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Finally, a Non-Toxic Complete System to Combat Germs, Viruses & Bacteria for Up To 30 Days
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As we all are preparing to adjust to the new “normal” for sanitizing protocols in our business, it is important to understand the products available and just how those products interact with the indoor environment. Professional Restoration Systems has been providing environmental mitigation services for over 33 years. We have a lot of experience and expertise in dealing with things like sewer back-ups, mold, and biohazards like Coronarvirus. We are continually working in businesses and municipalities like Aquarion Water Company, State Farm Insurance Agencies, City of Ansonia, and CT Transit to support their sanitization protocols for their facilities and vehicles.
The COVID-19 Pandemic has changed the shape of how we all operate our facilities and interact with the public. It is unclear as to how current events will shape our cleaning and maintenance protocols in the future, however, it is obvious that at this time sanitization of business, municipal, medical, and educational facilities is a primary initiative. The old ways of improving environmental hygiene by increasing the potency of the products being used or increasing the frequency of use provides little gain in regard to the hygiene of the indoor environment. Both of these methods come with increased toxicity, cost and labor issues while delivering marginal and intermittent impact. These protocols that have implemented in many facilities, and thought to be effective, create a “disinfection rollercoaster” and a toxic indoor environment.
The “disinfection rollercoaster” refers to the timeframe between the applications of disinfectant to surfaces within the facility. At the time the disinfectant is applied the microbes on the surface have been “cleaned” away. However, once that disinfectant dries, typically within 10 minutes, the microbial recontamination cycle begins again. In essence with typical sanitization protocols there are constant highs and lows of microbial contamination of surfaces, this is Pre-Coronavirus way of doing things. In reality, the number one goal of any environmental hygiene program should be to safely interrupt the cycle of infection. The only way to truly do this is to increase the time intervals where surfaces are efficiently protected from recontamination of viruses, germs, and bacteria. This can only be achieved by applying a nanomolecular antimicrobial protective barrier to surfaces. Without a protective barrier, environmental hygiene professionals can continually apply disinfectants but still have chronic issues with germ, virus, and bacteria transmission.
Professional Restoration Systems proprietary system, the Just Gone™ Sanitization System with Zoono® Microbe Shield Protectant, is less toxic than Vitamin C. This means that your facility can be treated with a EPA Registered Non-Toxic disinfectant and protected with a nanomolecular antimicrobial surface protectant that is non-toxic, pet and child friendly. With Professional Restoration Systems complete sanitization system there are no worries about surfaces being safe to touch, reactions by employees with chemical sensitivities, or repeatedly polluting the indoor environment with harsh chemicals. Additionally, due to the way that these products combat germs, viruses, and bacteria by puncturing the microbes they encounter, there is no possibility for the microbes to mutate or build up an immunity to create a superbug.
The business world as we all know it has changed, possibly forever, due to the COVID-19 Pandemic. Sharp managers have realized that focusing on the out-of-pocket expenses resulting from taking an extra step to protect the health and productivity of the workforce is no longer the primary driving factor. They have now realized that looking at the requirement of their workforce to complete time exhaustive cleaning protocols, along with the human and health costs associated with not having appropriate protective protocols in place is the primary focus and paramount to continuity.
Sanitization treatments provided by Professional Restoration Systems can be used to proactively treat facilities to help combat the potential risk of bacterial, viral, and germicidal growth. Additionally, our complete sanitization system is also effective for the treatment of facilities that have been occupied by individuals that have been confirmed to have COVID-
19. Our complete sanitization system will effectively treat with non-toxic, child and pet safe methods for up to 30 days.
[image: image7.jpg]


[image: image8.jpg]e o b b b ool 2



[image: image9.jpg]| O



[image: image10.jpg]


[image: image11.jpg]


[image: image12.png]


[image: image13.jpg]



Address 1

Address 2

City, State Zipcode 
555-555-5555
website
Full-Service Disinfectant & Protection Application Protocol
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Professional Restoration Systems has developed a disinfection and protection application protocol to treat facilities with the explicit purpose of helping to maintain a safe and healthy indoor environment. Specific concern has been placed around the utilization of non-toxic products that are safe for use around people and animals. Additionally, this protocol addresses the “Disinfection Rollercoaster” that most indoor environments experience. This protocol is meant to preserve workforce resources, lessen the effects of indoor environmental pollution caused by the repeated use of harsh chemicals, and to be a cost-effective alternative to daily and sometimes hourly cleaning protocols established by businesses and municipalities in an effort to reduce germ, virus and bacteria contamination. Constant application of disinfectant products does not provide consistent effectiveness, only Professional Restoration Systems Complete Sanitization System with Microbe Shield Protectantcan provide up to 30 days of protection from germs, viruses, and bacteria.
Overview of ATP Testing
A key feature of ATP monitoring systems is the use of bioluminescence technology to identify and measure adenosine triphosphate, commonly known as ATP.
What is ATP?
ATP is an energy molecule found in all plant, animal, and microbial cells. It fuels metabolic processes such as cellular reproduction, muscle contraction, plant photosynthesis, respiration in fungi, and fermentation in yeast. All organic matter (living or once-living) contains ATP, including food, bacteria, mold and other microorganisms. The detection of ATP on a surface or in water therefore indicate the presence of biological matter that may not otherwise be visible to the eye. In industries where plant hygiene control or cleanliness is crucial, ATP testing is an excellent tool for detecting and measuring biological matter that should not be present after cleaning.
Measuring ATP with Bioluminescence Technology
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ATP testing devices with bioluminescence technology contain a natural enzyme found in fireflies. This enzyme, called luciferase, produces a simple bioluminescence (light-producing) reaction when it comes in contact with ATP. Using bioluminescence technology, the luminometers can measure extremely low levels of ATP collected with testing devices. Measuring the amount of bioluminescence from and ATP reaction provides an excellent indication of surface cleanliness or water quality because the quantity of light generated by the reaction is directly proportional to the amount of ATP present in the sample. The bioluminescence reaction is immediate so results can be processed at the testing site in seconds. Results are expressed numerically on the luminometer screen in Relative Light Units (RLU).
Interpreting Results on the Luminometer
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The relationship between the amount of ATP collected in a sample and the RLU result displaced on the luminometer is linear. The RLU reading is directly proportional to the amount of ATP collected from the sample. A high RLU reading indicates a large amount of ATP at the test location. This in turn indicates improper cleaning ant the presence of potential contaminants.
Cleaning properly results in less ATP at the location. Lower ATP levels produce smaller amounts of light output during the bioluminescence reaction and consequently, a lower RLU reading.
Understanding ATP Cleaning Verification
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ATP Cleaning Verification Systems help to achieve optimal standardized cleaning levels. These systems use bioluminescence technology to identify and measure ATP. This measurement helps to objectively determine from a microbiological level if a surface has been cleaned properly and if safe for use, or if it requires corrective action such as re-cleaning.
Organic matter left on surfaces can become a point of cross-contamination between individuals which can lead to infection if not properly cleaned. Therefore, the
detection of ATP on a surface with the use of a luminometer after cleaning is an indication of cleaning efficacy.
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Overview of Chlorine Dioxide
Nothing Else Compares
Most sanitizing systems are complex, messy, or even worse dangerous for pets, humans, and the environment. Many deodorizing systems just cover up odors. Only the Just Gone System destroys odors completely and is incredibly fast to implement. That is because the Just Gone System gets the source!
Most people have never heard of Chlorine Dioxide (Clo2) the main ingredient of the Just Gone System. They think its bleach (which is Sodium Hypochlorite or NsCIO). Like bleach, Clo2 is used as a sanitizer and bleaching agent. Unlike bleach, Clo2 is safe to use, does not leave toxic residue. Chlorine Dioxide oxygenates products rather than chlorinating them. Clo2 is considered a “friendly” Deodorizer, Sanitizer and Disinfectant.
There are a lot of pathogenic organisms out there that can cause chaos. CLO2 is highly effective on most bacteria, virus, fungi, mold spores, algae, and blood borne pathogens, protozoa, yeast and biofilms. Just Gone is effective on all of them!
Where Microbes Lurk
Basically, they are everywhere! But how do you get to them? The Just Gone Sanitizing & Deodorizing System® uses a technologically advanced process to sanitize and deodorize areas without the need for toxic chemicals, fragrances or services, which require manual wiping and rinsing. In a fraction of the time needed by other sanitation systems, the Just Gone Sanitizing & Deodorizing System® can sanitize against a multitude of germs, allergens, odors and indoor contaminants in all areas. This would include walls, ceilings, floors, air handling systems (Duct work) and other hard to, or impossible to get to surfaces and areas. In other words…Just Gone- Just Everywhere!
What is Chlorine Dioxide?
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Chlorine dioxide is a molecule consisting of 1 chlorine atom and 2 oxygen atoms. Abbreviated to CLO2.
· It has a molecular weight of 67.45.
· It is a gas at normal temperatures and pressures.
· It has a melting point of -59'C.
· It has a boiling point of 11°C
· It is yellowish / green and has an odor similar to that of chlorine.
· It is denser than air and is water soluble at standard temperatures and pressures up to 2500 ppm.
· It is explosive in air at concentrations > 10%
· It is prohibited from all form of transport; it is normally generated at the point of application.
· It will decompose in the presence of UV, high temperatures, and high alkalinity (> pH 12).
[image: image23.jpg]


