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STABLISED CHILORINE DOXDE 
SOLUTION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to New Zealand 
Patent Application NZ 587851, filed Sep. 8, 2010, which is 
hereby incorporated by reference herein as if fully set forth in 
its entirety. 

FIELD OF THE INVENTION 

0002. The invention relates to a stabilized solution of chlo 
rine dioxide and the numerous uses of the Solution in many 
areas of industry. 

BACKGROUND 

0003 Sanitizers are well known today and in frequent use. 
Chlorine dioxide, for example, is a well known disinfectant 
sanitizer and water treatment product. A major problem with 
the uses of carbon dioxide however is its delivery system. 
Until recently the only way of manufacturing chloride diox 
ide was by means of a generator. Two containers, one con 
taining an acid the other a salt, were mixed together in a 
chamber and chlorine dioxide gas was generated and then 
metered into the water supply. For field applications this is not 
a satisfactory state of affairs. 
0004. The discovery of chlorine dioxide is generally cred 
ited to Sir Humphrey Davy, who reported the results of the 
reaction of potassium chlorate with sulfuric acid in the early 
1800's. Chlorine dioxide today is generated for smaller appli 
cations by the reaction of sodium chlorite with chlorine, via 
either gaseous chlorination (Equation 1) or the reaction of 
sodium hypochlorite with hydrochloric acid (Equation 2). 

Cl2+2NaClO->2CIO+2NaCl (1) 

HC1+NaOCl+2NaClO-->2CIO+2NaCl-NaOH (2) 

0005. This chemistry was due to the pioneering efforts of 
J. F. Synan, J. D. MacMahon, and J. P. Vincent, of Mathieson 
Chemical Company, now Olin Corporation. In 1944, the gen 
eration of chlorine dioxide to control taste and odor problems 
at a potable water facility at Niagara Falls, N.Y., was reported. 
0006. This first successful application led to its use in 
other municipal potable water treatment facilities which had 
similar problems. Over the next 25 years researchers com 
pared the disinfection efficiency of chlorine dioxide to that of 
the industry standard, chlorine. 
0007. In the mid to late 70’s, researchers linked chlorina 
tion of potable water to increased cancer mortality rates. This 
increase in cancer mortality was tied to the production of 
trihalomethanes, THM's. The USEPA established 0.1 ppm as 
the maximum THM containment level for drinking water. 
Research in the area of THM reduction in potable water led to 
the EPA in 1983 suggesting the use of chlorine dioxide as an 
effective means of controlling THM's. 
0008. In 1986, there was an estimated 200-300 chlorine 
dioxide applications for potable water treatment in the USA, 
and applications in Europe numbered in the thousands. 
0009 Chlorine dioxide is being used increasingly to con 

trol microbiological growth in a number of different indus 
tries, including the dairy industry, the beverage industry, the 
pulp and paper industries, the fruit and vegetable processing 
industries, various canning plants, the poultry industry, the 
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beef processing industry, and miscellaneous food processing 
applications. It is seeing increased use in municipal potable 
water treatment facilities and in industrial waste treatment 
facilities, because of its selectivity towards specific environ 
mentally-objectionable waste materials, including phenols, 
Sulfides, cyanides, thiosulfates, and mercaptains. It is being 
used in the oil and gas industry for down-hole applications as 
a well stimulation enhancement additive. Today, domestic 
industrial applications number in the thousands. 
0010 With the recent trend towards elimination of gas 
eous chlorine from the industrial plant site, there are increas 
ing interests in exploring all the various alternatives to gas 
eous chlorine. 
0011. Acidified Sodium Chlorite, Stabilised Chlorine 
Dioxide and Chlorine Dioxide in Aqueous Diluent, Differ 
CCCS 

