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(57) ABSTRACT

This invention comprises a lightweight, portable chemical
combination of reagents for sterilizing or disinfecting objects
in the absence of electrical power or fire. The chemical com-
bination includes a chemical oxidant with the capacity to
liberate a biocidal intermediate, a chemical reductant of the
oxidant with the capacity to react with the oxidant, and an
effector to induce a reaction between the oxidant and reduc-
tant. In one embodiment, the oxidant comprises chlorite, the
reductant comprises sulfite, and the effector comprises ascor-
bate. In another embodiment, the chemical combination com-
prises the oxidant, reductant, effector and iron-activated mag-
nesium. When water or water solutions are added to either
embodiment, the chemical combination generates heat, steam
and a biocidal intermediate that can destroy contaminating
microorganisms. In one embodiment, the biocidal intermedi-
ate is a halogen-based biocidal intermediate, such as chlorine
dioxide. In another embodiment, the biocidal intermediate is
a halogen-free biocidal intermediate.
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CHEMICAL COMBINATION FOR
GENERATION OF DISINFECTANT AND
HEAT

STATEMENT OF GOVERNMENT INTEREST

[0001] The invention described herein may be manufac-
tured and used by the U.S. Government for Governmental
purposes without the payment of any royalty thereon.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention generally relates to a safe,
portable chemical combination of reagents which, when
combined, conveniently and safely generates heat, steam and
abiocidal chemical agent that destroys contaminating micro-
organisms or chemical agents on contaminated objects or
surfaces. The present invention does not require external
sources of power such as electricity or fire.

[0004] 2. Description of Related Art

[0005] Microbial contamination of objects and surfaces
such as food contact surfaces and food service equipment in
kitchen environments (e.g., cutting boards, knives, and uten-
sils), of military clothing, vehicles, and equipment, and of
medical, dental, or veterinary instruments can lead to the
transmission of infectious pathogens and the spread of food-
borne illnesses and other diseases. Inactivating these patho-
genic microorganisms to prevent infection and the spread of
disease requires disinfection or sterilization through the
application of a lethal treatment of commensurate stringency.
[0006] Military activities in remote or open field locations
often experience conditions wherein electrical power, water,
or fire is unavailable, of limited availability, or undesirable in
such environments. Military surgical teams in such instances
require clean, safe, sterile instruments and equipment that
contact the patient. While pre-packaged instruments trans-
ported to these locations arrive initially sterile, they become
contaminated following their use in medical procedures. It is
absolutely necessary that these contaminated instruments be
cleaned and sterilized before subsequent use on other patients
to prevent the transmission of infection and disease.

[0007] Inrepresentative hospitals, clinics, and laboratories,
contaminated instruments are customarily washed, scrubbed,
sealed in germ-free packaging, and then sterilized in an auto-
clave for re-use. Typically, pressurized steam autoclaves pow-
ered by electrical power generate heat and/or steam as the
agents most frequently used to sterilize glass, metal, or high-
melting plastic tools and instruments. However, it is currently
not possible to carry out such sterilization techniques in mili-
tary facilities located in remote or open field environments
where large pressurized steam autoclaves are not available,
and wherein electrical power, water, or fire is unavailable, of
limited availability, or undesirable. The challenge of replen-
ishing the supply of available sterile instruments in these
circumstances often requires transporting contaminated
equipment via aircraft to distant hospitals with the facilities to
support the operation of a pressurized steam autoclave. In
order to safely and effectively sterilize contaminated surgical
instruments for immediate re-use on site in these remote or
difficult-to-access locations with limited power supplies, it is
necessary to consider alternatives to electrical or fossil fuel-
powered sterilization using autoclaves.

[0008] There areseveral prior art sterilization methods used
to sterilize objects such as field feeding equipment, military

Aug. 5, 2010

equipment, or surgical tools. However, such prior art methods
are not suited for remote, field environments such as those
typically found in military situations or in countries ravaged
by disease and famine wherein international health workers
and doctors conduct medical operations in situ. The most
widely used chemical disinfectants are halogens, ozone, chlo-
rine dioxide, chloramines, and ethylene oxide. Among them,
the most effective disinfectant is chlorine. Ozone and chlorine
dioxide are very close to chlorine with respect to effective-
ness. Other halogens, such as bromine and iodine, are less
effective as is ethylene oxide, although, under certain circum-
stances, one of these agents may be recommended over the
others. For example, ethylene oxide is frequently used to
fumigate textiles because ethylene oxide is readily decom-
posed to non-toxic products on contact with air.

[0009] The major disadvantages of the two most effective
chemical disinfectants, i.e. chlorine and ozone, are problems
related to their storage, transport, and generation. Chlorine is
stored as a gas in heavy pressurized cylinders. Ozone is
unstable, and is generated in situ, which requires a source of
electricity. Heavy equipment is typically involved whether
electrical power is obtained from batteries or generators.
Ozone, moreover, is usually generated in an electrochemical
cell which must be continuously supplied with air at one
electrode and water at the other electrode thereby necessitat-
ing the use of further mechanical and/or electrical imple-
ments and devices. Other halogens and traditional disinfec-
tants, such as hydrogen peroxide, chloramines, and ethylene
oxide, are unstable, not sufficiently effective, or are difficult
to handle.

[0010] Another technique for sterilizing or disinfecting
objects entails the use of the disinfectant Super Tropical
Bleach (sodium hypochlorite in aqueous solution). This
bleach is typically used to decontaminate military equipment,
vehicles, weapons, clothing, and field-kitchen equipment.
However, hypochlorite cannot be generated on-site and must
be transported and stored in large, heavy containers.
Hypochlorite is also caustic and difficult to ship due to its
potential health hazards. Furthermore, hypochlorite is espe-
cially corrosive to metal surfaces such as those found on
military equipment, vehicles, weapons systems, and genera-
tors. Additionally, disinfection or decontamination by
hypochlorite produces environmentally hazardous by-prod-
ucts including carcinogenic compounds that endanger human
health. These disadvantages of Super Tropical Bleach prevent
its use in disinfecting contaminated surgical instruments in
remote or far-forward environments.

[0011] The use of radiation to achieve disinfection and
sterilization also has many disadvantages. Whether the radia-
tion takes the form of ultraviolet light, X-rays, or nuclear
emissions, it is usually applied in an enclosed environment.
The generation of such high-energy radiation either involves
electricity, for ultraviolet light and X-rays, or lead-lined con-
tainers and special handling, in the case of shielded installa-
tions for radioactive nuclides. Factors such as high power,
heavy and complex equipment and extreme safety precau-
tions preclude the rapid deployment of radiation sources from
one location to another, especially in remote areas.