Chlorine dioxide is not another form of chlorine. We can draw an analogue to hydrogen and hydrogen cyanide, they are both gases, have the same first name, but completely different properties. So too with chlorine dioxide and chlorine, indeed one molecule does make a big difference.
Chlorine Dioxide is defined in the USA as having no elemental free chlorine" hence it does not chlorinate. It is because of this fact and the amazing chemistry of
chlorine dioxide that it is slowly becoming an important tool in disinfection and oxidation in the world to-day.
The physical and chemical properties of chlorine dioxide outline below will unravel its amazing capabilities.
· Chlorine dioxide does not dissociate in water. It stays as chlorine dioxide therefore its ability to operate as a disinfectant sanitizer is independent of p1-f.
· Chlorine dioxide is  an oxidant with a  low redox potential. It has a redox potential of +0.96 mV compared  to chlorine of +1.36 mV. There is no relationship between redox and disinfecting efficacy.
· Chlorine dioxide has a few specific chemical reactions. From this property a number of very interesting properties are derived:
· It has a very low toxicity rating; indeed, some formulations have GRA status. It is generally regarded as a " no irritant ".
· It is not corrosive as a pure chlorine dioxide solution.
· Its reactions are selective hence as an oxidant reagent consumption is maximized in the redox reaction not through side reactions.
· Chlorine dioxide has a remarkably high efficacy against vegetative cells, for example, bacteria: fungi yeasts and molds; viruses; algae; and protozoa. It has little to no effect on human, animal, and fish cells. It has been shown to have high efficacy against molluscs and acracides with unconfirmed reports suggesting some action against nematodes.
From the above properties it is not surprising then to learn that " chlorine dioxide does not constitute a risk against the environment". The Alliance for Environmental Technology (AET), is a group of 19 North American chemical manufacturers and forest product companies, established to promote proven and practical technologies to raise the environmental awareness has indicated that the "environmental risks of a modern paper mill using chlorine dioxide are INSIGNIFICANT."
· The low oxidation potential of chlorine dioxide means that it can penetrate biofilm and indeed chlorine dioxide has been proven as the MOST effective chemical  against biofilm. This has now  been recognized by numerous organizations e.g. Institute of Food Technologists in their report entitled "Microbial Attachment and Biofilm formation-A Scientific Summary, July '94 Food Technology. It has been clinically demonstrated that the presence of biofilm is the critical step in the infection pathway of legionellae. A simple and elegant solution is available in chlorine dioxide to overcome the problems related to having biofilm in a system. In terms of legionella control the singles biggest problem is the formation of cysts, in the biofilm. Only chlorine dioxide and ozone have the capability of inactivating cysts! Pulse dosing of a disinfectant is about 1000 times more effective for biofilm control than low level continuous dosing. CAUTION is advised when one is running disinfection/sanitizing program during which one is eroding away the biofilm---theory and practice are indeed different bed mates.
· Chlorine dioxide is a factor lower in dosage for the same efficacy against bacteria and fungi when compared against any other standard disinfectant like chlorine, iodine, bromine,  hydrogen  peroxide, quaternary  ammonium compounds MATS), glutraladehyde, phenolic and peroxyacetic acid formulations.
· Finally, chlorine dioxide can be easily and accurately measured in the food plant, potable water plant and for environmental applications. No other disinfectant / oxidizer can make this claim hence chlorine dioxide can easily meet GMP, HACCP1 SQF or any other quality food safety management system or environmental system for consistency of performance.
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In conclusion, therefore we have a disinfectant/sanitizer which is an oxidant with few chemical reactions, no pH limitations, incredibly low toxicity, worldwide approval for drinking water, remarkably high efficacy against micro-organisms, has a strong and measurable residual. The product when applied at use concentration in water will not corrode equipment; will not produce an environment harmful to workers or consumers.
Truly a wonderful product but it is not a magic bullet and it cannot solve all problems. We have examined the properties of chlorine dioxide that make it close to being the "ideal"' biocide, however, the fact that it is a gas which cannot be compressed without exploding seemingly reduces its availability to be used.
Chlorine Dioxide Timeline
· 1811 first discovered by Sir Humphrey Davey.
· 1944 Fist commercial application. Used as a Biocide/Taste and Odor Control agent in domestic water at Niagara Falls in the USA.
· 1977 Three thousand municipal water systems achieving biological control using chlorine dioxide,
· 1980's chlorine dioxide gradually replacing chlorine in many industries.
· Pulp and Paper industry as a bleaching agent.
· Industrial water treatment as a biocide and as an odor control agent.
· Food processing as a sanitizer.
· 1990's increasing used for the secondary disinfection of potable water.
· 2001 As the principal agent used in the decontamination of buildings in the United States after the anthrax attacks.
· 2005 Used after Hurricane Katrina to eradicate dangerous mold from houses inundated by water from massive flooding.
· 2008 First patent to produce 0L02 with a simple tablet (Globalex patent).
· 2009 Used to prevent against I-11N1
· 2011 New patent to produce CL02 with a simple tablet — 2 years stability — 12% concentration (Globalex patent).
Chlorine Dioxide: The "Ideal" Biocide
Chlorine dioxide is an extremely effective disinfectant, which rapidly kills bacteria, viruses, and Giardia, and      is also effective against Cryptosporidium. C102 also improves taste and odor, destroys sulfides, cyanides, and phenols, controls algae, and  neutralizes iron and manganese ions. It is  an  effective biocide at  concentrations  as low as 0.1 ppm (parts per million) and over a wide pH range. It is 10 times more soluble in water than  chlorine, even in cold water. Unlike iodine, chlorine dioxide has no adverse effects on  thyroid  function. Chlorine dioxide is widely used by municipal water treatment facilities.
The term "chlorine dioxide" is misleading because chlorine is not the active element. Chlorine dioxide is an oxidizing, not a chlorinating agent. CL02 penetrates the cell wall and reacts with amino acids and  the  cytoplasm within the cell, killing the microorganism. The by-product of this reaction is chlorite, which is harmless to humans.
For the super performance characteristics, chlorine dioxide has been described as the "ideal" biocide. It  is now included in many drinking water hygiene programs around the globe.
Complete testing has confirmed the safety of chlorine dioxide. This includes extensive studies by the Environmental Protection Agency (EPA) and World Health Organization (WHO).
· Chlorine dioxide has been recognized by World Health Organization (WHO) as the most effective disinfecting reagent.
· Its usage was approved by Food and Drug Administration (FDA) and Environment Protection Agency (EPA).
· Its status is also seen in the Report of FAO Codex Alimentarius, Food additive details Chlorine Dioxide.
· Chlorine dioxide is approved and recommended by EPA as an environmentally friendly drinking water additive to replace chlorine.
Chlorine dioxide has been called the "ideal" biocide for a number of reasons:
· It works against a wide variety of bacteria, yeasts, viruses, fungi, protozoa, spores, mold, mildews, and other microbes.
· It exhibits rapid kill of target organisms, often in seconds.
· It is effective at low concentrations and over a wide pH range.
· It biodegrades in the environment
· Unlike chlorine, it does not generate harmful by-products.
Molecular Size Matters
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As can be seen in the chart above, the size of a chlorine dioxide gas molecule is 0.124 nm, much smaller than microorganisms and viruses, allowing the gas to easily penetrate into any areas where these microorganisms might be concealed.
Chlorine Dioxide Germicidal Spectrum
Below table of some of organisms that chlorine dioxide has been tested with. Chlorine dioxide has proven effective at eliminating a wide range of organisms.
Biological Efficacy of Chlorine Dioxide
	Viruses
Ref.
Viruses
Ref

	Adenovirus Type 40
	6
	Minute Virus of Mouse (Parvovirus) (MVM-p)
	8

	Calicivirus
	42
	Mouse Hepatitis Virus (MHV-A59)
	8

	Canine Parvovirus
	8
	Mouse Hepatitis Virus (MHV-JHM)
	8

	Coronavirus
	3
	Mouse Parvovirus type 1 (MPV-1)
	8

	Feline Calici Virus
	3
	Murine Parainfluenza Virus Type 1 (Sendai)
	

	Foot and Mouth Disease
	8
	Newcastle Disease Virus
	8

	Hantavirus
	8
	Norwalk Virus
	8

	Hepatitis A Virus
	3
	Poliovirus
	20

	Hepatitis B Virus
	8
	Rotavirus
	3

	Hepatitis C Virus
	8
	Severe Acute Respiratory Syndrome Coronavirus
(SARS)
	

	Human coronavirus
	8
	Sialodscryoadenitis (Coronavirus) (SDAV)
	

	Human Immunodeficiency Virus (HIV)
	3
	Simian rotavirus SA-11
	15

	Human Rotavirus type 2 (HRV)
	15
	Theiler’s Mouse Encephalomyelitis (TMEV)
	

	Influenza A
	22
	Vaccinia Virus
	10

	Minute Virus of Mouse (Parvovirus) (MVM-i)
	8
	
	


	Bacteria
Ref.
Bacteria
Ref

	Akeslea trispora
	28
	Listeria monocytogenes LCDC-81-886
	19

	Brucella suis
	30
	Listeria monocytogenes Scott A
	1

	Burkholderia mallei
	36
	Methicillin-resistant Staphylococcus aureus
(MRSA)
	3

	Burkholderia pseudomallei
	36
	Multiple Drug Resistant Salmonella typhimurium
(MDRS)
	3

