PETITION FOR THE ANNOTATION OF
CHLORINE MATERIALS AS PER 7 CFR 205. 600606 TO INCLUDE HYPOCHLOROUS ACID AS
PRODUCED BY THE ELECTROCHEMICAL
ACTIVATION OF SODIUM CHLORIDE AND
WATER.
Submitted by Botanical Food Company Pty Ltd
Certified Operator number 0538
5/29/2015,

This petition has been initiated as a result of Policy Memo 14-13

Contact: jane.parker@gourmetgarden.com

On June 9th 2014 The Organic Insider published a Memorandum dated June 9th 2014 on
Electrolysed Water (PM 14-3)
From: Miles V. McEvoy, Deputy Administrator
Subject: Electrolysed Water
Date: Approved on June 9, 2014
The NOP is aware that some certifiers and material evaluation programs have approved the use
of Electrolysed water based on an incorrect interpretation of the allowance for chlorine
materials on the National List of Allowed and Prohibited Substances at 7 CFR §§ 205.600-606.
The following chlorine materials are included on the National List:
• Calcium hypochlorite, §§ 205.601(a) (2) (i), 205.603(a)7)(i), and 205.605(b);
• Chlorine dioxide, §§ 205.601(a) (2) (ii), 205.603(a)7)(ii), and 205.605(b);
• Sodium hypochlorite, §§ 205.601(a) (2)(iii), 205.603(a)(7)(iii), and 205.605(b); and
• Acidified Sodium chlorite, § 205.605(b).
Electrolysed water contains the active ingredient Hypochlorous acid (HOCl) and is generated
from the electrolysis of salt (Sodium chloride) in water.
Hypochlorous acid is a synthetic substance that is not included on the National List.

As Botanical Food Company Pty Ltd (BFC) uses the Anolyte portion of Electrolyzed Water
extensively in its food processing business, it contacted USDA NOP re this issue and
received the response below (26/06/2014)
Thank you for contacting the USDA National Organic Program.
As you noted, NOP recently issued a policy memo on electrolyzed water (PM 14-3). This policy memo is
intended to resolve a difference in interpretation among accredited certifying agents concerning the review of
this substance under the current USDA organic regulations.
For further consideration of this substance, we encourage you to submit a petition for electrolyzed water
according to the current National List petition guidelines published in the Federal Register.
Sincerely, Lisa M. Brines, Ph.D., National List Manager, Standards Division, National Organic Program, USDA
Agricultural Marketing Service

Accordingly a petition has been prepared.

This petition does not contain any Confidential Business Information

This petition is supported by the following Certified Operators (appendices 9-13):
J&C Fairley Aq610032
Goos Family Holdings Pty ltd Aq610031
F&IM&RJ&JF Mastroieni Aq610031
PK Farming Pty Ltd Aq610033
JT&PG Sullivan Aq610053
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PREAMBLE
The equipment used in the manufacture of Electrolysed Water, as used by BFC, (Envirolyte
Technology) produces two substances from the process of Electrochemical Activation –
Anolyte at the anode and Catholyte at the cathode.
This petition will deal with the Anolyte portion of Electrolysed Water only as the main active
ingredient in the Catholyte substance (Produced at the Cathode) is (Sodium) Hydroxide,
which is classed as a synthetic product under National List 205.605 b) Synthetics Allowed.
The main active ingredient in ANOLYTE is Hypochlorous acid:
As declared under PM 14-3, both Calcium and Sodium hypochlorite are approved synthetics.
(Calcium hypochlorite, §§ 205.601(a)(2)(i), 205.603(a)(7)(i), and 205.605(b); Sodium
hypochlorite, §§ 205.601(a)(2)(iii), 205.603(a)(7)(iii), and 205.605(b);)
Their main Active Ingredient, in their dilute aqueous solution form (note both are always
used as such) is Hypochlorous acid, the same as the Anolyte component of Electrolysed
Water.
Furthermore, Hypochlorous acid cannot exist without its Hypochlorite ion which is present in
all three products and the only differences between Sodium and Calcium hypochlorite and
Anolyte, is the pH at which they are made/maintained, and the method by which they are
produced. The pH of the Anolyte is made according to operator requirement, and is generally
classified as Acidic or Neutral Anolyte.
To further explain the chemical similarity between these substances there needs to be an
understanding/comparison of their science and their manufacture
Calcium Hypochlorite (Ca (OCl)2) Manufacture
The synthesis of Ca(OCl)2 can be achieved via several methods (Sosis,2008); the most
common method involves the chlorination of Calcium Hydroxide (Ca(OH)2) in the presence
of Sodium Hydroxide (NaOH) to yield Calcium Hypochlorite (Ca(OCl)2), Salt (NaCl) and
Water (H2O) by the following reaction:
Ca(OH)2 + 2NaOH + 2Cl2  Ca(OCl)2 + 2 NaCl + H2O
The following schematic shows the process of continuous production of Ca(OCl)2 from impure
Lime (Ca(OH)2) by the following reaction:
5Ca(OH)2 + 2Cl2  Ca(OCl)2.2Ca(OH)2 + CaCl2.2Ca(OH)2.2H2O
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Figure 1