[0012] Thus, these aforesaid sterilization and disinfection
methods that use chemicals or radiation are not suitable for
remote, field operations and in situations wherein electrical
power is not available or of limited availability.

[0013] Another known sterilization and disinfection tech-
nique involves chlorine dioxide synthesis. Known chlorine
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dioxide synthesis techniques typically use one of three meth-
ods: (a) electrochemical, (b) acidification, and (c¢) oxidation.
Each of these three methods is described in the ensuing
description.

[0014] (a) Electrochemical Methods

[0015] The electrochemical methods involve the formation
of chlorine dioxide from chlorine-containing compounds of
lower chlorine oxidation number, such as, but not limited to,
chloride, hypochlorite, or chlorite ions, by passage of an
electrical current through solutions of these electrolytes in an
electrochemical cell. For example, Tremblay et al. Patent
Application Publication No. U.S. 2003/0006144 discloses an
electrochemical method that requires the production of rela-
tively large volumes of electrolyte that must be constantly
stirred and transported in small amounts using an electro-
chemical cell. The electrochemical cell typically comprises
liquid reservoirs, pumps, and batteries which are not only
heavy, voluminous and bulky, but also are difficult to operate
without a source of electricity or fire. Furthermore, although
potable drinking water can be produced from such an elec-
trochemical cell, Herrington U.S. Pat. No. 6,736,966 does not
disclose achievement of sterilization, the more rigorous state
of complete elimination of microorganisms.

[0016] (b) Acidification

[0017] Acidification involves the formation of chlorine
dioxide by proton transfer to chlorite ion. The chlorous acid
so produced disproportionates to yield chloride and chlorate
ions, and various amounts of chlorine dioxide. Kampa Patent
Application Publication No. U.S. 2004/0062680 (“Kampa™)
discloses an apparatus and method wherein the components
needed for reaction are sequestered into two compartments
separated by a rupturable membrane. This method can be
used for acidification if a component in one compartment is a
proton-releasing reagent, and the other component in the
second compartment is a chlorite salt. Such a technique is
prone to several problems the solutions of which make the
techniques disclosed in Kampa undesirable for field steriliza-
tion. For example, the acidification reactions may be too slow
and require expensive catalysts that do not last long as is
found in Ostgard U.S. Pat. No. 6,399,039. Barenberg et al.
U.S. Pat. No. 5,980,826 (“Barenberg”) discloses a chemical
combination which is a variation on the acidification method
and uses a hydrophobic material to contact a contaminated
surface, a hydrophilic material to introduce water needed to
release protons, a proton-releasing reagent and a chlorite salt.
However, the chemical combination described in Barenberg
requires bulky material and precise control in order to achieve
the correct amount of moisture in the atmosphere. Thus, the
technique described in the aforesaid Barenberg patent is not
suited to the rigorous sterilization requirements associated
with remote field operations as is frequently found in military
applications (e.g., high altitudes or desert climates). Klatte
U.S. Pat. No. 6,635,230 describes a technique involving the
use of a zeolite to store the proton-releasing compound and
chlorite salt in a mixed, but unreactive state. However, such a
technique uses costly materials, requires fluid flow method-
ologies, and is not suited to the sterilization requirements
associated with remote sites wherein electrical power is not
available.

[0018] (c) Oxidation

[0019] Oxidation methods require the formation of chlo-
rine dioxide by using a chemical oxidant to raise the oxidation
number of a chlorine-containing chemical such as sodium
chlorite. A widely used oxidant is chlorine gas, which must be
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transported to the site in a heavy pressurized gas cylinder. In
addition, there are problems in gas delivery which require
considerable heavy, energy-consuming equipment to make
the device effective as a biocide. Such a technique is disclosed
in Jefferis, I1I et al. U.S. Pat. No. 4,908,188.

[0020] Thus, as shown above, none of these aforemen-
tioned chlorine dioxide synthesis methods provide a safe,
convenient, reliable means for generating sufficient chlorine
dioxide to achieve sterilization of objects in a relatively short
time and in remote locations.

[0021] There are also disinfection methods and techniques
that do not use chlorine dioxide. Such a method is described
in Tarancon U.S. Pat. No. 5,229,072. This technique uses a
fluorine-containing interhalogen compound such as gaseous
chlorine trifluoride which hydrolyzes upon contact with lig-
uid water or gaseous water vapor to release biocidal products.
This technique necessitates the safe handling of corrosive and
expensive materials as well as toxic gases. Furthermore, this
technique requires a chamber of controlled humidity to effec-
tuate disinfection. Thus, this technique is not suited for
remote field operations.

[0022] There are other prior art techniques and methods
that are variations of the techniques and methods described in
the foregoing description. For example, Rosenblatt et al. U.S.
Pat. No. 4,504,442 also discloses the use of chlorine dioxide
gas as a chemosterilizing agent. Contaminated surfaces are
contacted with an effective amount of gaseous chlorine diox-
ide for a predetermined amount of time to kill bacterial spores
at a temperature that does not overly exceed ambient tem-
perature. Rosenblatt et al U.S. Pat. No. 4,681,739 discloses
the use of chlorine dioxide gas as a chemosterilizing agent.
The method comprises the step of exposing a surface con-
taminated with spores to a humid gaseous environment and
then exposing the spores to an amount of gaseous chlorine
dioxide. Drake U.S. Pat. No. 6,042,802 discloses a method
and apparatus for generating and using chlorine dioxide. Spe-
cifically, this patent teaches a method for generating a volume
of disinfectant/sterilant fluid having a predetermined concen-
tration of chlorine dioxide. The method includes transferring
the generated chlorine dioxide gas to a separate disinfectant
chamber containing a liquid solvent. The liquid solvent is
chosen from the group consisting of water, alcohol, organic
solvents and chlorinated solvents.