	Campylobacter jejuni
	39
	Mycobacterium bovis
	8

	Clostridium botulinum
	32
	Mycobacterium fotuitum
	42

	Corynebacterium bovis
	8
	Pediococcus acidilactici PH3
	1

	Coxiella burneti (Q-fever)
	35
	Pseudomonas aeruginosa
	3

	E. coli ATCC 11229
	3
	Pseudomonas aeruginosa
	8

	E. coli ATCC 51739
	1
	Salmonella
	1

	E. coli K12
	1
	Salmonella spp.
	2

	E. coli 0157:H7 13888
	1
	Salmonella Agona
	1

	E. coli 0157:H7 204P
	1
	Salmonella Anatum Group E
	1

	E. coli 0157:H7 ATCC 43895
	1
	Salmonella Choleraesins ATCC 13076
	1

	E. coli 0157:H7 EDL933
	13
	Salmonella choleraesuis
	8

	E. coli 0157:H7 G5303
	1
	SalmonellaEnterica (PT30) BAA-1045
	1

	Erwinia carotovora (soft rot)
	21
	Salmonella Entercia S. Enteritidis
	13

	Franscicella tularensis
	30
	Salmonella Enterica S. Javiana
	13

	Fusarium sambucinum (dry rot)
	21
	Salmonella Enterica S. Montevideo
	13

	Fusarium solani var. coeruleum (dry rot)
	21
	Salmonella Enteritidis E190-88
	1

	Helicobacter pylori
	8
	Salmonella Javiana
	1

	Helminthosporium solani (silver scurf)
	21
	Salmonella Newport
	4

	Klebsiella pneumonia
	3
	Salmonella Typhimurium C133117
	1

	Lactobacillus acidophilus NRRL 81910
	1
	Salmonella Anatum Group e
	1

	Lactobacillus brevis
	1
	Shigella
	38

	Lactobacillus buchneri
	1
	Staphylococcus aureus
	23

	Lactobacillus planetarum
	5
	Staphylococcus aureus ATCC 25923
	1

	Legionella
	38
	Staphylococcus Faecalis ATCC 344
	1

	Legionella pneumophila
	42
	Tuberculosis
	3

	Leuconostoc citreum TPB85
	1
	Vancomycin-resistant Enterococcus faecalis
(VRE)
	3

	Leuconostoc mesenteroides
	5
	Vibrio strain Da-2
	37

	Listeria innocua ATCC33090
	1
	Vibrio strain Sr-3
	37

	Listeria monocytogenes F4248
	1
	Yersinia enterocolitica
	40

	Listeria monocytogenes F5069
	19
	Yersinia pestis
	30

	Listeria monocytogenes LCDC-81-861
	1
	Yersinia ruckerii ATCC 29473
	31


	Chemical Decontamination
Ref.
Chemical Decontamination
Ref

	Cylindrospermopsin (CYN)
	25
	Mustard Gas
	

	Dihydronicotinamide adenine dinucleotide
	24
	Ricin Toxin
	10

	Microcystin-LR (MC-LR)
	25
	
	


	Protozoa
Ref.
Protozoa
Ref

	Chironomid larve
	37
	Cyclospora cayetanensis oocysts
	41

	Cryptosporidium
	34
	Encephalitozoon intestinalis
	27

	Cryptosporidium parvum Oocysts
	9
	Giardia
	34


	Algae/Fungi/Mold/Yeast
	Ref.
	Algae/Fungi/Mold/Yeast
	Ref

	Alternaria alternata
	26
	Candida spp
	5

	Aspergillus aeneus
	28
	Candida tropicalis
	28

	Aspergillus aurolatus
	28
	Candida viswanathil
	28

	Aspergillus brunneo-uniseriatus
	28
	Chaetomium globosum
	7

	Aspergillus caespitosus
	28
	Cladosporium cladosporioides
	7

	Aspergillus cervinus
	28
	Debaryomyces etchellsii
	28

	Aspergillus clavatonanicus
	28
	Eurotium spp.
	5

	Aspergillus clavatus
	28
	Fusarium solani
	3

	Aspergillus egyptiacus
	28
	Ladderomyces elongisporus
	28

	Aspergillus elongatus
	28
	Mucor circinelloides
	28

	Aspergillus fischeri
	28
	Mucor flavus
	28

	Aspergillus fumigatus
	28
	Mucor indicus
	28

	Aspergillus giganteus
	28
	Mucor mucedo
	28

	Aspergillus longivesica
	28
	Mucor rademosus
	28

	Aspergillus niger
	12
	Mucor ramosissimus
	28

	Aspergillus ochraceus
	28
	Mucor saturnus
	28

	Aspergillus parvathecius
	28
	Penicillium chrysogenum
	7

	Aspergillus sydowii
	28
	Penicillium digitatum
	3

	Aspergillus unguis
	28
	Penicillium herquei
	28

	Aspergillus ustus
	28
	Penicillium spp.
	5

	Aspergillus versicolor
	28
	Phormidium boneri
	3

	Botrytis species
	3
	Pichia pastoris
	3

	Candida spp.
	5
	Paitrasia circinans
	28

	Candida albicans
	28
	Rhizopus oryzae
	28

	Candida dubliniensis
	28
	Roridin A
	33

	Candida maltose
	28
	Saccharomyces cerevisiae
	3

	Candida parapsilosis
	28
	Stachybotrys chartarum
	7

	Candida sake
	28
	T-mentag (athlete’s foot fungus)
	3

	Candida sojae
	28
	Verrucarin A
	33


	Beta Lactams
Ref.
Beta Lactams
Ref

	Amoxicillin
	29
	Cephalexin
	

	Amplicillin
	29
	Imipenem
	29

	Cefadroxil
	29
	Penicillin G
	29

	Cefazolin
	29
	Penicillin V
	29
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Disinfection By-Products of Chlorine Dioxide
The disinfection by-products (DBPs) of chlorine dioxide reactions are chlorite (CL02-) and chlorate (CL03-) and eventually chloride (CL*). The fate of any DBPs depends largely on the conditions at the time, concentration, temperature, and the presence of other molecules.
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Generally, it is the concentration of chlorite residuals that is the "monitored" DPB of chlorine dioxide. Modern generation systems are able to monitor the downstream residual DBP and adjust the dose rate to ensure that environmental limits are not breached. In special cases, downstream reactions can be used to remove excess chlorite residual from the water stream.
It is important to note that the DPBs of chlorine dioxide are easily managed with the correct experience and advice, and do not present nearly the same scale of problems as found with other biocides. Unlike ozone, chlorine dioxide does not oxidize bromide ion (Br-) to bromate ion (Br03-).
Additionally, chlorine dioxide does not produce large amounts of aldehydes, ketones, or other DBPs that originate
from the ozonization of organic substances.
Approvals and Registrations for the use of Chlorine Dioxide
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USA Environment Protection Agency (EPA)
□
EPA approval for disinfectant / sanitizer with applications in food processing plants.
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EPA approval for disinfectant of environmental surfaces such as floor, walls, and ceiling in food processing
plants, such as poultry, fish, meat, and in restaurants, dairies, bottling plants and breweries.
· EPA approval for a terminal sanitizing rinse for food contact surface in food processing plants, such as poultry, fish, meat, and in restaurants, dairies, bottling plants and breweries.
· EPA approval for a sanitizing rinse of uncut, unpeeled fruits and vegetables, at 5 ppm followed by a potable tap water rinse.
· EPA approval for bacteriostatic in ice making plants and machinery.
· EPA approval for treatment of stored potable water, at 5 ppm, for drinking water.
· EPA bactericidal and fungicidal approval for hard non-porous surfaces in hospitals laboratories and medical environments.
· EPA bactericidal and fungicidal approval for instruments in hospital and dental environment (Pending).
· EPA bactericidal approval as a dental pumice disinfectant.
· EPA approval for general disinfectant and deodorization of animal confinement building, such as poultry, swine, barns, and kennels.
· EPA approval for the disinfection and deodorization of ventilation systems and air conditioning duct work.
Food and Drug Administration (FDA)
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    
FDA approval as a terminal sanitizing rinse, not requiring a water rinse, on all food contact surface.
United States Department of Agriculture (USDA)
· P-1 approval for bacterial and mold control in federally inspected meat and poultry processing plants for environmental surfaces,
· 0-2 approval as terminal sanitizing rinse not requiring a water flush, on all food contact surfaces in food processing plant.
· 3-0 approval for washing fruits and vegetables that are used as ingredients of meat, poultry, and rabbit products by a potable water rinse.
· G-5 approval for cooling and retort water treatment.
EU Codex Alimentarius
· For use as an anti-microbial for incidental contact on food or surfaces that the food comes into contact with.
UK Government
· Approved by the UK Secretary of State for the Environment under Regulation 25 (1)(a} of the Water Supply (Water Quality) (Amendments) Regulations 1991 (also in Scotland).
· Approved as a disinfectant for service reservoirs, distribution, mains, and waterworks apparatus.
· Approved as a disinfectant and taste and odor control product for use in water that is supplied for drinking, washing, cooling and food production purposes on condition that the combined concentration of chlorine dioxide, chlorite and chlorate does not exceed 0.5 ppm entering supply.
· Approved as a disinfectant by the Minister of Agriculture, Fisheries and Food and the Secretaries of State for Scotland and Wales for the Purposes of the Diseases of Animals (Approved Disinfectant) Order 1978 (As Amended) with corresponding approvals in Northern Ireland and Eire.
· Approved for the Control of legionellae.
· Approved by H5 (GPO for "The Control of legionellae including Legionnaires Disease" and MISC 150 the Technical Supplement to HS(G170 "The Control of legionellae in Hot and Cold-Water Systems".
Modes of Action of Chlorine Dioxide
Micro biocide Action