Sodium Hypochlorite (NaOCl) Manufacture
Sodium hypochlorite can be produced via a number of synthetic pathways, two common
pathways include:
Firstly dissolving salt in softened water, which results in a concentrated brine solution. The
solution is Electrolysed, separating the NaCl and water species by a potential difference over
the anode and cathode. Migration of these species forms a Sodium hypochlorite solution in
water as illustrated below (CDB engineering). Using this method a solution can contain up to
150 g active chlorine (Cl2) per litre. A by-product of electrolysis of concentrated NaCl
solutions is hydrogen gas.
The electrochemical reactions involved are as follows:
Anode producing free chlorine
2 (Na+ Cl-)  2 Na+ + Cl2 + 2 eCathode producing Hydrogen:
2 H2O + 2 e-  2 -OH + H2
Sodium Hypochlorite ions produced by -OH migrate from cathode and react closed to the
anode as:
2 NaOH + Cl2  NaOCl + NaCl + H2O
All the above gives the overall reaction in water:
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NaCl + H2O  NaOCl + H2
The second method is most similar to the production of Calcium Hypochlorite whereby
chlorine gas (Cl2) is exothermically absorbed by Sodium hydroxide (NaOH) producing
Sodium hypochlorite, water (H2O) and salt (NaCl) according to the following reaction:
Cl2 + 2NaOH  NaOCl + NaCl + H2O
Figure 2

Excess Sodium hydroxide (strong base) is used to maintain a desired pH to prevent break
down (<9.5).
Electrolysed Water
Electrolysed water is generated by passing an electric current through a dilute (0.5 – 5%)
saline solution (NaCl + H2O).
Both the water and salt dissociate into their constitute species and re-combine on the anode or
cathode into the compounds as shown below.
Two solutions are produced by a typical Electrolysed water unit, Anolyte and Catholyte. Due
to improved technology these are now separated in the final solution.
Hypochlorous Acid (HOCl) is the dominant active component in Anolyte and is used as a
sanitiser, antimicrobial and sporicidal agent. It is chemically the same as a dilute NaOCl
solution (5-50 ppm, pH 6.8) (Fukuzaki 2006).
The process is similar to that described by CDB Engineering to produce NaOCl.
BFC, and its supporting growers, in their processes, use Anolyte in pH range of 6-7.5 (Neutral
Anolyte). This is produced on site using the Envirolyte system.
To summarise, Electrochemical Activation of a water/Sodium chloride solution produces
Catholyte (already on the National List as an approved synthetic ((Sodium) Hydroxide) and
Anolyte, with its main Active Ingredient being the same as the dilute form of two Chlorine
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Materials already on the National List as an Approved Synthetics (Calcium and Sodium
hypochlorite). Note: both Calcium and Sodium hypochlorite are always used in dilute form.
PM 14-3 has stated that Hypochlorous acid, the main active ingredient in Anolyte, Calcium
and Sodium hypochlorite, is a synthetic substance that is not included on the National List.
Furthermore Hypochlorous acid never exists as a substance in its pure form, due to rapid
equilibrium with its precursor, therefore must always be in equilibrium with its hypochlorite
ion.
From the technical information above, Hypochlorous acid, as produced by the
electrochemical activation of a water/Sodium chloride solution, should be included alongside
Sodium and Calcium hypochlorite as an approved Chlorine material.
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A.1

Is the substance to be included on the National List

Yes – within 2 categories:
1. Synthetic substances allowed for use in organic crop production, § 205.601
2. Non-agricultural (non-organic) substances allowed in or on processed products labelled as
‘‘organic’’ or ‘‘made with organic (specified ingredients),’’ § 205.605.
B.1

The substances chemical or material common name.

The substance being petitioned is Hypochlorous acid (HOCl) as generated by the electrolysis
of salt (NaCl) in water.
B.2
The manufacturer or producer’s name, address, telephone number, and other
contact information on the manufacturer/producer of the substance listed in the petition.
The substance is produced on site by:
Botanical Food Company Pty Ltd
80 Palmwoods-Montville Rd
Palmwoods, 4555, Australia
T: 61 7 5453 2500
www.gourmetgarden.com
The technology particular to this application is called Envirolyte and obtained from
Envirolyte Industries International Ltd, Tallin, Estonia.
The Australian distributor is
Envirolyte Australia
T: 61 7 3807 8566
F: 61 7 3804 7311
Email: keith@waterculture.com.au
www.envirolyteasiapacific.com

B3. The intended or current use of the substance.
It is essential to minimise Microbial Food Safety Hazards for Fresh Produce. Botanical Food
Company Pty Ltd.’s range of Gourmet Garden Herbs and Spices depends on its raw
ingredients meeting the strictest food standards re microbial contamination.
Prevention of contamination is preferred over corrective actions once contamination has
occurred.
As Anolyte has the same active ingredients as dilute Sodium hypochlorite which is already
approved on the National List under Synthetics allowed Sodium hypochlorite, §§
205.601(a)(2)(iii), 205.603(a)(7)(iii), and 205.605(b), namely Hypochlorous acid and
Hypochlorite Ion it will be used in similar situations. Although this applicant’s requirement is
for herbs and spices there are several other industry applications e.g. leafy vegetables
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For BFC it is required for two main applications:
1. On Farm
a. As a post-harvest sanitiser for raw herb and spice material <60 ppm
b. As an equipment and cold room sanitiser <200 ppm
2. In Processing plant
a. As a post-harvest, pre-process sanitiser for herbs and spices <200 ppm
b. As a microbial rinse for herbs and spices <60ppm
c. As an equipment and room sanitiser <200 ppm

B4. A list of the crop or handling activities which the substance will be used for, including
mode of action.
Anolyte will be used as a post-harvest, pre-process sanitiser/rinse for herbs and spices
including, but not limited to, basil/cilantro/parsley/chilli pepper/garlic and ginger and as an
equipment and room sanitiser.
Its primary functions are as an anti-microbial, sporicidal and bactericidal agent.
In biological systems, characterized by pH values in the range of 6-8, the most abundant
active chemical species in Anolyte is Hypochlorous Acid (HOCl), always in equilibrium with
its Hypochlorite anion(-OCl). It is pH which determines the equilibrium ratio of HOCl and OCl, and therefore it is the pH of the solution that determines the efficacy of the solution, as
per Diagram 1 below. BFC uses Anolyte in the pH range of 6-7.5, where the Hypochlorous
Acid is most effective for its required use. The equilibrium chart (Figure 3) is representative
of Anolyte, Sodium hypochlorite and Calcium hypochlorite.