[0023] Aoyagi U.S. Patent Application No. U.S. 2003/
0136426 discloses a method for cleaning and sterilizing
medical devices. The medical devices are immersed in a
chlorine dioxide solution. Thereafter, the medical device is
placed in a chlorine dioxide gas atmosphere. Nelson et al.
Patent Application Publication No. U.S. 2004/0101438 dis-
closes a method and apparatus for sterilizing or sanitizing a
container for food. Chlorine gas is produced either inside or
outside the container and then circulated inside and through-
out the container. The chlorine gas is then removed from the
container and is reclaimed by dissolving it in a solvent. How-
ever, the foregoing techniques and methods suffer from one or
more of the drawbacks and disadvantages described in the
foregoing description (i.e. complex, bulky and expensive
equipment, equipment that requires electrical power, etc.) and
therefore, are not suited for use in remote locations wherein
electrical power is not available or of limited availability, or
wherein fire is either not available or undesirable.

[0024] Thus, it is apparent that currently, there is no por-
table, power-free method to safely, conveniently, and control-
lably generate sterilant or disinfectant in field environments,
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particularly in remote locations, that can be used to sanitize
field feeding equipment, decontaminate military clothing or
equipment, or sterilize medical instruments. With respect to
sterilizing contaminated medical or surgical instruments,
there is currently no alternative to the costly and inconvenient
practice of collecting the used medical or surgical instru-
ments and tools, removing them from the remote field envi-
ronment, and transporting them to a distant site where they
are sterilized in electrically-powered hospital steam auto-
claves, packaged, and then transported back to the remote
field environment for reuse. What is needed is a technique
whose precursors can be safely and readily transported to
field locations (including difficult-to-access environments or
remote locations) and that requires no external power sources
to controllably and safely generate a lethal biocidal chemical
agent to sterilize objects or surfaces (e.g. field feeding equip-
ment, medical instruments, military clothing or equipment,
etc.) on site so that such objects can be cleaned, sterilized, and
reused quickly and safely.

SUMMARY OF THE INVENTION

[0025] The present invention is directed to portable and
power-free sterilization or disinfection of contaminating
microorganisms through the use of chemical energy in the
form of a chemical combination of safe, dry reagents that mix
in water to produce a biocidal chemical agent, heat, and
humidity. The atmosphere thus created is sufficiently lethal to
destroy contaminating microorganisms, biological agents or
bio-threats to human health such as viruses, parasites and
oocysts, bacteria and spores that cause food-borne illness,
infection, or disease. The chemical combination of the
present invention is specifically configured for use in situa-
tions where autoclave facilities are unavailable or remote,
where electricity or fire are not available, or the use of fire is
dangerous or otherwise disadvantageous, or the availability
or accessibility of electrical power and water is limited.
[0026] The chemical combination of the present invention
concomitantly produces a biocidal chemical agent, heat, and
humidity. The present invention is specifically configured to
sanitize, disinfect, decontaminate, or sterilize field feeding
equipment, utensils, food service countertops, cutting boards,
knives, utensils, food contact surfaces, military equipment,
vehicles, weapons, and clothing, and surgical instruments,
dental instruments, metal or high-melting plastic tools and
devices. Tests and experiments have shown that after expo-
sure to the conditions of heat, humidity, and the biocidal
chemical agent acting in concert, the contaminating microor-
ganisms show no detectable formation of colonies when
recovered on appropriate media. The chemical combination
of'the present invention is also configured to take place safely
in plastic containers, rubber containers, aluminum or stain-
less-steel containers, and autoclaves to heat, disinfect, or
sterilize objects.

[0027] In one embodiment, the chemical combination of
the present invention comprises constituents that can be var-
ied in appropriate quantities or relative proportions. Specifi-
cally, this chemical combination comprises water or an aque-
ous solution, a chemical oxidant having the capacity to
liberate a biocidal intermediate, a chemical reductant having
the capacity to reduce the chemical oxidant, an effector that
interacts with the chemical oxidant releasing biocide and
inducing chemical reaction between the chemical oxidant and
the chemical reductant, and a metallic reductant that has the
capacity to controllably reduce water or an aqueous solution.

Aug. 5, 2010

[0028] In another embodiment, the chemical combination
of the present invention generates combinations of heat,
humidity or steam, and a biocidal chemical agent that decon-
taminates, disinfects, or sterilizes objects or surfaces con-
taminated with target microorganisms, but does not use a
metallic reductant. In such an embodiment, the chemical
combination of the present invention comprises water or an
aqueous solution, a chemical oxidant with the capacity to
liberate a biocidal chemical agent through chemical reaction,
a chemical reductant having the capacity to reduce said
chemical oxidant, and an effector that liberates the biocidal
chemical agent and induces further chemical reaction
between the chemical oxidant and the chemical reductant.
Preferably, the chemical oxidant is sodium chlorite, the
chemical reductant is sodium sulfite, and the effector is
sodium hydrogen ascorbate. The resulting aqueous chemical
reaction is exothermic. Thus, it releases thermal energy
thereby increasing the temperature and the relative humidity
of'the surrounding atmosphere. Upon addition of the water or
water solutions, the ascorbate-initiated reduction of chlorite
begins with the transfer of an electron from chlorite to ascor-
bate that causes a release of heat, a decrease in the solution
pH, and the release of chlorine dioxide in both heated gaseous
and aqueous forms. After initiation by ascorbate, chemical
reaction intermediates generated by the ascorbate-chlorite
initial reaction induce chemical reaction between the oxidant
chlorite and the reductant sulfite, which produces heat and
increases the solution pH. The resulting heated chlorine diox-
ide is a lethal biocidal agent as either a heated gaseous and/or
aqueous solution. Carrying out this aspect of the present
invention inside a closed container can maintain an atmo-
sphere of biocidal chemical agent, heat, and humidity for a
time sufficient to effect the destruction of all contaminating
microorganisms present.

[0029] Theheat generated by the chemical reaction of these
constituents can be sufficient to boil water, thereby bathing
the objects to be disinfected or sterilized in an atmosphere of
moist heat containing a biocidal chemical agent. The final
products yielded by the chemical combination of the present
invention are environmentally benign dehydroascorbic acid,
carbon dioxide, sodium chloride, sodium sulfate, and chlo-
rine dioxide.

[0030] In the preferred embodiment, the chemical effector
is chosen from the group of protonated ascorbate-species
consisting of hydrogen ascorbate ion, ascorbic acid, and
ascorbate dianion. In other embodiments, the effector can be
other chemical compounds, such as reducing sugars, or other
organic acids, such as erythorbic acid or tartaric acid and their
respective ions.