Chlorine dioxide is a stronger disinfectant than chlorine and chloramine. Ozone has great micro biocide effects but limited residual disinfection capability. Recent research in the United States and Canada demonstrates that chlorine dioxide destroys enteroviruses, E. coli amoebae and is effective against cryptosporidium cysts (Finch et al., 1997).
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Chlorine dioxide exists in the water as CL02 (little or no dissociation) and thus is able to permeate through bacterial cell membranes and destroy bacterial cells (Junli et. Al, 1977b). Its action on viruses involves adsorbing onto and penetrating the protein coat of the viral capsid and reacting with the viral RNA (An RNA virus is a vim that has RNA (ribonucleic acid) as its
genetic material. This nucleic acid is usually single-stranded RNA (ss1NA) but may be double-stranded RNA (dsRNAIL Notable human diseases caused by RNA viruses include SAPS, influenza, hepatitis C . W e s t N i l e f e v e r , P o l i o , a n d m e a s l e s .
The ICTV classifies RNA viruses as those that belong to Group II, Group ‘V, or Group V of the Baltimore classification system of classifying viruses and does not consider viruses with DNA itermediates in their life cycle as RNA viruses. Viruses with RNA as their genetic materials but which include DNA itermediates in their replica don cycle are milled retroviruses and comprise Group VI of the Baltimore classification. Notable human retroviruses include HIV-1 and HIV-2, the cause of the disease AIDS. Another term for RNA viruses that explicitly excludes retroviruses is rihonovirus 1.
As a result, the genetic capability of the virus is damaged (Junli et. Al, 1977x). In comparison to chlorine, chlorine dioxide can be more effective as a disinfectant due to the fact that chlorine exists in the water as HOCL or OCL-, As    a result, bacterial cell walls are negatively charged and repel these compounds, leading to less penetration and absorption of the disinfectant into the membranes.
Oxidant Action
The oxidant action of chlorine dioxide often improves the taste, odor, and color of water. Chlorine dioxide reacts with phenolic compounds, humic substance, organics, and metal ions in the water.
For example, iron is oxidized by chlorine dioxide so that it precipitates out of the water in the form of iron hydroxide. The precipitate is then easily removed by filtration.
CLO2 + 5Fe(HCO3)2 + 3 H20 = 5 Fe(0113+ 10 Cl2 + +
Chlorine dioxide reacts with organics, typically by oxidation reactions, and forms few Because of its radical structure, chlorine dioxide has a particular reactivity - totally different from that of chlorine or ozone. The latter behave as electron acceptors or are chlorinated organic compounds. Free chlorine, in the presence of organic precursors can form trihalomethanes (TWA's) and other halogenated compounds (Aieta and Berg, 1986).
Phenolic compounds present in drinking water are due mainly to contamination from industrial sources. Such molecules, even when present in concentrations of micrograms per liter, give an unpleasant odor and taste. Chlorine dioxide reacts rapidly with phenols. This reaction may vary in different systems.
1. The formation of quinones or chloroquine’s
2. The breaking of the aromatic ring and the formation of aliphatic derivatives.
Humic acid, a THM precursor, is oxidized by chlorine dioxide thus minimizing halogenated compound formation in secondary treatment (Aieta and Berg, 1986)
Function of Chlorine Dioxide
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Function of Chlorine Dioxide
Chlorine dioxide can be used as a Disinfectant, Sanitizer, Tuberculocide, Virucide, Fungicide, Algaecide, Slimicide, and Deodorizer.
Chlorine dioxide is a powerful oxidizing biocide and has been successfully used as a water treatment disinfectant
for several decades in many countries. Rapid progress has been made in the  technology  for  generation  of  the product and knowledge of its reactivity has increased with improved analytical techniques. Chlorine dioxide is a relatively stable radical molecule. It is highly soluble in water, has a boiling point of 110°C, absorbs light and breaks down into CLO3- and CL-. Because of its oxidizing properties chlorine dioxide acts on Fe2+, Mn2+ and NO2" but does not act on CL, NH4+ and Br- when not exposed to light. These ions are generally part of the chemical composition of natural water.
Because of its radical structure, chlorine dioxide has a particular reactivity – totally different from that of chlorine or ozone. The latter behave as electron acceptors or are electrophilic, while chlorine dioxide has a free electron for a homopolar bond based on one of its oxygen. The electrophilic nature of chlorine or hypochloric acid can lead, through reaction of addition or substitution, to the formation of organic species while the radical reactivity of chlorine dioxide mainly results in oxycarbonyls. Generally, chlorine dioxide rapidly oxidizes phenol type compounds, secondary and tertian', amines, organic sulphides and certain hydrocarbon polycylic aromatics such as ben7opyrene, anthracene and benzoathracene. The reaction is slow or non-existent on double carbon bonds, aromatic cores, quinionic and carboxylic structures as well as primary amines and urea.
The oxidizing properties and the radical nature of chlorine dioxide make it an excellent virucidal and bactericidal agent in a large pH range. The most probable explanation is that in the alkaline media the permeability of living cell walls to gaseous chlorine dioxide radicals seems to be increased allowing an easier access to vital molecules. The reaction of chlorine dioxide with vital amino acids is one of the dominant processes of its action on bacteria and viruses.
Chlorine dioxide is efficient against viruses, bacteria and protozoan clumps usually found in raw water. A rise in pH level further increase its action against f2 bacteriophages, amoebic clumps, polioviruses and anterovirus. It is efficient against Giardia and has an excellent biocide effect against Cryptosporidia which are resistant to chlorine and chloromines. It has been demonstrated that CLO2 has greater persistence than chlorine. In a recent report for dosages 3 times lower than those of chlorine at the station outlet, the residual of CLO2 used alone was always higher than that of Cl2 which also required 3 extra injections of chlorine in the distribution system.
The reduction of bad tastes and odor with CLO2 is the result of the elimination of algae and  on  the  negligible formation of organs-chlorinated derivatives. The latter formed under chlorination give  rise to very unpleasant odors.  By its action on dissolved organic materials, without the formation of organic halogen compounds, C102 limits problems of taste and color. In addition, the low dosages used in post disinfection are an advantage. When chlorine dioxide replaces chlorine in a system it may take up to 15 days for the benefits of the change to become apparent. Changes should be made gradually to avoid problems of a sudden release of slime into the system.
Markets & Applications
Chlorine dioxide has a wide range of applications including:
	Human Water Systems

	Treatment of Potable Water for Human Consumption
	Water Storage Systems Aboard Aircraft, Boats, RV’s,
and Off-Shore Oil Rigs

	Municipal Well Waters
	Swimming Pools & Spas

	Industrial water treatment
	Cooling and process water microbiological control

	Wastewater disinfection
	Cooling Towers

	Treatment of Ventilation Systems
	Mollusk control

	Odor control
	Iron and manganese removal

	Phenol oxidation
	Cyanide destructions

	Paper & pulp
	Influent Water Disinfection

	Backup on generator failures
	White water slimicide

	Iron control
	Bleaching of specialty papers

	Oil & gas
	Microbiological control of oil wells and bores

	Sulfide destruction
	Pipeline and tank cleaning

	TI-IM control
	Taste and odor control


	Agricultural

	Horticulture
	Disinfection of irrigation water

	Cleaning of irrigation systems
	Treatment of agricultural storage facilities

	Treatment of horticulture work area and benches
	Treatment of horticulture pots and plats

	Treatment of horticultures cutting tools
	Treatment of horticulture bulbs

	Treatment of greenhouse glass, walkways and under
benches
	Treatment of evaporative coolers

	Treatment of retention basins and ponds
	Treatment of decorative pools, fountains, and water
displays

	Vegetables & fruit washing/processing
	

	
	


	Aquaculture

	Live Fish Transport: Transport water, disease
treatment during holding
	Disease prevention treatment

	Fish larval rearing
	Prawn larval rearing

	Spraying in feeds
	Treatment of diseases

	Fishing boats wholesale/retail
	Dipping de-scaled and gutted fish

	Spray/dipping of fish and prawns
	Sorting/grading water for prawns

	Ice manufacture
	Disinfection of display cabinet


	Public Places

	Hospitals
	Microbiological control

	Lower risk of MRSA
	Cleaning

	Legionella prevention and control
	Hotels & Leisure centers

	Disinfection of water systems
	Biofilm removal in water system


	Food Processing

	Sanitizing food contact surfaces
	Sanitizing non-food contact surfaces

	Sanitizing food processing equipment
	Ice making plants and machinery

	Ice manufacturing
	Canning retort and pasteurizer cooling water

	Stainless steel transfer lines, hydrocoolers and
pasteurizer
	Washing fruit and vegetables

	Washing fish and seafood
	Washing meat, poultry, and processing equipment

	Extend shelf life and freshness of non-processed
fruits and vegetables
	Process water for canned and frozen packaging

	Control of bacteria growth and bio fooling
	Control of salmonella and legionella

	Disinfection lines, holding tanks and other equipment
	Disinfection of beverage and water systems and lines

