sodium Hypochlorite 148

STUDY 2

[0039]  This study evaluated the performance of a biocide on six types of material
characteristic of civilian office environments. The test surfaces were uniformly contaminated
with B. subtilis spores and let dried overnight at room temperature. The test surfaces were
sampled at time zero min prior to treatment with biocide and at times 5 min and 10 min (when
necessary) after treatment with biocide.

Materials Used m Test

* Commercial carpet, tightly woven
* Wood floor tile

* Old concrete block

* Rough surface tile

* Smooth surface tile

* Acoustic ceiling tile



CA 02498100 2010-06-22

12
Contamination Process

[0040] Bacillus subtilis contamination was applied inside a microbiology-safe hood with

internal air circulating system. A Bacillus subtilis aerosol spray with fine nozzle was directed
perpendicularly to the surface of vertically suspended panel tests at a distance of about 14 1.

Each test material received three sprays of 10° spores/ml with a final deposition density of
approximately 10°® colony forming units (CFU)/ sample area (1 in2).

Pre-Decontamination Samplng
[0041] The contaminated test materials were allowed to dry overnight at room temperature

for approximately 17 hours. Each contaminated material was sampled at two different

locations at time zero. A sterile cotton tip applicator was rolled back and forth within a 1.25
inx 1.25 in area and placed into a test tube containing S ml of D/E neutralizing broth (Difco,
Sparks, MD). The test tubes containing the swab samples were analyzed mmmediately for

spore survival.

Decontamination

[0042] The test materials after drying for approxmmately 17 hours at room temperature were
sprayed four times with the biocide and each biocide component at a distance of about 14 m.
inside a microbiology-safe hood. After 5 min or 10 min (when necessary) of exposure to each
treatment, a 1.25 in x 1.25 in area was swabbed with a cotton tip applicator and the swab was

placed in 5 ml of D/E neutralizing broth. The test tubes containing the swab samples were

analyzed immediately for spore survival. Bffectiveness of the biocide of this mvention as a

potential disinfecting agent will next be presented.

Microbiological Assays

[0043] The concentration of Bacillus subtilis spores (pre and post-decontamination) was
determined on Plate Count Agar (PCA). The spore suspension was serially diluted between
100 to 10° using Butterfield Es phosphate buffer, pH 7. Aliquots ofthe appropriate dilutions
of each sample were plated in triplicate. All plates were mcubated at 37°C for 24-48 hours.

Comparison of Technologies for Decontaminating Bacillus spores on Commercial Surface
Materials |

[0044] Data from various disinfecting technologies for Bacillus spp. spores presented by
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Harper and Larsen (2001) was used to demonstrate the efficacy of a biocide of this invention

as a potential sporicidal /decontaminating agent. Results are summarized i Tables 7, 8, 9 and

10. As used in these tables, the “Present Invention” was a biocide formed in accordance with

this invention using sodium hypochlorite and hydrogen peroxide at a weight ratio of 10:1.

Table 7
Comparison of Technologies for Decontaminating Bacillus spores on Concrete Block

- Mean an;amination, Survival Spores,
Technology* : crore After Decontamination
© Time Decontamination (cfu/in?)
(min) (cfu/in?)

University of Michigan 9.15X 10’ 7.1 X 10
Nanotek

Foam (Sandia National [ N/A 74X 107 9.25 X 10?
Laboratory)

L-Gel (Lawrence 30 3.8 X 107 6.67 X 10°
Livermore Laboratory)

Activated Hypochlorite | N/A 54X 10° 3.7X 10
(Naval Laboratory)

Reactive nanoparticles | N/A 231X 107 723X 10°
(Nantek, Inc.)

GD-5 Decontaminant N/A 1.06 X 10° 1.22X 10°
(O.W. Ruttersbach)

oo 0V igerT) | A

*. All data except for Present Invention taken from SBCCOM Report (Harper and Larsen, 2001.)
NA: Data not available.
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Harper and Larsen (2001) was used to demonstrate the efficacy of a biocide of this mvention
as a potential sporicidal /decontaminating agent. Results are summarized in Tables 7, 8, 9 and
10. As used in these tables, the “Present Invention” was a biocide formed in accordance with

this invention using sodium hypochlorite and hydrogen peroxide at a weight ratio of 10:1.

Table 7
Comparison of Technologies for Decontaminating Bacillus spores on Concrete Block

Mean Contamination, Sarvival S
Kill Before urvival Spores,
Technology® . . s After Decontamination
Time Decontamination (cfu/in?)
(min) (cfu/in®)

University of Michigan | 90 9.15 X 10’ 7.1 X 10°

Nanotek

Foam (Sandia National | N/A 7.4 X 107 9.25 X 107

Laboratory)

L-Gel (Lawrence 30 3.8 X 10’ 6.67 X 10°

Livermore Laboratory)

Activated Hypochlorite | N/A 5.4 X 10° 3.7 X 10

(Naval Laboratory)

Reactive nanoparticles | N/A 2.31X 10’ 7.23 X 10°

(Nantek, Inc.)