Botanical Food Company Pty Ltd T: +61 7 54532500, M: +61 417 700 706
jane.parker@gourmetgarden.com

Figure 3

Both HOCl and -OCl can have a sanitation effect, however HOCl is most favoured at pH <
7.5 where it can more readily cross the cell wall/membrane as per below. Thus HOCl, as it
presents itself in Anolyte, while having a more effective rapid sanitisation effect, is also
susceptible to rapid break down. For this reason Commercial chlorines/bleaches (Sodium &
Calcium hypochlorite) are kept at a pH of 9.5 to shift the equilibrium away from HOCl to –
OCl.
Sodium Hypochlorite, as stated in NOP 5026, July 22, 2011, is measured by the sum of the
concentrate of Hypochlorous acid and Hypochlorite ion. This same measurement is used for
Anolyte.
Mode of Action of Hypochlorous Acid (HOCl) (–OCl) Figure 5 shows both the mode of
action of HOCl and how it functions in relation to –OCl.
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Figure 5

B5. The source of the substance and a detailed description of its manufacturing process
from basic components to the final product.
Electrolysed Water is produced on site at BFC processing plant using Envirolyte (or similar)
technology which generates, via the action of passing an electric current through a dilute 3%
saline solution (NaCl + H2O), the substances Anolyte and Catholyte. This process mimics the
naturally occurring phenomenon of lightning striking sea water and no synthetic compounding
of chemical elements occurs in the manufacture of this Electrolysed water. (Appendix 6)
Both the water and salt dissociate into their constitute species and re-combine on the anode or
cathode into the compounds as shown below. Two solutions are produced by a typical
Electrolysed water unit, Anolyte and Catholyte. Hypochlorous Acid (HOCl) is the dominant
active component in the Anolyte portion of Electrolysed water and is used as a sanitising,
antimicrobial, sporicidal and bactericidal agent and is chemically the same as a dilute NaOCl
solution (5-50 ppm, pH 6.8) (Fukuzaki 2006).
An ion permeable membrane allows Electrolysed water to be produced at a range of pH values
allowing the operator to control the HOCl:-OCl ratio depending on the needs of the agent.
(Nisola 2011) (Figure 6)
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Figure 6

B6. A summary of any available previous reviews by State or private certification programs
or other organisations of the petitioned substance
The Technology has previously been reviewed for certified organic use in Australia by
Australian Certified Organic Pty Ltd. (Appendix 6)
Oxcide® (Appendix 5) was on the OMRI list as approved for use (It has now been removed)
Several other reviews have taken place and can be found in the attached Bibliography.
(Appendix 8)
B7. Information regarding the EPA, FDA and state and regulatory authority registrations
including registration numbers.
Electrolysed Water, although produced via a different mechanism, has the same mode of
action as Sodium and Calcium Hypochlorite.
Approvals for use are as follows:







FDA approved under 21 CFR 173.315 for direct contact with processed foods.
FDA approved for several indirect food contact applications under 21 CFR 172.892, 21
CFR 175.105,
FDA decision #692 allows for vegetable & fruit produce washing using Electrolyzed
Water.
FDA approved for several indirect food contact applications under 21 CFR 176.170 &
21 CFR 177.2800.
Is an FDA approved sanitizer that meets 21 CFR 178.1010?
FDA approved under 21 CFR 7120.1 for spray and water treatment for processing of
beef, poultry & pork.

Botanical Food Company Pty Ltd T: +61 7 54532500, M: +61 417 700 706
jane.parker@gourmetgarden.com











Exempt by the EPA under 40 CFR 180.1054 for washing raw foods that are to be
consumed without processing.
Exempt by the EPA under 40 CFR 180.940 provided that the Electrolyzed Water is
applied on a semi-permanent or permanent food-contact surface with adequate
draining before contact with food.
May be applied to food-contact surfaces in public eating places, dairy processing
equipment, food-processing equipment and utensils.
FDA approval letter (Appendix 7)
Hypochlorous Acid had EPA approval as an antimicrobial
The Envirolyte technology has NFS/ANSI 61 approval (certificates
CO209302/CO209303) for American National Standards Institute and the Standards
Council of Canada. (Appendices 9/10)
ProduceFresh as manufactured by the Sterilox system (an alternative system to
Envirolyte) has had a recent Enviromental Assessment done and is approved for use in
retail in whole and cut fruit and vegetables, with no potable rinse, if free chlorine level
is not more than 60ppm (FCN 1470)