	Reduction of ammonia nitrogen concentration in
recycled water
	Cleansing and rinsing of bottles

	CIP (Cleaning in Place)
	


	Livestock

	Treatment of drinking water
	Disinfection of animal confinement facilities

	Treatment of animal transport vehicles
	Deodorization of animal holding rooms, sick rooms and
work rooms

	Control of odor and slime forming bacteria in animal
confinement facilities
	Disinfections of poultry chiller water / carcass spray

	Treatment of egg room
	Treatment of hatching room

	Treatment of incubator room
	Treatment of tray washing room and loading platform

	Treatment of chick room, chick grading box and
sexing room
	Hand dip for poultry workers

	Shoe bath use
	


Frequently Asked Questions of Chlorine Dioxide
Has chlorine dioxide been used before?
Chlorine dioxide has been recognized as an effective biocide for decades and is used in a range of hygiene-related applications worldwide. Municipal water systems have used chlorine dioxide to treat drinking water for over 50 years.
Why couldn't I use chlorine dioxide before?
Prior to various chlorine dioxide delivery agent products, expensive mechanical  generators  or  relatively  impure "stabilized' solutions were the only ways to make chlorine dioxide. The expense of capital equipment  and the corrosiveness of the lower quality solutions prohibited the development of many horticultural applications.
Is chlorine dioxide safe?
The Niagara Falls New York water treatment plant first used chlorine dioxide for drinking water disinfection in 1944. Currently, there are approximately 400 — 500 water treatment plants in the United States and over 1000 in Europe utilizing CLO2 to purify municipal drinking water systems. Numerous studies have shown chlorine dioxide, when used at the appropriate concentrations, has no adverse health effects, either by skin contact or ingestion.
Is chlorine dioxide toxic?
Fifty years of worker experience has demonstrated that CLO2 is a safe compound when handled properly. World- wide, nearly 4.5 million pounds per day of chlorine dioxide are used in the production of pulp and paper. However,
as with any and all disinfectant chemicals, if handled improperly, or consumed internally or absorbed or subjected to prolonged exposure, 0102 can be toxic. However, it is also this toxicity that makes 0102 a good  water disinfectant agent.
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Is chlorine dioxide environmentally friendly and does it create harmful by-products? Chlorine dioxide is far more environmentally friendly than other oxidizing biocides and disinfectants including chlorine and bromine. Substituting chlorine dioxide for chlorine eliminates the formation of toxic halogenated disinfection by-products including trihalomethanes (TWO and other chlorinated compounds that are harmful to the environment. In fact, chlorine dioxide actually helps to remove substances that can form trihalomethanes. The disinfection is by oxidation as chlorine dioxide does not have either addition or substitution reactions associated with its chemistry.
What methods are used to detected chlorine dioxide?
Chlorine dioxide can be detected in several ways. Some of these methods such as DPD, Amperometric, and lodometric are standardized, widely accepted, and used.
Is Chlorine Dioxide expensive?
When compared to the cost of chlorine, the cost of CLO2 is lower comparing efficiency and high range disinfection. However, in those instances in which chlorine is not the preferred regulatory or environmental alternative, CLO2 is a very attractive alternative. The costs are also less than that of other alternatives like ozone which can also be used for water treatment.
Can Chlorine Dioxide be stored safely?
No because explosive gas in the air (10%). Globalex provide a safety solution to produce "just in time".
What legal provisions does chlorine dioxide carry?
Chlorine dioxide has a number of legal provisions by different states list in the follow table.
	Time
	State
	Approved Bureau
	Usage Range

	1992
	—
	WHO
	Drinking Water Disinfection

	1992
	—
	WHO
	Drinking Water Disinfection

	1985
	USA
	FDA
	Food Processing Equipment Sterilization

	1985
	EU
	European Commission
	Drinking Water Disinfection., food industry; medical. livestock husbandry, aquaculture, environment and public areas disinfection and
sterilization

	1987
	Germany
	—
	Drinking Water Disinfection

	1987
	UK
	Ministry of Health
	Drinking Water Disinfection., hospital, livestock aquaculture, environment
and public areas disinfection and sterilization

	1987
	USA
	EPA
	Food processing plants, breweries, restaurants, environmental disinfection; Hospitals, labs and non-empty rigid surface equipment
sterilization and removal mildew

	1989
	USA
	EPA
	Storage water disinfection: Livestock., disinfection and deodorizing

	1988
	Japan
	Ministry of Food
Health
	Drinking Water Disinfection

	1987
	Australia
	Ministry of Health
	No 926 food Additives, food Bleacher

	1987
	China
	Ministry of Health
	Food industry, medical, pharmaceutical, livestock husbandry,
aquaculture, environment and public areas disinfection and sterilization

	1996
	China
	Ministry of Health
	Food additives, fruits, and vegetables Preservation

	2002
	USA
	FDA
	Food processing equipment, pipe, crafts, and arts equipment, especially
in milk processing plant


	Time
	State
	Approved Bureau
	Usage Range

	2002
	USA
	FDA
	Food processing equipment, pipe, crafts, and arts equipment, especially in
milk processing plant

	2005
	China
	Ministry of Health
	Drinking Water Disinfection

	2011
	Brazil
	Ministry of Health
	Drinking Water Disinfection, Food industry., Storage water disinfection„
Livestock


Can chlorine dioxide be used in combination with other disinfectants?
Yes. Chlorine dioxide is often used in combination with chlorine in municipal drinking water plants in order to reduce the amount of trihalomethanes and HAAs that would be formed if chlorine were used alone. Chlorine dioxide is added as the primary disinfectant in order to remove a number of oxidizable compounds without forming chlorinated DBPs, while chlorine is added at low levels in order provide a residual biocide for use in the disinfection system.
Is chlorine dioxide different than chlorine?
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Yes. While chlorine dioxide has chlorine in its name, its chemistry is radically different from that of chlorine. Chlorine dioxide is not "chlorine in disguise". Both chlorine dioxide and chlorine are oxidizing agents. They are electron receivers. Chlorine has the capacity to take in two electrons, whereas chlorine dioxide can absorb five. This is why chlorine dioxide is far more effective than chlorine as a disinfectant. Environmentally, chlorine dioxide is friendlier to the environment than chlorine. Chlorine dioxide does not form toxin trihalomethanes (THIV1s) or other chlorinated compounds that are harmful to the environment and associated with chlorine, sodium hypochlorite and hypochlorous acid.
What the difference between chlorine dioxide with other disinfectants?
	Characters
	CIO
	Chlorhexidine
	Chlorine /
Hypochlorite
	Phenol
	Aldehyde
	NaOH
	Alcohol

	Resistance to
Organic
	Good
	Ordinary
	poor
	General
	good
	good
	General

	Activity in
Hard water
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes

	Affect High Temperature
	Result is best in
5-69 °C
	No
	Activity decreased
below 40°C
	Activity Increased
	Result is best in 26- 60°C
	No
	No

	Resistance to
Organic
	Good
	Ordinary
	poor
	General
	good
	good
	General

	Activity in
Hard water
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes

	Affect High Temperature
	Result is best in
5-69 °C
	No
	Activity decreased
below 40°C
	Activity Increased
	Result is best in 26- 60°C
	No
	No

	PH Range
	No effect
	A l k a l i n e
	Acidic
	Acidic
	No effect
	Alkaline
	No
effect

	Anion Soap
Compatibility
	No
	Yes
	No
	Yes
	Yes
	Yes
	Na

	Activity of
Residue
	No
	Yes
	No
	Yes
	No
	Yes
	Na

	Toxicity or
Discomfort
	No
	No
	Yes
	Yes
	Yes
	Yes
	Yes

	Damage to
Surface
	No
	No
	Yes
	No
	Yes
	Yes
	Na


	Characters
	CIO
	Chlorhexidine
	Chlorine /
Hypochlorite
	Phenol
	Aldehyde
	NaOH
	Alcohol