[0031] In one embodiment of the chemical combination of
the present invention, chlorite is used as the chemical oxidant
to generate the biocidal chemical agent chlorine dioxide. In
another embodiment, the chemical combination of the
present invention contains a chemical oxidant that does not
contain chlorine. This particular chemical oxidant can be
used in addition to, or in place of, chlorite which is the
preferred oxidant. For example, the chemically similar halo-
gen-containing oxidant bromate could be used. Additional
oxidants could include other halogen-containing species such
as hypobromite or bromite, and halogen-free species such as
persulfate, or hydrogen peroxide. In these embodiments, the
exposure of the chemical oxidant to the effector, such as
ascorbate, produces reactive potential or actual biocidal



US 2010/0196252 Al

agents such as bromine dioxide, sulfate radical ion, or
hydroxyl radical, respectively.

[0032] In a preferred embodiment, the chemical combina-
tion of the present invention uses chlorite as the chemical
oxidant and sulfite as the chemical reductant. It is possible to
construct other embodiments with chlorite in which the
reductant is some other reducing species such as, but not
limited to, hypophosphorus acid or phosphorus acid. These
additional reductants can be used in further embodiments
incorporating other halogen-based or non-halogen-based
oxidants.

[0033] In another embodiment, the present invention is
directed to a chemical combination that generates copious
and sustainable amounts of heat, humidity or steam, and a
biocidal chemical agent that decontaminates, disinfects, or
sterilizes objects or surfaces contaminated with target micro-
organisms. In this embodiment, the chemical combination
comprises water or water solutions, a chemical oxidant hav-
ing the capacity to liberate a biocidal intermediate, a chemical
reductant having the capacity to reduce the chemical oxidant,
an effector that interacts with the chemical oxidant to release
biocide and induce chemical reaction between the chemical
oxidant and the chemical reductant, and a metallic reductant
blended with an activator. The combination of the metallic
reductant blended with the activator has the capacity to con-
trollably reduce water or aqueous solutions. Preferably, in
this embodiment, the chemical oxidant is sodium chlorite, the
chemical reductant is sodium sulfite, the effector is sodium
hydrogen ascorbate and the metallic reductant is magnesium
blended with 5 mole percent iron, and referred to hereinafter
as Mg(Fe). These aforementioned constituents are mixed in a
single reactor vessel. Preferably, the dry components of the
chemical combination are first added together. Chemical
reactions do not occur until after the addition of water or
water solutions. Upon mixing the dry constituents with water,
exothermic magnesium reduction of water to dihydrogen
occurs. At approximately the same time, chlorine dioxide is
released as ascorbate reacts with chlorite.

[0034] In an alternate embodiment, the oxidant, e.g. chlo-
rite, is first dissolved in water, and the remaining dry constitu-
ents, the chemical oxidant, effector and metallic reductant,
are then added to the aqueous solution comprised of water or
water solutions and the chlorite chemical reductant. This
embodiment will reduce the output of dihydrogen as the
magnesium will reduce both water and dissolved chlorite. As
in the magnesium-free aspect of the invention, further
embodiments are possible, wherein the chemical oxidant,
chemical reductant, and effector are replaced by other com-
pounds such as those listed above in the foregoing descrip-
tion.

[0035] When all of the aforesaid constituents of the chemi-
cal combination of the present invention have been associated
in a suitable container, this chemical combination generates
sustainable heat, humidity or steam, and a biocidal chemical
agent that destroys contaminating microorganisms capable of
inhabiting feeding equipment, food utensils, and food contact
surfaces, military equipment, vehicles, and clothing; or used
surgical instruments or medical equipment.

[0036] Theheat generated by the chemical reaction of these
constituents can be sufficient to boil water, thereby bathing
the objects to be disinfected or sterilized in an atmosphere of
moist heat containing a biocidal chemical agent. The final
products yielded by the chemical combination of the present
invention are environmentally benign magnesium hydroxide,
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dehydroascorbic acid, carbon dioxide, sodium chloride,
sodium sulfate, and chlorine dioxide.

[0037] In addition to iron, smaller amounts of other transi-
tional elements such as vanadium, manganese, and cobalt can
act as magnesium activators and be blended (or milled) into
the magnesium. In this aspect of the invention, where a tem-
perature within the disinfection chamber above 100° C. is
maintained for several minutes, other metallic reductants
such as calcium or sodium amalgam may be used in addi-
tional embodiments.

[0038] A significant advantage of the chemical combina-
tion of the present invention is that it is configured for condi-
tions and situations wherein electrical power is either not
available or is of limited availability. For example, the present
invention provides a solution to the longstanding problem
wherein the transportation of power sources, such as genera-
tors, is either difficult or not possible, or wherein the use of
fire to generate heat is either not desirable or not possible.
[0039] Another important advantage of the present inven-
tion is that it solves the problems associated with prior art
techniques and methods wherein the transportation of disin-
fectant chemicals or solutions is difficult due to the bulkiness
or large volume and/or weight of such chemicals, solutions
and required equipment.

[0040] A further advantage ofthe present invention is that it
eliminates the problems related to the transportation of haz-
ardous chemicals that pose health and environmental risks.
[0041] Other features and advantages of the present inven-
tion will be apparent from the following description in which
the preferred embodiments have been set forth in conjunction
with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] In describing the preferred embodiments of the
invention reference will be made to the series of figures
briefly described below.

[0043] FIG.11is a graph that shows the temperature profiles
of one embodiment of the chemical combination of the
present invention and its individual components.

[0044] FIG. 2 is a graph that shows a sustainable tempera-
ture profile occurring in a 20 L insulated container with a
reaction combination comprising water, chlorite, sulfite,
ascorbate and magnesium/iron.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0045] The presentinvention is directed to a chemical com-
bination for use in portable and power-free sanitization,
decontamination, disinfection, or sterilization of objects,
equipment, or surfaces contaminated with microorganisms or
chemical compounds capable of transmitting food-borne ill-
nesses, infections, or disease.

[0046] In one embodiment, the chemical combination of
the present invention utilizes a metallic reductant comprising
magnesium and an iron activator. In another embodiment, the
chemical combination of the present invention is magnesium-
free. However, in both of the aforementioned embodiments,
the chemical combination comprises water or water solu-
tions, a chemical oxidant, a chemical reductant and an effec-
tor.