The Electrolysed water production device does not have to be EPA registered:
On-site generators of surface sanitizers/disinfectants, such as chlorine dioxide, ozone,
Hypochlorous acid (HOCl), generated by processes known as Electrolysed water, electro
chemically activated water, electro activated water, etc.), are currently classified by EPA as
devices (pesticidal). EPA does not currently require the registration of pesticidal devices;
however, devices are not exempt from other pesticide requirements under FIFRA particularly
with regards to labelling as defined in the Code of Federal Regulations (CFR) 40 CFR
156.10.
The final report of the Sanitizer Committee (2008-2010) charged to work with the FDA, EPA
and other stakeholders to develop appropriate language for the Food Code addressing on-site
generation of pesticides (including sanitizers and microbial solutions but excluding
agricultural pesticides) in food establishments and report back to the 2010 CFP Council III.
Re on-site generated HOCl/NaOCl, stated: are being used industrially for water treatment,
bleaching, waste water recovery, and poultry washing. HOCl/NaOCl are also been used for
laundry applications. Additionally, on-site generated HOCl/NaOCl are used as high level
disinfectants to decontaminate medical devices such as heat flexible endoscopes. On-site
generators are used in dental applications to decontaminate dental unit waterlines,
sanitize/disinfect dental office surfaces and as endodontic cleansers. HOCl/NaOCl on-site
generators are used to treat acute and chronic wounds. On-site generators HOCl/NaOCl are
used in agricultural applications to generate disinfecting agents. Furthermore, HOCl/NaOCl
on-site generators have been approved by FDA as high level disinfectants, as wound care
irrigants and also as endodontic cleansers.
However, any Electrolysed Water that is produced in a facility and then sold off site is
required to be registered.
Several companies have product registered for use both as a for fresh vegetables and food
contact surfaces e.g. Sterilox (ProduceFresh) www.steriloxfresh.com
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B8 The Chemical Abstract Service (CAS) number or other product numbers of the
substance.
CAS numbers
Base elements pre Electrochemical Activation:
Water
Sodium Chloride

7732-18-5
7647-14-5

Major Elements in Electrolysed Water (Anolyte portion):
Hypochlorous Acid 7790-92-3
Hypochlorite Anion 7681-52-9
Major Element in Electrolysed Water (Catholyte portion)
Sodium Hydroxide

1310-73-2

As the substance is produced on site it does not have an assigned product number or label
B9. The substances physical properties and chemical mode of action

Mode of Action has been discussed in B4 - A list of the crop or handling activities which the
substance will be used for, including mode of action.
(a)Chemical interactions with other substances, especially those used in Organic production.
Anolyte breakdowns readily, leaving dilute Sodium chloride solutions (Al-Haq et al 2005,
Kunigk et al 2006). The reactions involve the rapid utilization of Hypochlorous acid with
biological, organic and soil materials.
The use of dilute Anolyte for surface sanitization leaves no chemical residues or off flavours
(Izumi 1999) making Anolyte the preferred choice in food industries. This includes not only
equipment surfaces, but plant material surfaces.
Inactivation of food borne pathogens on fruit and vegetables with Anolyte has been
demonstrated with as little as 20 ppm available chlorine activity and five minutes contact
(Issa-Zacharia et al 2011, Izumi 1999). Field trials by Botanical Food Company have
confirmed effective sanitization (log reduction of 1) on fresh leafy herb/spices after a 2040ppm Anolyte vaporised spray of 10 litres solution per 13 kg of product, and zero detectable
chlorine remaining after 60 minutes and log reduction of 2 with an 80-100 ppm Anolyte
vaporised spray of 10 litres solution per 13 kg of product, and zero detectable chlorine
remaining after 60 minutes. (Brooks, 2014)
Because of this rapid breakdown and initial low levels of available chlorine (compared with
Sodium/Calcium hypochlorite), Anolyte in all situations, does not need the final rinse step
which is normally required with other Chlorine materials, as below:
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Hypochlorous acid molecules are neutral and small in size. As a result they easily diffuse
through the cell walls of bacteria. This changes the oxidation-reduction potential of the cell
and inactivates triosephosphate dehydrogenase, an enzyme which is essential for the
digestion of glucose. Inactivation of this enzyme effectively destroys the microorganism's
ability to function.
Once the anolyte or Hypochlorous acid has been used, any remaining solution rapidly
decomposes into its original state (dilute saline solution).
It is non-toxic, to both humans and animals, being used for example as wound care irrigants
and also as endodontic cleansers (The final report of the Sanitizer Committee (2008-2010))
Anolyte water breaks downs readily, leaving dilute Sodium chloride solutions (Al-Haq et al
2005, Kunigk etal 2006). The reactions involve the rapid utilization of Hypochlorous acid
with biological, organic and soil materials. The use of dilute Anolyte for surface sanitization
leaves no chemical residues or off flavours (Izumi 1999). This includes not only equipment
surfaces, but plant material surfaces.
Here please note that Sodium Hydroxide as produced at the Cathode is also subject to rapid
break down.
(b) Are there adverse effects on the environment from the petitioned substance’s
manufacture, use, or disposal
It has negligible environmental impact (as per water and soil above) and can be produced on
site with no special handling or protective clothing, thus eliminating handling/storage and
disposal of toxic chemicals. Anolyte breaks downs readily, leaving dilute Sodium chloride
solutions (Al-Haq et al 2005, Kunigk et al 2006). The reactions involve the rapid utilization
of Hypochlorous acid with biological, organic and soil materials, and also the off gassing of
molecular chlorine. The use of dilute Anolyte for surface sanitization leaves no chemical
residues or off flavours (Izumi 1999). This includes not only solid surfaces, but plant material
surfaces.
This is supported by the following: A food-contact notification (FCN No. 1470), submitted
by PuriCore Inc., to provide for the safe use of Hypochlorous acid (CAS Reg. No. 7790-923), electrolytically generated in dilute solution, as an antimicrobial agent in water used to rehydrate fresh and fresh-cut fruits and vegetables.
The Office of Food Additive Safety has determined that allowing this notification to become
effective will not significantly affect the quality of the human environment and, therefore,
will not require the preparation of an environmental impact statement. This finding is based
on information submitted by the notifier in an environmental assessment (EA), dated October
2, 2014, as summarized below.
This notification is intended to expand the currently approved use of on-site,
electrochemically generated hypochlorous acid solution (the FCS) on whole fruits and
vegetables to include use on fresh-cut fruits and vegetables as well. Additionally, this
notification removes the batch-size limitation, expands the contact time to a minimum of 90
seconds, and allows for a spray application. The intended maximum use level is 60 ppm,
measured as available free chlorine.
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The rate of chemical breakdown of diluted bleaches is pH dependent. At pH below 7.55,
bleaches and Electrolysed water behave similarly. Brooks, 2014. (Note the pH maintained by
BFC is 6-7.5) Alkaline bleaches above pH 7.55, have a longer residual action due to the
equilibrium favouring hypochlorite (Commercial Bleaches are normally maintained at pH
9.5).
(c)Does the petitioned substance have an adverse effect on human health as defined by
applicable Federal Regulations
No. The final report of the Sanitizer Committee (2008-2010) established re on-site generated
HOCl/NaOCl, stated: are being used industrially for water treatment, bleaching, waste water
recovery, for laundry applications, for high level disinfectants to decontaminate medical
devices such as heat flexible endoscopes and dental unit waterlines, to sanitize/disinfect
dental office surfaces and as endodontic cleansers, to treat acute and chronic wounds, as high
level disinfectants, as wound care irrigants and also as endodontic cleansers.