	Of the
Bacteria
	Mast
	Part
	Most
	Most
	Yes
	Mast
	Mast

	Kill the
Spores
	Yes
	Part
	Part
	No
	Yes
	Yes
	No

	Kill the
Viruses
	Yes
	No
	Part
	Part
	Yes
	Yes
	Part


How much is the Permissible Exposure Limit of chlorine dioxide?
The Occupational Safety and Health Administration (OSHA) has set safe exposure limits of 0.3 ppm (0.9 mg/m3) for 15 minutes and a time-weighted average of 0.1 ppm (0.3 mg/m3) for 8 hours of contact with chlorine dioxide gas.
What are advantages and disadvantages of chlorine dioxide?
Advantages:
· Effective against a wide variety of bacteria, yeasts, viruses, fungi, protozoa, spores, molds, mildews, Cryptosporidium, algae and is more potent than chlorine over a short contact time
· Destroys biofilms
· Effective over wide pH (3.5 to 11)
· Biodegradability in the environment
· Prevents trihalometha nes (THM's) and bromate formation
· Does not chlorinate organics
· Readily dissolves in water and does not react with ammonia
· Does not react with water to form free chlorine and hypochiorus acid
· Does not react with water to form free chlorine
· Is less corrosive than chlorine
· Selective oxidation reactions
· Cheaper than Ozone and more effective for odor, color, bad taste, phenols reduction, iron, and manganese reduction.
Disadvantages:
· Decomposes in sunlight
· Must be generated on-site
What is the difference between Clo2 Generators and Tablets?
Generators:
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The generators are efficient for spot treatment in water. First step treatment or 2n6 step. The CLO2 cannot stay  into the water and naturally the gas goes away quickly. The gas is produced by a reaction with 2 powders or with a liquid.
· The mix must be very sharp to have a good production gas. Also, the qualities of chemicals components are determinant to have a stable production. It is not always the case and the generators are operational for big volumes water treatment.
· Once the gas is produced it must insert without delay into the water to be treated. The modulation on production is not "Just in Time and  on demand". CL02 gas is explosive when it is in contact with air (10%)
Tablets:
· The tablets produce a sharp level of CL02 in small or big water volumes. They realize the gas in 3 minutes.
· The tablets do not require equipment or investment to produce the gas.
· The gas produced is made by chemical reaction and the
bubbles have only some micron diameter; also, it gives a resident factor. The gas can travel with the water and operate into the network or tanks. The disinfection is preserved from recontamination after treatment.
· The tablets do not use energy to produce gas and can be used in many places.
· The tablets can easily be transported, and the storage is possible for years.
· Easy to produce gas without risk. The operators are exposed because the gas is only realized into the water.
· The tablet is not inflammable and not dangerous to manipulate.
· Economic because gas resident many days (spend when in touch with needed)
· Only Globalex tablets produce CLO2 only.
Inorganic Reactions
1. For iodometric analysis 2CLO2 + 2L- → 2CLO2 + L2
2. Oxidation of iron
CLO2 + FeO + NaOH + H2O → Fe (OH)3+ NaCLO2
3. Oxidation of manganese
2CLO2 + MnSO4 + 4NaOH→ MnO2 + 2NaCLO2+ Na2SO4 + 2H20
4. Oxidation of sodium sulfide
2CLO2 + 2Na2S → 2NaCL + Na2SO4 + S
5. Oxidation of nitrogen oxide pollutant 2N0 + CLO2 + H2O → NO2 + HNO3+ HCL
6. Gas phase reaction with fluorine
F2 + 2CLO2 → 2FCLO2
7. In alkaline solution
2CLO2 + 20H- → CLO2- + CLO3- + H2O
8. Aluminum, magnesium, zinc & cadmium react with CLO2 M + xCLO2 → M(CLO2)x
9. Disproportionation of chlorite depends upon chlorides present,  pH,  and  ratio  of  ingredients 4CL O 2- + 4H + CL - + 2 CLO 2 + CLO 3- + 2 H + + H2O 5CL O2- + 4 H + → 4 CLO2 + CL- + 2 H20
10. With hydrogen peroxide as a reducing agent in commercial production of chlorite
2CLO2 + H202 + 2NaOH → 2NaCLO2 + 2H2O + 02
11. [image: image36.jpg]


A highly colored complex is formed when CLO2 is dissolved in an aqueous solution of barium chlorite CLO2 + CLO - → CL2O4
Organic Reactions
1. With organic compounds in water → aldehydes, carboxylic acids, ketones & quinones
2. With olefins → aldehydes, epoxides, chlorohydrins, dichloro-derivatives, and chloro-and unsaturated ketones.
3. With ethylenic double bonds → ketones, epoxides, alcohols
4. With benzene → no reaction
5. With toluene -→ Ch3, CH2CL, CH2OH
6. With anthracene 45o → anthraquinone, I, 4-dichioroanthracene
7. With phenanthrene → diphenic acid, 9-chlorophenanthrene
8. With 3, 4-benzopyrene → quinones, traces of chlorinated benzopyrene (no longer considered carcinogenic)
9. With carboxylic and sulfonic functions → no reaction
10. With aldehydes → carboxylic acids
11. With ketones → alcohols
12. With aliphatic amines primary → slow or no reacIon Secondary → slow or no reacIon
Tertiary → rupture of CN bond, no N-oxides formed
13. With triethylamine
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H20 + (C2H5)3N + 2CLO2 → (C2H5)2NH + 2CLO - + CH3CHO + 2H+
14. With phenol → P-benzoquinone, 2 chlorobenzoquinone
15. Excess CLO2 with phenol → maleic acid, oxalic acid
16. With thiophenols → sulfonic acids
17. With tocopherol → demethylated derivatives
18. With saturated acids → no reaction
19. With anhydrides → no reaction but catalyzes hydrolysis
20. With amino acids: glycine, leucine, serine, alanine, phenylalamire, valine, hydroxyproline, phenylaminoacetec, aspartic, glutamic acids → little, or no reaction
21. With amino acids containing sulfur → reactive
22. With methionine → sulfoxide → sulfone
23. With aromatic amino acids → reactive
24. With tyrosine → dopaquinone, dopachrome
25. With tryptophan → idoxyl, isatine, indigo red, trace chlorinated products
26. With thiamine → slow reaction
27. With keratin → hydrosoluble acids
28. With carbohydrates CHO and CH2OH → carboxylic functions
29. With vanillin pH4 → monomethyl ester, _-formylmuconic acid
30. With pectic acid → mucic acid, tartaric acid, galacturonic  acid
31. With chlorophyll and plant dyes → color removed.
32. With latex and vinyl enamels → delays polymerization
33. With napthaline → no reaction
34. With ethanol → no reaction
35. With biacetyl → acetic acid, carbon dioxide
36. With 2,3-butaneodiol → acetic acid, carbon dioxide
37. With cyclohexene → aldehydes, carboxylic acids, epoxides, alcohols, halides, dienes, ketones
38. With maleic acid → no reaction
39. With fumaric acid → no reaction
40. With crotonic acid → no reaction
41. With cyanides → oxidized
42. With nitrites → oxidized
43. With sulfides → oxidized
Hydrocarbons of longer chain length than C8 are the most oxydable by CLO2. The organic compounds most reactive with CLO2 are tertiary amines and phenols. Unsaturated fatty acids and their esters are generally oxidized at the double bond.
CLO2 Does NOT React With
Hippuric acid, cinnamic acid, betaine, creatine, alanine, phenylalanine, valine, leucine, asparaginic acid, asparagine, glutaminic acid, serine, hydroxyproline, taurine, aliphatically combined NH2 groups, amido  and imido groups, H0 groups in alcohols and HO acids, free or esterified CO2H groups in mono and polybasic acids,
nitrile groups, the CH2 groups in homologous series, ring systems such as C6H6, C10H8, cyclohexane, and the salts  of C5H5N, quinoline and piperidine.
Most aliphatic and aromatic hydrocarbons do not react with CLO2 under normal water treatment conditions, unless they contain specific reactive groups.
Alcohols are resistant at neutral pH, but under conditions of very low pH, high temperatures or high concentrations, alcohols can react to produce their corresponding aldehydes or carboxylic acids. CLO2- , chlorite, the reduction product of CLO2, although a less powerful oxidant, is used to react with many malodorous and highly toxic compounds such as unsaturated aldehydes, mercaptans, thioethers, hydrogen sulfide, cyanide, and nitrogen dioxide.
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Overview of Zoono® Microbe Shield Surface Protectant
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Zoono® is antimicrobial nanotechnology thatuses intelligentmolecules toreducepathogenloads actively and consistently on surfaces by using physics to kill germs instead of chemistry.
The Zoono® Z-71 Microbe Shield product is a revolutionary, highly effective water-based antimicrobial technology available in a surface sanitizer that continuously kills germs for up to 90 days.
This innovative, long-lasting antimicrobial permanently bonds to surfaces on which it is applied. The noncorrosive, non- toxic product lays down a bacteriostatic defensive layer that resembles millions of tiny “pins” that physically kill germs by puncturing them when they come in contact with the surface. Unlike traditional antimicrobials that only work while they are wet, Zoono® starts to work while it is wet but works best once it has dried, offering a continuous germ-killing barrier that protects surfaces and keeps germs from colonizing hundreds of times longer than typical disinfectant protocols and hygiene regimens. THE RESULT: An extraordinarily long-lasting, safe, effectively non-toxic product unmatched by others.
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The secret behind Zoono® is in the extending of an elevated high-hygiene interval. Currently, disinfectants and hand sanitizers only kill germs when they are wet. This by definition, means that they are only in an elevated state of hygiene for a few minutes and then, life intrudes and the process of contamination and recolonization resumes. With Zoono® on hands and surfaces, the interval is extended for 30 days on surfaces and up to 24 hours on hands. With the persistent efficacy Zoono® delivers, your personnel are continuously protected, translating into healthier employees, less absenteeism, quantitatively fewer pathogens on hands even with current hand hygiene compliance and ultimately, fewer healthcare-associated
infections. Combined with the application of the surface product, protected hands contact fewer surface-based pathogens resulting in a marked decrease in overall germ transmission. The implications of a Zoono® application protocol will have initial bottom line cost implications as this will be additive to your current practices and policies. Cleaning and disinfecting will still need to be carried out. Hands must still be washed, and staff should follow CDC guidelines for proper hand hygiene.
However, in time, the arsenal of products currently in use can be evaluated based on the more persistently hygienic conditions achieved with the use of Zoono® and intelligent decisions can be made to optimize the need and volume of use of traditional cleaning / disinfecting products. Ultimately, a more persistently hygienic environment means less need to repeat the application of disinfectants on surfaces, less labor is required to apply them and ultimately less deterioration of treated surfaces as they are not subjected to the frequency of exposure to caustic chemicals.
Benefits of Zoono® Microbe Shield Protectant Application
· Ensuring Consistently Hygienic Environment. By applying a protective layer of Zoono to your cleaning surfaces you are ensuring they stay cleaner, germ-free longer with no gaps in hygiene, reducing the probability that your employees will contract infection at work.
· Reducing Costs. The addition of Zoono® to your current cleaning / sanitizing protocols will enable you to measurably improve the state of hygiene of your facility. Once accomplished, you can optimize the mix of products and labor to apply them to reduce costs.
· Staff Health, Well-being and Absenteeism. Protect your most valuable asset and make sure their work environment reflects your commitment to them and their personal well-being.
How Does Zoono Work?
Zoono is a technology that comes from New Zealand and is a water-based formula that is not only safe to use (no harsh chemicals), it has the relative toxicity of Vitamin C.
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Zoono works differently; rather than poisoning or dehydrating germs, Zoono Microbe Shield lays down a protective barrier on surfaces that does not allow germs to grow. By treating surfaces in this way, those surfaces stay cleaner longer. In fact, treated surfaces can stay germ-free for up to 30 days with a single application. Zoono protects surfaces with a protective antimicrobial barrier that kills germs by puncturing them rather than dehydrating with alcohol, thus preventing their ability to develop resistance.
In and around homes and businesses there are an infinite number of germs.   Some make you sick, others  appear as    mold and mildew and others still as common as indoor odors. The Zoono Microbe Shield barrier deals equally on all  kinds of germs because it is not consumed in the process of killing the germs like many products. Better still, Zoono  keeps working hundreds of times longer than traditional mold or odor control products because it forms a protective barrier on surfaces where germs like to grow.
Do Disinfectants Need Zoono to be Effective?
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The Disinfection Rollercoaster: Current disinfection protocols used today are limited by the technology they employ. If you assume that the labor to clean was done precisely as intended and no short cuts were taken, the disinfectant product is really only effective while it is still wet. After the disinfectant dries its efficacy is done as well. This means that the disinfectant is only useful for the few minutes before it dries. The cycle of contamination begins again only to be interrupted by the next disinfectant application.
Figure 1 shows that there are gaps of exposure between disinfectant applications
During cleaning is when we enjoy the highest levels of disinfections.  However,  cleaning does  not completely ensure  that a surface is disinfected. Cleaning and disinfecting are two completely different things. A surface or area may look clean, however, that does not always mean that it is disinfected.
In between disinfectant applications, microbial growth increases, and the risk of infections quickly increases during the cleaning/disinfection intervals. Current cleaning/disinfection protocols do not allow for  a  minimization  of  contamination during these intervals. With current practices the only way to lessen microbial contamination is more frequent application of disinfectant. This solution is impractical and costly and only improves overall hygiene temporarily.
Antimicrobial Nanotechnology Provides a Quantitatively-Superior Solution: The best solution for the disinfection rollercoaster is to utilize a technology that offers consistent effectiveness. Employing molecular technology to coat and protect surfaces from re-contamination can provide extended periods of protection between disinfection intervals with a Higher Performance Bonded Quaternary Ammonium Compound (“HPBQAC”). This newly available and field-tested technology solution re-purposes the well-understood “quat” molecules with an aggressive bonding capability which, potentially attached to an incredibly broad spectrum of substrates, provides a protective “barrier” that inhibits the colonization of micro-organisms between disinfection events.
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The HPBQAC is a water-based, non-toxic, and long-lasting anti-microbial technology-based solution that forms a  bacteriostatic  barrier  on surfaces to which it is applied, providing long-lasting defense against a broad spectrum of microbes.
This Antimicrobial Nanotechnology is completely different form other products available today because no other antimicrobial nanotechnology provides the same consistent effectiveness against a wide range of pathogens while being non-toxic, non-corrosive, and water based with proven effectiveness for up to 30 days.
This product was originally developed for medical facilities to be used in addition to their best practices for disinfection. This product enables facilities to maintain cleaning protocols already familiar to them but
with the added benefit of a protective barrier that will keep surfaces “cleaner longer”.
The best and  longest lasting results found when using the Zoono  Microbe Shield Protectant was when  it was applied to  a clean, dry surface. When applied to a clean dry surface the product can amplify and maintain the germ-free condition achieved immediately after cleaning for an extended period of time. This is achievable as the Microbe Shield Protectant does not allow for the re-colonization of germs on cleaned and protected surfaces.
The Zoono Microbe Shield Protectant is a ready-to-use product that is water-based and requires no mixing. It has a very-low toxicity (less toxic than Vitamin C) and will not damage surfaces that it is applied to. The “human error” in using this product is removed due to the fact that this product is ready-to-use and does not need to be mixed with other solutions or water.
Zoono Microbe Shield Protectant Test Results
Test and Evaluation Lead the Way: It is well-recognized in both governmental and commercial arenas that “test and evaluation” results are paramount in determining the efficacy and effectiveness of a proposed solution. Described below are actual studies that elucidate how this effective HPBQAC solution fared in real-world environments.
Hospital Study
Background: In the summer of 2015, in recognition of the persistent and growing challenge presented by Healthcare Associated Infections (HAI’s) that plagued the healthcare industry, a major New Jersey Hospital undertook the challenge of quantifying the impact of a novel antimicrobial technology.
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8 HOUR TEST (CFU): For the CFU 8 Hour Test (8 hours
between application of Microbe Shicld and testing), the
average CFU count reduction in pathogens across the test
areas was 59.82%. By comparison, the average