GD-5 Decontaminant N/A 1.06 X 10° 1.22 X 10°

(O.W. Rittersbach)

Ozone-UV (Diligen II) 1.71 X 10’ 58 X 10°
L47X 10 =12

# All data except for Present Invention taken from SBCCOM Report (Harper and Larsen, 200 1.)
NA: Data not available.
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Table 8

Comparison of Technologies for Decontaminating Bacillus spores on Acoustic Ceiling Tile

Mean
Contamination, Survival Spores,
Technology™ Kill Time Before After
° (min) Decontamination | Decontamination
(cfu/in®) (cfu/in?)

University of Michigan 90 3.6 X 107 1.06 X 107
Nanotek

Foam (Sandia National | N/A 3.4X 10’ 6.8 X 10°
Laboratory)

L-Gel (Lawrence 30 2.65X 10’ 90X 10°
Livermore Laboratory)

Activated Hypochlorite | N/A 2.5X 10’ 3.95 X 10°
(Naval Laboratory)

Reactive nanoparticles N/A 425X 107 1.63 X 107
(Nantek, Inc.)

GD-5 Decontaminant N/A 2.19 X 10’ 2. 75X 10°
(O.W. Rittersbach)

Ozone-UV (Diligen 1I) 4.5X 10’ 1.63 X 107
Present Invention 7.4X 10° 1 X 10!

#. A1l data except for Present Invention taken from SBCCOM Report (Harper and Larsen, 200 1.)
NA: Data not available.
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Table 9

Comparison of Technologies for Decontaminating Baci//us spores on Tightly-Woven Carpet

Mean

Contamination, Survival Spores,
Before After
W
Technology Decontamination Decontamination
(cfu/in®) (cfu/in?)

University of Michigan 90 6.85 X 10’ 2.26 X 10*
Nanotek

Foam (Sandia National | N/A 5.72 X 10’ 1.49 X 10°
Laboratory)

-Gel (Lawrence 30 6 X 10 1.42 X 10°
Livermore Laboratory)

Activated Hypochlorite | N/A 5.1 X 107 3.45X 10°
(Naval Laboratory) |

Reactive nanoparticles N/A 43X 10 4.22 X 10°
(Nantek, Inc.)

GD-5 Decontaminant 35X 10’ 4.48 X 10°
(O.W. Rittersbach)

N/A
Ozone-UV (Diligen 11) 5.45X 10’ 3.55X 10’ |
L17 X 10°

+. All data except for Present Invention taken from SBCCOM Report (Harper and Larsen, 2001.)
NA: Data not available.

Table 10

Comparison of Technologies for Decontaminating Bacillus spores on Steel Surfaces

Technology* cfu/cm’

Ozone-UV (Diligen) _ 7.6 X 10° 3.53 X 10°
Reactive nanoparticles 9.3 X 10° 2.1 X 10’
(Nanotek)

L-Gel (Lawrence- 30 6.67 X 10° 4.5 X 107
Livermore)

Spore Count Before
cfu/cm®

Spore Count After
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Activated hypochlorite - 3.7X 10° 1.56 X 10°

GD-5 Decontaminant i 1.9X 107
Present fnvention 1X 10° o

* a1l data except for Present Invention taken from SBCCOM Report “A Comparison of
Decontamination Technologies for Biological Agents on Selected Commercial Surface Materials™ Dr.

B. Harmper and Dr. L. Larsen, Dugway Proving Ground, April 2001.

STUDY 3
Biocide Synergistic Effect against Pseudomonas aeruginosa

Organism and maintenance
[0045]  Pseudomonas aeruginosa ATCC 1942 was obtained from the American Type

Culture Collection (ATCC, Manassas, VA) and grown overnight at 35°C on nutrient broth
(Difco, Detroit, MI) to approximately 10® CFU/ml. Cultures were maintained in nutrient agar

plates and stored at 4°C.

Preparation of stock solutions

[0046] Hydrogen peroxide (2.5% and 0.5%) (Sigma-Aldrich, St. Louis, MO), sodium
hypochlorite (5% and 0.5%) (Sigma-Aldrich, Allentown, PA) and sodium peroxide (0.5%)
(Sigma-Aldrich, St. Louis, MO) solutions were prepared freshly before each expermment by

dilution of concentrated stock solutions with sterile distilled water.

[0047] Determination of Minimum Inhibitory Concentration: The Mimimum Inhibitory
Concentration (MIC) of each biocide or combination was obtained by mixing each biocide
component or combination in 15 ml test tubes and gradually adding nutrient broth to the

desired biocide concentration and a final volume of 10 ml. Each test tube was then moculated

with 0.1 ml aliquot of an overnight culture of Pseudomonas aeruginosa ATCC 1942to a final
concentration of approximately 10¢ CFU/ml. The cultures were incubated for 24 hours at

35°C. The lowest concentration of biocide where there was no growth after 24 hours was

taken as the MIC (Lorian, 1991).
[0048] Determination of Fractional Inhibitory Concentration: The Fractional Inhibitory

Concentration (FIC) was calculated by the obtained MIC values as described by the method

of Berenbaum. See equation below:
AJ/A.+ B/B,

Where, A, and B, represent the biocide components used in combimation; A, and B, represent
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the biocide components used exclusively, wherem A represents the effective concentration
(MIC) of a component of the biocide and B represents the effective concentration (MIC) of
another component of the biocide. When the sum of these fractions s 1, the combination is
additive; <1, the combination is synergistic, and >1, the combination 1s antagonistic
(Berenbaum, 1978).