B10 Safety Information

MSDS

Anolyte
Catholyte
Chlorine
Oxcide (Omri approved)

Appendix 2
Appendix 3
Appendix 4
Appendix 5

Safety of Electrolysed Water as compared to Sodium and Calcium hypochlorite
Brooks, 2014, reports that the hypochlorite anion of Calcium hypochlorite and Sodium
hypochlorite is chemically stable at high pH, while the Hypochlorous acid molecule (pKa
7.55) is susceptible to breakdown. For this reason, the pH of bulk concentrated Calcium
hypochlorite and Sodium hypochlorite solutions are maintained above pH 9.5 to shift the
equilibrium away from Hypochlorous acid. Concentrated solutions of Calcium hypochlorite
or Sodium hypochlorite are therefore caustic, as well as corrosive. Because they are strong
oxidizers, their storage must be segregated from flammable, readily oxidized materials and
certain metals. Their transportation in bulk is hazardous (ORICA MSDS).
Electrolysed water generates dilute Hypochlorous acid/hypochlorite solutions, with the
balance being pH dependent. The long term storage is not practical due to the rapid
breakdown of Hypochlorous acid. Hence Electrolysed water is generally used soon after
production, rather than stored. As the solution is slightly alkaline to mildly acidic, therefore
the problem of caustic solutions is avoided. Furthermore, the dilute nature of the solutions
(<200 ppm) mean the potential explosive hazards from contact with oxidizable materials is
eliminated. Being generated at point-of-use also eliminates transport hazards.
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B11 Research Information
See attached bibliography – Appendix 8
There are multiple reviews of this product, and its efficacy in comparison to other sanitisers.
Because of the nature of BFC’s business, it’s efficacy in horticulture has been priority, but it
has also multiple use applications in fields ranging to processing to medicine. A few are
outlined below.
For example:
Horticulture Australia (2013) presents the key findings and a summary of the work
conducted to evaluate various wash water treatments available to commercial vegetable
growers to reduce the incidence of food borne illness and postharvest diseases. This study
included electrolysed water (some results shown at 12A)
Environmental Assessment of Sterilox Hypochlorous Acid Solution for Food Contact
Notification FCN1470 gives a thorough assessment of a product produced by a similar
process (a competitor to Envirolyte).
Abdulsudi et al (2010) evaluated and compared solution the sanitization efficacy of slightly
acidic Electrolysed water (20ppm) and Sodium hypochlorite solution (100ppm), against food
pathogens on selected fresh ready-to-eat vegetables and sprouts. The vegetables and sprouts
were dip-inoculated with Escherichia coli (E. coli) and Salmonella spp. Both treatment
significantly reduced the bacterial load, but there was no significant difference in their
efficacy.
However the results demonstrate that the low chlorine concentration (20ppm) and near
neutral pH of Electrolysed water had the same sanitising effect as the 100ppm chlorine
concentration of the dilute Sodium hypochlorite, therefore presents an alternative to Sodium
hypochlorite solution and would significantly reduce the amount of free chlorine used in the
fresh cut vegetable industry.
Deza et al, 2010, report that rinsing in Neutral Electrolysed Water presents an effective
method to control the presence of E. coli O157:H7, S. enteritidis and L. monocytogenes on
the surface of fresh tomatoes, without affecting their organoleptic characteristics. This
indicates its potential application for the decontamination of fresh produce surfaces.
Bonde et al, 1999, demonstrate the advantages of Acidified Electrolysed Water over Sodium
Hypochlorite in research and the germination T indica teliospore germination.
In research into its suitability for use in drinking water results prove that Anolyte is very fast
and efficient in its sanitising ability, even at lower levels of concentration (Prucha, 2000)
The research results with Escherichia coli showed that Anolyte with a concentration of free
chlorine (dosage rate in water) between 1.2 ppm and 0.3 ppm destroys concentrations of
140.000 cfu/100 ml within 1 Minute. At a free-chlorine concentration less than 0.3 mg/l
Anolyte destroys a high Escherichia coli-concentration within 5 Minutes at Escherichia coliconcentrations up to 7.500 cfu/100 ml, Anolyte with a free-chlorine concentration of 0.15
mg/l proved to be effective and destroys all bacteria within 1 Minute.
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Wang et al, 2006, investigated the effects of Peroxyacetic Acid, Acidic Electrolysed Water
and Chlorine on inactivation of Escherichia coli O157:H7 on fresh-cut apples and cantaloupe
rinds. All sanitizer treatments showed a significantly (P _ 0.05) higher inactivation than the
control. The residual counts of E. coli O157:H7 on both fruits exhibited a dual-phasic
reduction behaviour, with a fast inactivation (D values: 0.8–5.0 min) in the first minute
(phase I) of treatments followed by a much slower inactivation (D values: 14.6–59.8 min) in
the remaining time (phase II). The dual-phasic inactivation seems to be related to fruit surface
topography that determines the bacterial distribution.
Venkitanarayanan et al, 1999, investigated the inactivation of Escherichia coli O157:H7
and Listeria monocytogenes on plastic kitchen cutting boards by Electrolysed oxidizing water
under different temperature/immersion time conditions and found that this study revealed that
immersion of kitchen cutting boards in Electrolysed oxidizing water could be used as an
effective method for inactivating foodborne pathogens on smooth, plastic cutting boards
Nakae H et al, 2000, investigated effectiveness of Electrolysed oxidized water irrigation in a
burn-wound infection model (in rats) against Psuedomonas aeruginosa and found survival
rate was significantly higher in group III (Electrolysed water) than in groups I or II (No
irrigation and Saline irrigation) (p < 0.0001). Serum endotoxin levels on day 3 after infection
in group III were significantly lower than the levels in group I (p < 0.01) and group II (p <
0.01). There were significant differences between the three groups in the culture of P.
aeruginosa (p < 0.05) so concluded that Irrigation and disinfection with Electrolysed Water
may become useful in preventing burn-wound sepsis.
Table 1. Percentage Kill of Bacterial Strains at Different Anolyte* Concentrations
Concentration
Bacterial Strain
Bacillus subtilis
Pseudomonas
aeruginosa
Acinetobacter
calcoaceticus
Lactobacillus brevis
Micrococcus luteus
Streptococcus
faecalis
Pseudomonas
fluorescens
Staphylococcus
aureus
Pseudomonas
alcaligenes
Pseudomonas
medocina
Pseudomonas putida
Bacillus cereus
Micrococcus roseus
Pseudomonas
stutzeri
Pseudomonas
syringae