for the test areas within the control rooms over the same
iod, increased by 45.30%. This is a statistically
significant variance. FIG. 3a

7 DAY TEST (CFUY: For the CFU Duration test (7 days
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areas within the control rooms over the same period increased
by 593.95%. This is a statistically significant variance. FIG. 3b



Methods: This study was performed within the (non-surgical) Intensive Care Unit (“ICU”). Several locations within the ICU were benchmarked before treatment, and then re-evaluated at 8-hour / 7-day intervals across a total of 10 weeks. Samples were cultured for total bacteria CFU (“Colony Forming Units”) and compared with non-treated, control locations.  The  product was applied both  by trigger spray and via fogger and was used in addition to existing hospital  and ICU disinfection protocols.  This test was conducted with a high  degree  of clinical rigor, tracking chain-of-custody of all data with independent, third-party lab recording and evaluation of results. See Figures below:
Study Conclusions: The solution assessed in this study was found to have demonstrated statistically significant efficacy and persistence across the 10-week period of the study in reducing the total number of pathogens (TPC) on surfaces within the ICU.
Airport Study – Major International Airport in Texas
Challenge: This particular airport had long recognized the high volumes of traffic through their facility and, in particular, the impact of that volume of people on the conditions in their restrooms. Odor was also a persistent reminder of the adverse environmental conditions. Their best efforts to clean and sanitize were felt to be insufficient to adequately handle the volume of use and they were in search of new practical solutions.
Purpose of Test: The rationale of airport officials was to execute a test vs. controlled environment using ATP (Adenosine triphosphate is a common building block in all forms of life and is used as a standard measure of environmental hygiene) to measure the ability of HPBQAC to preserve the hygienic state of restroom surfaces under normal-use conditions. If the HPBQAC technology in the restroom test environment (which is deemed to be one of the most challenging) could deliver a meaningfully quantitative benefit, as compared to current sanitation best practices, the facility would consider the use of this technology on a large-scale basis for the benefit of their customers and staff. See Figure below:
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protocols exhibited an initial decrease in bio-load, but then a more normal course of contamination followed.
Much of the decrease in contamination is attributed to the Hawthorne Effect (the alteration of behavior by the
subjects of a study due to their awareness of being observed). Cleaning crews saw management engaged in this
testing and they altered their behavior for the ensuing week. However, as the housekeeping staff was less aware of
being observed, normal practices resumed, and contamination levels returned to more normal representative

levels.