[0047] Thus, in one embodiment, the chemical combina-
tion of the present invention comprises water or water solu-
tions, a chemical oxidant, a chemical reductant, an effector
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and a metallic reductant. The water or water solutions serve as
a solvent for the chemical oxidant, the chemical reductant,
and the effector, and as a reactant for the metallic reductant.
The water or water solutions also serve as a source of steam.
The chemical oxidant has the capacity to liberate a biocidal
intermediate. The chemical reductant has the capacity to
reduce the chemical oxidant. The effector induces reaction
between the chemical oxidant and the chemical reductant.
Reaction of the chemical reductant with the chemical oxidant
provides a biocidal intermediate and generates heat and
steam. The resulting biocidal intermediate is in the form of a
disinfecting solution and gas (or vapor) that can be applied to
contaminated surfaces and objects in order to sanitize, decon-
taminate, disinfect, or sterilize such surfaces, objects, or
equipment. The metallic reductant has the capacity to sustain-
ably generate heat and steam. Furthermore, as will be appar-
ent from the ensuing description, when the chemical combi-
nation of the present invention is carried out in a closed
container, it produces and maintains in the container an envi-
ronment of disinfecting biocide gas and solution and an atmo-
sphere of steam or of high relative humidity and temperature
for a period of time sufficient to destroy all contaminating
microorganisms and/or chemicals present.

[0048] As explained in the foregoing description, the
chemical combination of the present invention uses water or
water solutions. One example of a suitable water solution is a
salt-water solution. The water or water solution has several
functions. Water (or a water solution) stabilizes reducing
entities derived from a metallic reductant, such as magne-
sium, serves as the oxidant of the metallic reductant, and
serves as the medium for reactions of dissolved components.
Importantly, it serves as a source of steam. For example, when
magnesium blended with iron is mixed with an aqueous salt
solution, heat is generated in addition to other reactions, and
steam evolves.

[0049] Inaccordance with the preferred embodiment of the
invention, the chemical oxidant is a halogen-based oxidant. In
one embodiment, the halogen-based oxidant is a chlorine-
containing compound that has the capacity to liberate chlo-
rine dioxide. In the preferred embodiment, the chlorine-con-
taining compound is sodium, lithium, potassium or any other
metal ion salt of chlorite.

[0050] Inanother embodiment, the chemical oxidant is not
a chlorine-containing compound, but instead, is a chemically
analogous halogen-containing oxidant such as hypobromite,
bromite, or bromate, or it is a chalcogen species such as
persulfate, or it is hydrogen peroxide. In such an embodiment,
exposure of such a chemical oxidant to an appropriate effec-
tor, such as ascorbate, produces reactive potential or actual
biocidal intermediates such as bromine dioxide, sulfate radi-
cal ion, or hydroxyl radical.

[0051] In accordance with the invention, the chemical
reductant has a sufficiently high reduction potential to reduce
the aforesaid chlorine-containing compound to chloride ion.
Thus, in a preferred embodiment, the chemical reductant is a
reducing compound or ion chosen from a representative
group of such reducing agents, for example, sodium sulfite,
sodium dithionite, hypophosphorus acid, iron(Il) chloride
(ferrous chloride), and mixtures thereof. However, it is to be
understood that the chemical reductant can be realized by
other suitable and appropriate reducing compounds or ions.

[0052] The effector induces reaction between the chemical
oxidant (e.g. chlorine-containing oxidant) and the chemical
reductant and makes this reaction kinetically favorable. When
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the chemical oxidant is a chlorine-containing compound, the
effector facilitates reduction of the chemical oxidant to a
chloride ion so as to provide a reaction intermediate compris-
ing chlorine dioxide and to generate heat and steam. Specifi-
cally, the effector induces the reductant to react with the
oxidant by electron transfer thereby accelerating the oxida-
tion-reduction reaction. It has been found that using an ascor-
bate effector as an inductor of the chlorite-sulfite reaction and
combining this reaction with iron-activated magnesium pro-
duces a sustainable surge of heat with production of biocidal
chlorine dioxide. Thus, in accordance with the invention, the
effector is preferably chosen from a representative group
consisting of ascorbic acid, erythorbic acid, tartaric acid, or
other organic acids, or their respective ions, or a reducing
sugar. For example, in the preferred embodiment, the effector
is sodium hydrogen ascorbate.

[0053] Although the prior art recognizes ascorbate as a
reactant, the prior art does not teach, suggest or recognize the
use of ascorbate as an effector. For example, Simpson U.S.
Pat. No. 6,440,314 (“Simpson”) discloses a technique
wherein ascorbic acid is used to remove chlorite from aque-
ous solution by an oxidation-reduction reaction which pro-
duces chloride ion and dehydroascorbic acid. Specifically,
Simpson teaches the use of ascorbic acid as a common reac-
tant. Teruo et al. European Patent No. 0196075 (“Teruo™)
teaches the use of ascorbic acid to accelerate the destruction
of chlorite in a contact lens cleaning solution. Teruo treats
ascorbic acid as any one of a number of acids used to convert
the chlorite ion to chlorous acid which then decomposes.
However, neither of these patents teaches, suggests or recog-
nizes the use of ascorbate as an effector.

[0054] Inthe preferred embodiment, the metallic reductant
is magnesium milled or blended with 5 mole percent iron. In
one embodiment, this metallic reductant is configured in a
form with high surface area (such as powders, turnings, rib-
bons or wires) which may be provided alone or dispersed in
an inert porous matrix and which can further be configured as
a flat pad, sphere, a cylinder, a block or irregularly shaped
form which permits reaction upon contact with a liquid sol-
vent such as water or water solutions. Such a form of metallic
reductant is described in Taub et al. U.S. Pat. No. 5,517,981,
the disclosure of which is incorporated herein by reference.
[0055] In the preferred embodiment of the chemical com-
bination of the present invention, non-zero enthalpic reac-
tions are represented by reactions 1-4.

Mg+2H,0—>Mg(OH),+H,+352.97 kl/mol o)

2Mg+ClO, +4H"—2M g2 +Cl+2H,0+1,504.5

kI/mol 2)
ClO, +280;> —Cl™+280,>"+648.3 kl/mol 3)
5CIO, +2H,0+2.46 kI/mol—4ClO ,+Cl +40H™ @

In this preferred embodiment, the chemical combination
comprises water and the chemical oxidant is the chlorine-
containing compound chlorite, the chemical reductant is
sulfite, and the metallic reductant is Mg(Fe). The net combi-
nation of reactions 1-4 acts to release heat.