Gram Undiluted
Stain
+
100
100
+
+
+
+
+
+
-

1:10

1:20

100
100

78
87

100

100

100

100
100
100

100
100
100

100
100
31

100

100

66

100

100

100

100

100

52

100

100

88

100
100
100
100

100
100
100
100

90
92
100
57

100

100

87

*New©
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12 A
Why is the substance necessary for the production or handling of an organic product.
It is essential to minimise Microbial Food Safety Hazards for Fresh Produce. Botanical Food
Company Pty Ltd.’s range of Gourmet Garden Herbs and Spices depends on its raw
ingredients meeting the strictest food standards re microbial and other e.g. chemical,
contamination.
Prevention of contamination is preferred over corrective actions once contamination has
occurred.
Antimicrobial chemicals in wash water are used to reduce microbial load of herbs and spices,
and these same chemicals are used to maintain the cleanliness of the equipment and
processing surrounds
The effectiveness of an antimicrobial agent depends on its chemical and physical state,
treatment conditions, such as water temperature, acidity [pH], contact time, resistance of
pathogens and the nature of the surface of the material.
Several Synthetic sanitizers are already approved and on the National List e.g. Chlorine
Materials as defined by USDA NOP, and Peracetic Acid.
Sodium hypochlorite, for example, is an allowed synthetic sanitizer, often added to water at
50 - 200 ppm total chlorine, for post-harvest treatments of fresh produce, with a contact time
of 1 - 2 minutes. Its pH favours the Hypochlorite ion during storage/usage for stability
reasons, but in doing so is a much more hazardous chemical, during transport, storage and
use, than Anolyte (compare MSDS-Appendices 2-4)
Peroxyacetic acid is not approved for use in certified organic production/processing in
Australia. Since PM-14-3 a derogation for use has been approved in processing for Botanical
Food Company, however growers have not received a derogation for post-harvest use.
Various natural acids e.g. citric/acetic. Citric acid or other acids (e.g., acetic acids, ascorbic
acid, citric acid, and vinegar) are currently approved natural alternatives to Anolyte.
Natural acids eliminate the growth of pathogens because many pathogens cannot grow at pH
levels below 4.5. Additionally, natural acids may possess bactericidal capabilities by reducing
the pH, disrupting the membrane transport, permeability, and/or anion accumulation and/or or
reducing internal cellular pH by the dissociation of hydrogen ions from the acid (Parish et al.,
2003).
However low pH is not compatible with green leafy products because of chlorophyll
instability at low pH, therefore these acids are not suitable for ongoing control on farm or in a
processing or retail environment.
Furthermore internal trials have also shown that these acids are not adequate to control the
major food safety challenges faced on a daily basis in a processing environment.
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Anolyte, because of its pH favouring the Hypochlorous acid activity, by comparison, is a
much more effective, and safer to handle, sanitiser having the greatest antimicrobial/sporicidal activity (Yu-Ru Huang et.at, 2008) and is able to be mixed/handled
without special handling equipment/clothing or special transport requirements (Brooks,
2014).
Immediate disinfection is achieved by Hypochlorous acid, whereas the Hypochlorite ion
provides for a residual disinfecting effect, in fact Hypochlorous Acid is over 80% more
efficient than the Hypochlorite ion (Aquaox), but, because of the equilibrium, the
Hypochlorite ion reverts to Hypochlorous acid, as Hypochlorous acid concentration decreases
to maintain homeostasis.
To put it more simply, the Hypochlorite ion (predominant in Calcium and Sodium
hypochlorite) remains in solution waiting for any Hypochlorous acid to be used up
(Hypochlorous acid is more effective) and as its equilibrium shifts more Hypochlorous acid is
produced, and then used up again.
Anolyte, therefore is a much less hazardous, but more effective alternative to the current
Chlorine Materials (Calcium and Sodium hypochlorite) on the National List and is a much
more desirable alternative to what is currently approved.
Describe any non-synthetic substances on the National List or alternative cultural
methods that could be used in place of the petitioned synthetic substance
There are non-synthetic substances on the National List, but with Food Safety as the priority
they are not as effective as the synthetic alternatives.
Horticulture Australia project VG09086 (2013) made the following recommendations:
 Growers who produce leafy vegetables that are sold as pre-washed and ready to eat
should consider using peroxyacetic acid based sanitisers. These sanitisers are
however considerably more expensive and may contribute to a lower shelf life of the
product.
 Growers who supply the organic market should consider an organic based sanitiser.
Although the efficacy of these is not as good as Chlorine, Chlorobromo, or
peroxyacetic acid sanitisers, they still show some level of efficacy and are better than
acetic acid.
 In these trials electrolysed water, was shown to have superior efficacy to any of the
other products tested. Results also showed that product washed with electrolysed
water had a longer shelf life
Their recommendations are based on the following results on spinach. (More are available)
The tables below show the efficacy of some organic product as compared with some
synthetic sanitisers
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Citrox –Certified Organic