[0049] Results: Tables 11 and 12 present the MIC and FIC values of the biocide

combinations mentioned above, made in accordance with this invention, agamst

Pseudomonas aeruginosa ATCC 1942.

Table 11
- MIC Values for Pseudomonas aeruginosa ATCC 1942

Hydrogen Peroxide Sodium Peroxide Sodium Hypochlorite
(Welght ppm) (welght ppm) welght ppm)

Table 12
FIC Values for Pseudomonas aeruginosa ATCC 1942

Biocide Combination (weight ppm)

Hydrogen Peroxide:Sodium Hypochlorite 0.77
25:300

Sodium Peroxide:Sodium Hypochlorite

50:250

According to the data obtained in this study, a synergistic efiect exists between hydrogen
peroxide: sodium hypochlorite and sodium peroxide: sodium hypochlorite against

Pseudomonas aeruginosa ATCC 1942,

10050] As the foregoing description and exp erimental studies show, the present invention
enables the production and use of biocides which have tremendous biocidal effectiveness,
while at the same time provide a stable composition capable of being stored, used and/or
transported without significant degradation in effectiveness over reas onable periods of time.

[0051] Tt should be noted that compounds referred to by chemical name or formula
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anywhere in this document, whether referred to in the singular or plural, are identified as they

exist prior to coming into contact with another substance referred to by chemical name or
chemical type (e.g., another component, or a solvent). It matters not what chemical changes,
if any, take place in the resulting mixture or solution, as such changes are the natural result
of bringing the specified substances together under the conditions called for pursuant to this
disclosure. The transformations that take place as the result of bringing these substances
together, are usually known to chemists and need no further elaboration.

[0052] Also, even though the claims may refer to substances in the present tense (e.g.,
"comprises", "is"), the refereﬁcc is to the substance as it exists at the time just before it is first
contacted, added, blended or mixed with one or more other substances in accordance with the
present disclosure.

[0053] Except as may be expressly otherwise indicated, the article "a" or "an" if and as used
herein is not intended to limit, and should not be construed as limiting, the description or a
claim to a single element to which the article refers. Rather, the article "a" or "an" if and as
used herein is intended to cover one or more such elements, unless the text expressly indicates
otherwise.

[0054]  The scope of the claims should not be limited by the prefefred embodiments set forth in

the examples, but should be given the broadest interpretation consistent with the description as a

whole.
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CLAIMS:
1. A biocide composition formed from ingredients comprising

a) a peroxide; and

b) a hypochlorite,

wherein:

1) the biocide composition is formed by adding the peroxide ingredient to the
hypochlorite ingredient so that the weight ratio of the hypochlorite to the
peroxide is no less than about 10:1; and

11) the composition is essentially free of organic materials.

2. A biocide composition as in Claim 1, wherein the peroxide 1s an alkali metal
peroxide.

3. A biocide composition as in Claim 2, wherein the peroxide 1s sodium peroxide.
4, A biocide composition as in Claim 1, wherein the peroxide 1s hydrogen peroxide.
. A biocide composition as in Claim 1, wherein the hypochlorite 1s an alkah
metalhypochlorite.

6. A biocide composition as in Claim 5, wherein the hypochlorite is sodium
hypochlorite.

7. A biocide composition as in Claim 1, wherein the peroxide 1s hydrogen peroxide

and the hypochlorite 1s sodium hypochlorite.

8. A biocide composition as in Claim 7, wherein the weight ratio of the sodium

hypochlorite to the hydrogen peroxide 1s about 10:1.
9. A method of producing a biocide composition, the method comprising charging to a
vessel a quantity of a hypochlorite, and then adding to the hypochlorite so charged a

quantity of a peroxide, the weight ratio of the hypochlorite so charged to the peroxide

added thereto being no less than about 10:1 wherein the method is carried out in essentially

the absence of organic matter.

10. A method according to Claim 9, wherein the peroxide is an alkali metal peroxide.

11. A method according to Claim 10, wherein the peroxide is sodium peroxide.
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12. A method according to Claim 9, wherein the peroxide is hydrogen peroxide.
13. A method according to Claim 9, wherein the hypochlorite is an alkali metal
hypochlorite.

14. A method according to Claim 13, wherein the hypochlorite is sodium hypochlorite.
15. A method according to Claim 9, wherein the hypochlorite 1s sodiumhypochlorite
and the peroxide is hydrogen peroxide.

16. A method according to Claim 15, wherein the weight ratio of the hypochlorite so
charged to the peroxide added thereto 1s about 10:1.

17. A method of decontaminating a surface which comprises contacting the surface
with a biocidally effective amount of a composition as defined in any one of Claims 1-8

with the proviso that the surface is not part of a human or animal.
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