[0056] The reaction of Mg(Fe) with a salt-water solution
produces heat, steam and by-product dihydrogen gas. The
chlorite ion suppresses the volume of by-product dihydrogen
gas that is released by the reducing action of the metallic
reductant Mg(Fe). Chemical additives that can suppress the
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dihydrogen gas produced by the Mg(Fe)-water chemical
reaction include copper(Il) chloride, oxyhalogenites, or
sodium chlorite ion.

[0057] Introduction of sodium hydrogen ascorbate as the
effector to the chlorite-sulfite reaction causes acceleration of
the chlorite-sulfite reaction such that it becomes a practical
source of heat and chlorine dioxide. It has been found that in
the absence of an effector that favors electron transfer, the
reaction between reductant and oxidant, such as that between
sulfite and chlorite ions, is relatively slow. It has also been
found that introducing a sodium hydrogen ascorbate effector
to the chlorite-sulfite reaction accelerates the chlorite-sulfite
reaction when the amount of sodium hydrogen ascorbate is
less than a stoichiometric amount. As a result, the accelerated
chlorite-sulfite reaction becomes a practical source of heat
and chlorine dioxide. Thus, upon transfer of an electron from
hydrogen ascorbate ion (AH™) to chlorite ion (C10,7, very
rapid chemical transformations occur, and the stable but reac-
tive chemical species chlorine dioxide (.ClO,) and chlorine
monoxide (.ClO) are formed. These species are reactive,
because they contain an odd number of electrons. Unlike the
chlorite ion, chlorine monoxide readily accepts an electron
from the reductant sulfite.

[0058] The rapid reaction between chlorite and sulfite that
occurs in the presence of the ascorbate effector (i.e. hydrogen
ascorbate ion) is represented by the following sequence of
reactions:

.ClO+S0;>"—=ClO™+S0;.” (3)
.ClO;™+80;.7—.CI0+S0,2~ (6)
.ClO+CIO,™—.ClO,+CIO~ 7
[0059] The prior art clearly does not teach or recognize the

novel combination of an oxidation-reduction reaction in the
presence of an effector such as hydrogen ascorbate ion (AH™),
ascorbic acid (AH,), ascorbate dianion (A*7) or erythorbic
acid or its respective ions, or tartaric acid, other organic acids
and their respective ions or reducing sugars, especially with
the purpose of producing a biocidal agent for sanitizing,
decontaminating, disinfecting or sterilizing contaminated
objects. The oxidation state of chlorine in chlorine dioxide
(4+) is relatively higher than that of chlorine in the chlorite ion
(3+4). However, in accordance with the present invention, an
electron of the effector (e.g. hydrogen ascorbate ion) is trans-
ferred to the chlorite resulting in a very short-lived transient
species which, as a result of further reactions, leads to the
production of chlorine dioxide.

[0060] The overall reaction between sulfite and chlorite
ions is very exothermic. The enthalpy of reaction between
sulfite and chlorite ions is approximately —-648.3 kJ/mol. In
accordance with the invention, the magnesium-water reaction
is incorporated with the ascorbate-sulfite-chlorite reaction.
Such a feature allows the present invention to be used in
various manners. For example, the chemical combination of
the present invention can be used in an enclosed device (e.g.
autoclave), which is a closed container or pouch constructed
of plastics, rubber, aluminum, stainless steel, etc. When the
present invention is implemented in an autoclave, steriliza-
tion of contaminating microorganisms is accomplished by
heating the objects at about 121° C. for an amount of time
between about eight and twelve minutes. In order to achieve
this temperature with steam, the interior of the autoclave is
maintained at a pressure higher than normal atmospheric
pressure. Otherwise, steam will maintain the temperature at
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which liquid water boils, 100° C., at ambient pressures of
approximately 1.0 atmosphere (10° Pascal). Therefore, the
present invention functions as a chemical heater which simul-
taneously releases a powerful disinfectant and heat.

[0061] Variousexperiments and tests were conducted using
various embodiments of the invention and are now described
in the ensuing description.

Test 1

[0062] The novel result of using ascorbate as an effector or
activator of a chlorite-sulfite reaction and combining this
reaction with iron-activated magnesium results in a sustain-
able surge of heat with production of biocidal chlorine diox-
ide. This result is shown in FIG. 1 which shows temperature-
time profiles based on the results of an experiment conducted
in an adiabatic reactor having a total volume of 100 mL. and a
reaction volume of 4 mL. The reactant quantities used in the
experiment were as follows: 0.75 M sodium chlorite, 0.7 M
sodium sulfite, 0.3 M sodium hydrogen ascorbate, and 1.5 g
Mg(Fe). A four-fold molar excess of Mg(Fe) over chlorite ion
was used. A control experiment with water and 1.50 g Mg(Fe)
alone demonstrates a temperature-time profile with a tem-
perature peak of roughly 122° C. occurring at approximately
4.3 minutes after the start of the reaction. A second type of
control test consisting of water, chlorite, sulfite, and ascorbate
in water (in the absence of the Mg(Fe) metallic reductant)
displays a temperature-time profile with a maximum tem-
perature of roughly 40° C. occurring at approximately 1.3
minutes after the start of the reaction. Combining all of the
constituents of the chemical combination in appropriate
quantities in the same reaction volume, the present invention
shows a temperature-time profile featuring a temperature
maximum of =120° C. occurring significantly earlier
(time=1.75 minutes) and displaying a more rapid rate of
ascent to the maximum than the previously described profiles.
Additionally, this reaction composition features the produc-
tion of a yellow solution and a yellow gas forming concomi-
tantly with the evolution of heat. The yellow gas was col-
lected, isolated, and positively identified by mass
spectrometric analysis to be chlorine dioxide (.C10,).
[0063] FIG. 1 shows the heat or temperature profile for (i)
the ascorbate-sulfite-chlorite composition without Mg(Fe),
(ii) the reaction of Mg(Fe) with water and without the ascor-
bate-sulfite-chlorite composition, and (iii) the heat or tem-
perature profile when the combination of Mg(Fe) and the
ascorbate-sulfite-chlorite composition are combined with
water.

[0064] As shown by the foregoing description, the chemi-
cal combination of the present invention, when using a chlo-
rine-containing compound as the chemical oxidant, reacts to
heat a sample of water to temperatures as high as those that are
sufficient to destroy contaminating microorganisms. At the
same time, it generates quantities of chlorine dioxide as high
as those sufficient to destroy contaminating microorganisms,
and, in appropriate configurations, sustains the temperature
profile of the water and/or generation of biocidal chlorine
dioxide for times sufficient to destroy contaminating micro-
organisms. Thus, the chemical combination generates quan-
tities of chlorine dioxide which, when combined with the
heated water, steam and relative humidity, act in concert for
sufficient times to destroy contaminating microorganisms.
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These features and characteristics of the present invention are
exemplified by Test 2 and FIG. 2.