Natural Acetic Acid
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Aussan – Certified Organic

Citrofresh – Registered Organic Input
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Tsunami – Peracetic Acid

Chlorine
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Electrolysed Water

.
Anolyte does not contain residues of heavy metals or other contaminants in excess of
FDA/certified organic tolerances. It is made from potable water and food grade sodium
chloride.
Sodium hypochlorite, for example, is an allowed synthetic sanitizer, often added to water at
50 - 200 ppm total chlorine, for post-harvest treatments of fresh produce, with a contact time
of 1 - 2 minutes. Its pH favours the Hypochlorite ion during storage/usage for stability
reasons, but in doing so is a much more hazardous chemical, during transport, storage and
use, than Anolyte (compare MSDS-Appendices 2-4)
Anolyte, because of its pH favouring the Hypochlorous acid activity, by comparison, is a
much more effective, and safer to handle, sanitiser having the greatest antimicrobial/sporicidal activity (Yu-Ru Huang et.at, 2008) and is able to be mixed/handled
without special handling equipment/clothing or special transport requirements (Brooks,
2014).
Immediate disinfection is achieved by Hypochlorous acid, whereas the Hypochlorite ion
provides for a residual disinfecting effect, in fact Hypochlorous Acid is over 80% more
efficient than the Hypochlorite ion (Aquaox), but, because of the equilibrium, the
Hypochlorite ion reverts to Hypochlorous acid, as Hypochlorous acid concentration decreases
to maintain homeostasis.
To put it more simply, the Hypochlorite ion (predominant in Calcium and Sodium
hypochlorite) remains in solution waiting for any Hypochlorous acid to be used up
(Hypochlorous acid is more effective) and as its equilibrium shifts more Hypochlorous acid is
produced, and then used up again.
Anolyte, therefore is a much less hazardous, but more effective alternative to the current
Chlorine Materials (Calcium and Sodium hypochlorite) on the National List and is a much
more desirable alternative from a food safety perspective to the current organic offerings.
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Appendix 1

A Comparison of Hypochlorous Acid in Electrolysed Water to Diluted Sodium Hypochlorite and
Calcium Hypochlorite Bleaches.

Dr Peter Brooks

08 August 2014

Manufacture.
Molecular chlorine is produced by the electrolysis of molten sodium chloride. There is no natural
analogy to this process.
2NaCl + Electrolysis  2Na + Cl2

Sodium Hypochlorite solutions are produced by the electrolysis of concentrated sodium chloride
solution, or the addition of molecular chlorine to concentrated sodium hydroxide solutions. Neither
of these two practices have a natural analogy.

NaCl + H2O + Electrolysis  NaOCl + H2

Cl2 + 2NaOH  NaOCl + NaCl + H2O

Calcium hypochlorite is produced by the addition of molecular chlorine to calcium hydroxide
suspensions. There is no natural analogy to this procedure. Concentrated calcium hypochlorite and
sodium hypochlorite solutions are commonly known as “Bleach”. As a result of the production
process both bleaches are of high pH (very alkaline, caustic and corrosive). This alkaline pH
chemically stabilizes the hypochlorite anion in the bleach solution. Bleaches also contain sodium
chloride.

Ca(OH)2 + 2NaOH + 2Cl2  Ca(OCl)2 + 2NaCl + H2O

Botanical Food Company Pty Ltd T: +61 7 54532500, M: +61 417 700 706
jane.parker@gourmetgarden.com

Electrolysed water is the product of passing electrical current through a dilute sodium chloride
solution. The natural analogy is lightening striking the oceans. The electrolysis of dilute sodium
chloride solutions produces hypochlorous acid, hypochlorite and hydrochloric acid in the Anolyte
stream, and hydroxide in the Catholyte stream. Mixing of the two streams in various proportions
produces hypochlorous acid/hypochlorite solutions of mild acid to slightly alkaline pH.