Overall Summary: The performance of HPBQAC in these studies showed that not only would the addition of the HPBQAC improves the overall level of sanitation in treated areas, this compound shows that bio-loads are reduced, with evidence supporting continued mitigation of contamination over time, improving the overall sustained hygienic state of treated environments.
There are three (3) primary benefits to the application of a technology like an HPBQAC:
1. Ensuring Consistently Hygienic Environment.  “Protect the clean” – By applying a protective layer on one’s  clean surfaces, you are ensuring they stay cleaner, germ-free longer with no gaps in hygiene (typical cleaning   and disinfection delivers a periodic decrease in pathogen load that decays exponentially until the next cleaning interval.)
With an HPBQAC, surfaces are protected following one’s best-practice cleaning interval, as well as stay protected form germs for up to 30 days. What is more, with each successive application, one’s pathogen loads will continually decrease and be persistently mitigated, creating a sustained hygienic environment that is better for both patients and staff.
2. Reducing Costs. Reducing costs is only viable if you can maintain or improve the end result. So how can adding an additional step reduce costs? The persistent efficacy of an HPBQAC cuts down on re-application labor and product costs. If surfaces stay in a higher state of hygiene longer, less disinfectant is required and the associated labor to apply is reduced.
How much cost and labor might there be if you attempted to  deliver a consistently clean result for 30 days with   a typical product, when you consider that they only are effective while they are wet (~10 minutes)? Let us perform the math:
· If a traditional disinfectant only is effective for 10 minutes while it is wet, how many more times does  one have to apply it before it compares to a single application of HPBQAC, if the HPBQAC controls germs for up to 30 days consistently?
· Even if a single application of a typical disinfectant killed germs consistently and worked for 24 hours (which they do not!) and a single application of an HPBQAC lasted for 30 days, the HPBQAC is 30 times more effective – and that does NOT include the labor to apply the product.
· Takeaway: Traditional disinfectants cannot provide the persistent efficacy that an HPBQAC does by providing its antimicrobial nanotechnology barrier.
So, not only is it impractical to apply other products with the incremental frequency required to deliver a more consistent clean state, it quickly becomes cost-inefficient. Plus, there is no comparison when you look at the benefit of persistently hygienic surfaces. No other tech-based solution can deliver this kind of assurance and protection from the impact of germs. An HPBQAC delivers a superior result with a single application than virtually all competitive products do even with multiple repeated applications – while saving on costs and labor. See References 1-4 for more information about disinfection technologies.
3. Staff Health, Well-Being  and  Absenteeism: What is the cost of absenteeism? What is the impact to  your  cost   of healthcare? What is the burden of employees’ absence on the remaining healthy employees? Using  an HPBQAC on surfaces mitigates germ transmission, protecting your most valuable asset: personnel.
We undertook to explain in simple language how all disinfection is not created equally. Take time to understand, in a systematic way, with robust T and E, how any why a certain solution may be preferred over others.
References:
1. Gasch, A., ed., “Hospitals Warring With Microbes Have a Powerful New Weapon!”, Medical Strategic Planning, Inc., 2018. See: https://www.medsp.com/publications.html
2. Poster Session (University of Arizona), “Estimating the effect of a unique hand sanitizer on norovirus infection risk” – at The 6th Food and Environmental Virology conference (FEV), October 7-10, 2018.
3. Escudero-Abarca, B., Goulter, R. and Jaykus, L (Department of Food, Bioprocessing, and Nutritional Sciences, North Carolina State University), “Evaluation of a hand sanitizer having evidence of residual activity against human norovirus” See: https://iafp.confex.com/iafp/2018/meetingapp.cgi/Paper/17992
4. University of Arizona, “Comparative norovirus infection risk reductions for a residual and non-residual hand sanitizer”, Am J Infect Control. 2019 Oct 29. See: https://www.sciencedirect.com/science/article/abs/pii/S0196655319308466
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Zoono Tests Successfully Against Coronavirus COVID-19
Zoono Group Limited (ASX: ZNO) is pleased to advise that it has today received the report for  the laboratory tests undertaken against COVID-19. The results show that Zoono's Z-71 Microbe Shield (the same Zoono t echno logyused in Zoono hand sanitiser) is> 99.99% effect ive against COV OID-19.
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COVID-19 has become a global concern, in particular as it has been shown to survive on surfaces for up to 9 days. Zoono products have been successfully tested against a variety of pathogens for up to 30 days on surfaces and 24 hours on hands.
Whilst Zoono had been previously tested against bovine coronavirus (the nominated surrogate for MERS), this lat est strain required new testing.
Two separate tests were completed to EN Standard 14476:20 13+A2:2019. The first was against Vaccinia; sometimes referred to as the 'mother ship' of double enve loped viruses (that are particularly hard to inactivate), with the subsequent test against the nominated (and globally accepted) surrogate for COVID- 19; feline coronavirus.
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EN14476 is the European Standard that applies to products wit hin the medical area including hygienic hand rubs, hygienic hand wash, instrument disinfection by immersion, surface disinfection by wiping, spraying, flooding or other means .
RESULTS:
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The test against Vaccinia confirmed efficacy of > 4Log (greater than 99.99% efficacy) for Zoono Z-71 Microbe Shield (the same Zoono technology used in Zoono Hand Sanitiser).
The second test against the COVID -19 surrogate, feline coronav iru s, conf irmed efficacy at 4.33Log (greater than 99.99% eff icacy).
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The members of the family Coronaviridae are envelop ed and have positive sense RNA genome. Coronaviruses have a distinct morphology with an outer 'corona' of embedded envelope spikes. These viruses cause a broad spectrum of animal and human disease and are particularly difficult to inactivate.
Zoono is very pleased with the result s which further demonstrates the ability of the Zoono technology to be part of the solut ion to prevent and protect against the spread of the COVID-19 Virus .
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Frequently Asked Questions of Zoono®
What is the chemical reaction that takes place with Zoono® to kill germs?
Zoono® does not use chemistry to kill germs – it uses physics. Zoono® permanently bonds to surfaces and sets up a nano- molecular layer of pins which create a hostile barrier to germs that physically impale and destroy germs that come in contact with the Zoono® layer. This method of action is why Zoono® can keep working for up to 30 days on surfaces.
How does Zoono® work?
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Zoono® is a totally unique antimicrobial product. Zoono® does not kill bacteria by poisoning. Instead, it creates a hostile barrier that resembles a “bed of nails” that punctures and kills microbes when they come in contact with it. This means that there is no possibility of bacteria building up an immunity (i.e., no super-bugs).
Zoono® kills mechanically. When Zoono® is applied (and allowed to dry), it leaves a thin bonded film that, at the nano level, resembles millions of sword-shaped road spikes – spikes that attract and kill bacteria. Because Zoono® does not change during this process, one single application can last for a month or more (depending on the surface and the application).
What types of microorganisms does Zoono® protect against?
Zoono® has been proven to provide long-lasting antimicrobial protection against a wide range of microorganisms, including bacteria (e.g., MRSA, VRE, salmonella, E. coli, listeria), viruses (e.g., norovirus, swine flu, influenza, herpes simplex type 1), fungi and mold. For a full list, please see our Safety & Effectiveness page.
Are chemical-based disinfectants more effective than Zoono®?
The majority of hand sanitizers on the market today claim they kill 99.99% of germs. While this is true, alcohol-based, or other “poison-based” disinfectants are only effective while they are wet, which means they are effective for only a few minutes before re-infection begins again. Zoono® kills 99.99% of germs but offers continuing efficacy for up to 30 days on surfaces and 24 hours on hands. On skin, this means you can apply Zoono® once and you are protected all day long. To get similar efficacy from other products, you would need to apply them every few minutes which is not only impractical and costly but hazardous to your long-term health. On surfaces, most household disinfectants require you to leave the disinfectant on the surface for 10 minutes or more to “disinfect” or kill all the germs on the surface. Sadly, once these products are dry, germ build-up resumes. This is not so with Zoono®. Once Zoono® is applied and allowed to dry, that is when it starts working and continues to continuously protect for up to 30 days. We believe that makes Zoono® a more effective disinfectant.
How safe is Zoono®?
Zoono® has a similar toxicity rating to Vitamin C.
Is Zoono® harmful to the environment?
It is environmentally friendly. It is made from raw organic compounds. Zoono® does not leach (i.e., seep off its host), so there is no harm to drains or waterways if Zoono® enters the system. In fact, Zoono® helps with the water treatment process by killing molds, funguses, algae, and pathogens it comes in contact with.
Does Zoono® require any preparation before use?
Clean debris surfaces, then apply Zoono®. All products are ready for application and do not require mixing or diluting. For best results, apply either as a spray and wipe or via a fogging (misting) application. Depending on the amount applied, Zoono® dries in a matter of minutes.
Will people notice Zoono® on my skin or clothing?
Zoono® is an invisible antimicrobial barrier that is virtually odorless and colorless and will not stain fabric. This means that there are no unpleasant smells, stains or streaks on your skin or clothes.
Is Zoono® “Food Safe”?
Zoono® has been rated “Food Safe” around the world. Because there is no leaching (once dried, there is no transfer from surface to surface), Zoono® is not only food safe but safe for use in food prep environments. Zoono® USA is currently pursuing this registration in the U.S.
Does Zoono® Maintain its efficacy and stability in humid and hot climates?
Yes. Zoono’s® efficacy and stability are maintained when used in humid climates. There is no lessening of the pathogenic activity of the Zoono® treated surfaces with increasing temperatures.
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Microbe Shield Protectant Application


Zoono Microbe Shield Protectant will be applied to all the surfaces


within the treatment area. This hostile barrier acts as a bed of nails that punctures microbes that land on the surface and provide up to 30 days of protection on high-touch surfaces.
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Systems will perform weekly domized monitoring of the





treatment area for the first 30-day period after treatment. This monitoring will verify that the Microbe Shield Protectant is still effective. Any areas found to not have acceptable results will receive a re-application of germicidal cleaner and Microbe Shield Protectant.
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Hazardous Assessment & Service Plan Development


An onsite evaluation will be completed in allowable circumstances. The purpose of this step is to assess potential


areas of caution and develop a site-specific service plan to provide the most effective


implementation of the full-service Disinfectant and Microbe Shield Protectant Application Protocol.


Completion of Baselin ATP Testing


Random testing of areas within the facility to be serviced will be tested with an ATP meter to


determine and assess levels of contamination and biofilms present in the environment.





Application of Germicidal Disinfectant


Professional Restoration Systems will apply an EPA Registered non-toxic, pet and child friendly germicidal cleaner to all surfaces


within the treatment area. Additionally, all touchpoints will receive a hand cleaning to ensure effective application. The product used during this process


is the same product used in the treatment of drinking water.





Post Disinfection Application ATP Testing


Professional Restoration Systems will perform ATP testing to assess the


effectiveness of the cleaning / disinfectant treatment performed to verify that we reached the proper level of cleanliness which is based off of food service standards (goals of surfaces considered safe enough to eat off of).
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