Test 2

[0065] A composition was formed by mixing 3.3 mol
Mg(Fe), 0.25 mol ascorbate ion, 1.0 mol sulfite ion, and 1.64
mol chlorite ion in 600 mL water. As shown in FIG. 2, when
this composition is mixed in a relatively larger twenty liter (20
L) insulated container, the higher container-volume-to-sur-
face-area ratio and insulation cause a decrease in heat loss
thereby maintaining the maximum temperature for a rela-
tively longer period of time. It was found that maintaining the
maximum temperature for a relatively longer period of time
enhances both the thermal destruction of contaminating
microorganisms and the biocidal efficacy of the resulting
chorine dioxide, since more time is allowed for the generated
steam to permeate the surfaces to be decontaminated. As a
result, the temperature of the contaminating microorganisms
is significantly increased which facilitates destruction of the
contaminating microorganisms, dissolution of chlorine diox-
ide and contact between the chlorine dioxide and the contami-
nating microorganisms.

Test 3

[0066] A test was conducted to demonstrate the potency of
biocidal chlorine dioxide for eliminating the pathogen Sta-
phylococcus aureus, whose strains are known to cause food-
borne illnesses or infectious diseases. In this test, S. aureus
cells were suspended in Butterfield’s phosphate buffer diluent
with a pH of 7.2. The density of each of these robust collec-
tions of S. aureus suspensions was approximately 107 colony-
forming-units per mL (107 CFU/mL). For the testing proto-
col, different suspensions of S. aureus cells were exposed to
a single concentration of chlorine dioxide ranging from 0-44
ppm at 30° C. for 3-5 min before diluting and plating on agar.
Cell counts were made on samples recovered on Baird-Parker
Agar with EY-Tellurite and incubated at 35° C. for 48 hours.
Table 1 shows the destruction of S. aureus cultures by addi-
tion of aqueous chlorine dioxide solutions. In these test
results, S. aureus survival was detected only at the most dilute
chlorine dioxide solutions (0.044 ppm). However, increasing
the exposure times from a few minutes to 24 hours for the
treatment with 0.044 ppm chlorine dioxide solution resulted
in 100% inactivation of the pathogens. This observation is
consistent with lethality of chemical agents for destroying
microorganisms being the mathematical product of the con-
centration of the lethal agent (C) and the time (t) of exposure,
(Cxt).

TABLE 1
[ClO,] CFU/mL
(ppm) x107¢ Comment
0.0 9.55 Control
44 0.00
0.0 3.4 Control
44 0.00
0.0 9.55 Control
0.44 0
0.0 3.4 Control
0.044 0.116 3.4% survivors
0.044 <1.0x 107 Exposure over night
0.044 0.00 Exposure for 24 h
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Test 4

[0067] A series of tests were conducted to demonstrate the
effectiveness of the novel chemical combination of the
present invention in generating sufficient biocidal chlorine
dioxide, heat, and humidity in a closed container to eliminate
three different types of microorganisms. The list of microor-
ganisms evaluated in these tests includes vegetative bacterial
cells of Listeria monocytogenes and Escherichia coli, and
bacterial spores of Bacillus stearothermophilus. In these
tests, the chemical composition comprised 186 g sodium
chlorite, 126 g disodium sulfite, 50 g sodium hydrogen ascor-
bate, 24 g iron-activated magnesium powder, and 600 mL
water. The samples comprised microorganisms suspended in
Butterfield’s phosphate buffer solution in loosely capped test
tubes, then placed inside the closed container in which the
chemical constituents were mixed. The cells were exposed to
the biocidal chlorine dioxide, heat, and humidity generated
by the chemical combination for approximately 60 minutes
after initiation of the reaction. Table 2 shows that complete
destruction of each type of microorganism was achieved by
this composition.

TABLE 2
Species Initial CFU/mL Final CFU/mL
Bacillus stearothermophilus spores 1.00 x 108 0.00
Escherichia coli 1.20 x 107 0.00
Listeria monocytogenes 1.34 x 108 0.00

[0068] A fraction of the composition used in Test 4 can be
successfully employed proportionately if the container size
required a smaller amount of the composition. For example, if
acontainer halfthe size of the original was required, then only
300 mL of water would be used with one-half the weights of
each component than the amounts used to conduct Test 4.
[0069] As shown by the foregoing description, the chemi-
cal combination of the present invention has the capacity to
produce and sustain steam, heat and a biocidal intermediate
(e.g. chlorine dioxide) so as to achieve an atmosphere that
ranges between superheated steam and a relatively high
humidity at sub-boiling temperatures for durations sufficient
to effect the destruction of contaminating microorganisms.
Such an atmosphere can be achieved in an enclosed container
(e.g. autoclave, pouch, plastic, rubber, aluminum or stainless
steel containers, etc.) and sustained for an effective amount of
time to destroy contaminating microorganisms or biological
or chemical agents. Alternatively, the chemical combination
of the present invention can be used without any enclosed
container. In such a scenario, the heat, steam and biocidal
intermediate are generated then distributed over and around
objects to be sterilized so as to expose contaminating micro-
organisms to the steam, heat and biocidal intermediate.

[0070] Thus, the present invention provides a safe, efficient
and inexpensive method for chemically generating a biocidal
intermediate dissolved in heated water and/or steam which
can sanitize, decontaminate, disinfect, and/or sterilize con-
taminated equipment, objects, or contact surfaces such as
field-kitchen equipment, food-preparation surfaces, utensils,
mess kits, military equipment and vehicles, weapons, cloth-
ing, used surgical instruments, and/or medical equipment. An
important feature of the chemical combination of the present
invention is its flexibility such that it can be implemented in
various ways. As shown in the foregoing description, the
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chemical combination of the present invention can be carried
out in an enclosed device or container (e.g. autoclave, pouch,
plastic bag, etc.) and generate sufficient heat, steam, and
biocidal intermediate levels to safely sterilize or disinfect
contaminated objects within the device in the absence of
electrical power or fire. In such circumstances, the chemical
combination can generate high temperatures of the steam for
a sustained duration (e.g. 10-12 minutes) and biocidal inter-
mediate levels in an atmosphere ranging from superheated
steam to high relative humidity at sub-boiling temperatures
that are sufficient to destroy contaminating microorganisms.
On the other hand, when an enclosed device is not being used
to contain the chemical combination, the heat, steam and
biocidal intermediate, whether in gaseous form or in solution,
is generated then distributed on, over and around the objects
to be decontaminated so as to permeate the contaminated
surfaces and objects that must be sterilized and disinfected.
[0071] As shown by the foregoing description, the mass
(weight) ofthe chemical combination of the present invention
is relatively small requiring a minimum of components and
peripheral equipment (e.g. mixing container) thereby allow-
ing the chemical combination to be lightweight, portable,
flexible, safe, easy to transport, and well suited for use in
remote field conditions.