Safety
The hypochlorite anion of calcium hypochlorite and sodium hypochlorite is chemically stable at high
pH, while the hypochlorous acid molecule (pKa 7.55) is susceptible to breakdown. For this reason,
the pH of bulk calcium hypochlorite and sodium hypochlorite solutions are maintained above pH 9.5
to shift the equilibrium away from hypochlorous acid. Concentrated solutions of calcium
hypochlorite or sodium hypochlorite are therefore caustic, as well as corrosive. Because they are
strong oxidizers, their storage must be segregated from flammable, readily oxidized materials and
certain metals. Their transportation in bulk is hazardous (ORICA MSDS).

Electrolysed water generates dilute hypochlorous acid/hypochlorite solutions, with the balance
being pH dependent. The long term storage is not practical due to the breakdown of hypochlorous
acid. Hence Electrolysed water is generally used soon after production, rather than stored. As the
solution is slightly alkaline to mildly acidic, therefore the problem of caustic solutions is avoided.
Furthermore, the dilute nature of the solutions (<200 ppm) mean the potential explosive hazards
from contact with oxidizable materials is eliminated. Being generated at point-of-use also eliminates
transport hazards.

Furthermore, the Anolyte portion of Electrolysed water at concentrations of 1.2 ppm available
chlorine is capable of disinfecting Escherischia coli and Pseudomonas aeruginosa from drinking water
within five minutes, and maintains halogenated disinfection by-products below strict German
guidelines (Prucha, 2000).

Comparison of modes of action.
The antimicrobial activity of the chlorine disinfectants is dependent on the concentration of HOCl
(Suslow 2001). The hypochlorite anion of calcium hypochlorite or sodium hypochlorite is significantly
less effective as a sanitizer than hypochlorous acid and as a result is less beneficial as a postharvest
sanitiser (Suslow 2001). This is believed due to the greater penetration of bacterial cell membrane
and viruses by neutral hypochlorous acid compared to the ionized hypochlorite anion which cannot
penetrate the lipid bilayer (Fukuzaki, 2006) (Huang etal 2008). When concentrated solutions of the
hypochlorite are diluted, an equilibrium is established with hypochlorous acid as the effective
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sanitizer. Because hypochlorous acid has the greatest anti-microbial/sporicidal activity (Huang et.at,
2008), the efficacy of disinfection is determined by the pH of the hypochlorite solution. Disinfection
with chlorine reagents will take place optimally when the pH is between 5.5 (HOCl 100%) and
7.5(HOCl/-OCl 50:50).
The residual activity of diluted bleaches is pH dependent. A pH above 7.55 shifts the equilibrium
towards hypochlorite, extending chemical stability but lowering sanitizing activity. At pH below 7.55,
the equilibrium favours hypochlorous acid, reducing chemical stability but increasing the sanitizing
activity. For these reasons the pH of diluted bleach solutions are often decreased by the addition of
an acid.
-

OCl + H2O <-> HOCl + -OH

NaOCl + HCl <-> NaCl + HOCl

Chemical comparisons
Diluted sodium hypochlorite bleaches contain the sodium cation, chloride anion and a
hypochlorite/hypochlorous acid equilibrium that is dependent on the pH.

-

OCl + H+ +  HOCl (pKa = 7.55)

HOCl + H+ + Cl-  Cl2(g)+ H2O (pKa = 3.33)

To increase the sanitizing action, dilute bleach is often acidified. Electrolysed sodium chloride
solutions contain the same chemical components as……. Diluted calcium hypochlorite bleaches differ
only in that calcium ions replace the majority of sodium ions.
A typical diluted bleach for fruit and vegetable sanitation has 200 ppm available chlorine, and pH 8.
This solution will contain 0.75 m Molar hypochlorous acid and 2.1 m Molar hypochlorite. Lowering of
the synthetic diluted bleach solution pH will increase the sanitizing action by increasing the
proportion of hypochlorous acid. By comparison, a neutral Anolyte Electrolysed water will contain
more hypochlorous acid than hypochlorite anion, hence decreasing the total required chlorine for
sanitization. The pH 7.5 Anolyte section of Electrolysed water is able to achieve effective surface
sanitization at only 20 ppm due to the high bioavailability of the active hypochlorous acid (Rico,
2007, Issa-Zacharia,2010).

Electrolysed water breakdowns readily, leaving dilute sodium chloride solutions (Al-Haq etal 2005,
Kunigk etal 2006). The reactions involve the rapid utilization of hypochlorous acid with biological,
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organic and soil materials, and also the minute off gassing of molecular chlorine. The use of dilute
Anolyte for surface sanitization leaves no chemical residues or off flavours (Izumi 1999) making
Electrolysed water the preferred choice in food industries.

Inactivation of food borne pathogens on fruit and vegetables with Anolyte has been demonstrated
with as little as 20 ppm available chlorine activity and five minutes contact (Issa-Zacharia et al 2011,
Izumi 1999).

Field trials by Botanical Food Company have confirmed effective sanitization (log reduction of 1) on
fresh leafy herb/spices after a 20-40ppm Anolyte vaporised spray of 10 litres solution per 13 kg of
product, and zero detectable chlorine remaining after 60 minutes and log reduction of 2 with an 80100 ppm Anolyte vaporised spray of 10 litres solution per 13 kg of product, and zero detectable
chlorine remaining after 60 minutes.

The rate of chemical breakdown of diluted bleaches is pH dependent. At pH below 7.55, bleaches
and electrolysed water behave similarly (Kunigk etal 2006). Alkaline bleaches above pH 7.55, have a
longer residual action due to the equilibrium favouring hypochlorite. This results in lower biological
and chemical reactivity.
HOCl + H+ + Cl- <-> Cl2 + H2O
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