[0072] The principles, preferred embodiments and modes
of operation of the present invention have been described in
the foregoing specification. The invention which is intended
to be protected herein should not, however, be construed as
limited to the particular forms disclosed, as these are to be
regarded as illustrative rather than restrictive. Variations and
modifications may be made by those skilled in the art without
departing from the spirit of the invention. Accordingly, the
foregoing detailed description should be considered exem-
plary in nature and not as limiting the scope and spirit of the
invention as set forth in the attached claims.

1. A chemical combination for use in the sterilization and
disinfection of objects, comprising;

a chemical oxidant having the capacity to liberate a bio-

cidal intermediate;

a chemical reductant having the capacity to reduce said

chemical oxidant; and

an effector having an electron-transferring capacity to

induce reaction between said chemical oxidant and said
chemical reductant to cause said chemical oxidant to
liberate the biocidal intermediate.

2. The chemical combination according to claim 1 wherein
said effector comprises ascorbate.

3. The chemical combination according to claim 1 wherein
said effector is chosen from the group consisting of hydrogen
ascorbate ion, ascorbic acid, and ascorbate dianion.

4. The chemical combination according to claim 1 wherein
said effector is an organic acid or its respective ions.

5. The chemical combination according to claim 4 wherein
said effector is chosen from the group consisting of erythorbic
acid and tartaric acid or their respective ions.

6. The chemical combination according to claim 1 wherein
said effector is a reducing sugar.

7. The chemical combination according to claim 1 wherein
said chemical oxidant is a halogen-based chemical oxidant.

8. The chemical combination according to claim 1 wherein
said chemical oxidant is free of chlorine.
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9. The chemical combination according to claim 1 wherein
the chemical reductant is chosen from the group consisting of
sodium sulfite, sodium dithionite, hypophosphorus acid, and
iron(II).

10. The chemical combination according to claim 1
wherein the biocidal intermediate is a halogen-based biocidal
intermediate.

11. The chemical combination according to claim 1
wherein the biocidal intermediate comprises chlorine diox-
ide.

12. The chemical combination according to claim 1
wherein the biocidal intermediate is a halogen-free biocidal
intermediate.

13. A chemical combination for use in disinfecting and
sterilizing objects, comprising;

a liquid solvent such as water or water solutions having the

capacity to function as a source of steam;

a chemical oxidant having the capacity to liberate a bio-

cidal intermediate;

a chemical reductant having the capacity to reduce said
chemical oxidant;

an effector having an electron-transferring capacity to
induce reaction between said chemical oxidant and said
second reductant in order to cause said chemical oxidant
to liberate a biocidal intermediate; and

a metallic reductant having the capacity to reduce said

liquid solvent.

14. The chemical combination according to claim 13
wherein said metallic reductant comprises iron-activated
magnesium.

15. The chemical combination according to claim 14
wherein said activator is chosen from the group consisting of
V, Cr, Mn, Co, Ni, or any other transitional or more noble
metal than magnesium and mixtures thereof.

16. The chemical combination according to claim 13
wherein said metallic reductant is chosen from the group
consisting of Li, Na, K, Be, Ca, Zn, their corresponding
amalgams, and mixtures thereof.

17. The chemical combination according to claim 13
wherein said chemical oxidant is a halogen-based chemical
oxidant.

18. The chemical combination according to claim 17
wherein said chemical oxidant comprises a chlorine-contain-
ing compound.

19. The chemical combination according to claim 18
wherein said chemical oxidant is chosen from the group con-
sisting of sodium ion salt of chlorite and sodium ion salt of
chlorate.

20. The chemical combination according to claim 18
wherein said chemical oxidant is chosen from the group con-
sisting of the lithium ion salt of chlorite and the lithium ion
salt of chlorate.

21. The chemical combination according to claim 18
wherein said chemical oxidant is chosen from the group con-
sisting of the potassium ion salt of chlorite and the potassium
ion salt of chlorate.

22. The chemical combination composition according to
claim 18 wherein said chemical oxidant comprises a metal
ion salt of a salt chosen from the group consisting of chlorite
or chlorate.

23. The chemical combination according to claim 13
wherein said chemical oxidant is free of chlorine.
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24. The chemical combination according to claim 23
wherein said chemical oxidant is chosen from the group con-
sisting of hypobromite, bromite and bromate.

25. The chemical combination according to claim 23
wherein said chemical oxidant is chosen from persulfate and
hydrogen peroxide.

26. The chemical combination according to claim 13
wherein said chemical oxidant is a halogen-free chemical
oxidant.

27. The chemical combination according to claim 13
wherein said effector comprises ascorbate.

28. The chemical combination according to claim 13
wherein said effector is chosen from the group consisting of
hydrogen ascorbate ion, ascorbic acid, and ascorbate dianion.

29. The chemical combination according to claim 13
wherein said effector is an organic acid or its respective ions.

30. The chemical combination according to claim 29
wherein said effector is chosen from the group consisting of
erythorbic acid and tartaric acid or their respective ions.
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31. The chemical combination according to claim 13
wherein the effector is the ion of an organic acid.

32. The chemical combination according to claim 13
wherein said effector is a reducing sugar.

33. The chemical combination according to claim 13
wherein the chemical reductant is chosen from the group
consisting of sodium sulfite, sodium dithionite, hypophos-
phorus acid, and iron(I).

34. The chemical combination according to claim 13
wherein the biocidal intermediate is a halogen-based biocidal
intermediate.

35. The chemical combination according to claim 13
wherein the biocidal intermediate comprises chlorine diox-
ide.

36. The chemical combination according to claim 13
wherein the biocidal intermediate is a halogen-free biocidal
intermediate.