(0012. Acidified Sodium Chlorite (ASC) 
0013 Is a weak colourless liquid witha, mild, chlorine like 
odour that is produced by adding a weak acid to Solution of 
sodium chlorite (NaClO·). The active ingredient (at pH 2.3 to 
3.2) consists mainly of chlorous acid (HCIO) in equilibrium 
with Chlorite ion (CIO) and H, ASC in solution consists 
mainly of chlorite ions (65 to 95% at pH 2.3 to 3.2, respec 
tively, H ions and chlorous acid (35 to 45%) at pH 2.3 to 3.2, 
respectively. At pH>7 chlorine dioxide is the primary species 
present slowly decomposes to chlorate and chloride. 
0014 Chlorine dioxide is a relatively soluble compound 
with any that is generated in a fresh Solution of ASC (gener 
ally)<3 ppm) tending to remain in solution. If the ASC solu 
tion is being sprayed, any chlorine dioxide in the Solution is 
usually immediately off-gassed, with greater off gassing as 
spray particle size decreases (i.e. the Surface area to Volume 
ratio increases). 
0015 The use of ASC (depending on pH) may result in the 
production of the following four primary chlorine com 
pounds and chloride (Cl) when a food grade acid is mixed 
with sodium chlorite. 
I0016 Chlorite (CIO) chlorate (CIO), chlorous acid 
(HClO) and chlorine dioxide (CIO) 
(0017 Acidified Sodium Chlorite Chemistry 
0018 ASC chemistry is the chemistry of chlorous acid 
(HCIO) 
0019. Oxidation States of Chlorine 

CIO +7 Perchlorate ion 
CIO. +5 Chlorate Ions 
CO2 +4 Chlorine Dioxide 
CIO. +3 Chlorite ions 
CIO or OCI +1 Hypochlorite ion 
C2 O Chlorine (molecular) 
C -1 Chlorite ion 

0020 Stabilised Chlorine Dioxide 
0021 Stabilised chlorine dioxide is a misleading term that 

is unfortunately in widespread use. There are only trace 
amounts of chlorine dioxide in “stabilised chlorine dioxide'. 
The correct description of this is, “stabilised chlorite'. The 
chlorite is stabilised with a buffer and peroxide at a pH of 
about 7. Though chlorite, or stabilised chlorite is also an 
oxidising agent, it is not nearly as powerful as chlorine diox 
ide. Chlorine Dioxide, unlike chlorite, is a gas, the term 
“active' chlorine dioxide is used to distinguish between the 
real and unreal. 
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0022. There is also a great deal of confusion relating to 
so-called “stabilized chlorine dioxide’ solutions, which have 
little or none of the free CIO molecule, but which predomi 
nate instead in chlorite ion. The claim is made that during use, 
the unstable chlorite can lead to a slow generation of CIO, but 
not with sufficient rapidity to provide any significant CIO, 
activity. The “stabilisation of chlorine dioxide, by reaction 
of the CIO with peroxides to form chlorite, has been taught in 
a number of patents, including those of Wentworth (U.S. Pat. 
No. 3,123.521) and McNicholas (U.S. Pat. No. 3,271,242). 
Other attempts to stably contain CIO, are found in U.S. Pat. 
No. 4,829,129, in which the molecule is claimed to be com 
plexed with an organic polymer, and in U.S. Pat. No. 4,861, 
514, where CIO is apparently maintained in a steady-state 
concentration, after its slow formation over many days, in a 
thickened aqueous solution comprising a gelling agent, a 
chlorite salt, and an aldehyde or acetal. In neither of these two 
patents does the resulting composition provide a simple 
stable solution, of freely-available ClO, appropriate for easy 
disinfecting or deodorising applications, without the pres 
ence of other solutes necessary for ClO stabilisation. In 
addition, the application of the referenced compositions to a 
substrate intended for disinfection, would leave significant 
levels of dried residue upon evaporation of the aqueous sol 
Vent. 

0023 Active Chlorine Dioxide 
I0024. The preferred method of manufacturing CIO, 
because it guarantees the best conversion to Chlorine Diox 
ide, and, limits, as much as possible the formation of by 
products, is: 

0025. Some very harmful substances—dioxins and 
furans, for example, and also trihalomethanes can be formed 
when chlorine products come in contact with organic matter, 
Such as leaves and dirt. Dioxins and furans, both reasonably 
anticipated to be human carcinogens by the International 
Agency for Research on Cancer (IARC), are organochlorine 
compounds similar in structure to PCBs. They biodegrade 
very slowly and therefore build up in the bodies of animals 
and humans; dioxin and furan have even been detected in 
breast milk samples. Trihalomethanes, including the carcino 
gen chloroform are formed when chlorine reacts with carbon 
containing organic matter. They can increase the risk of can 
cer and may damage the liver, kidneys, and nervous system, 
and increase rates of miscarriage and birth defects. 
0026 Sodium Hypochlorite and Chlorine Production 
0027 Sodium hypochlorite is another well known sani 

tizer and may be prepared by absorbing chlorine gas in cold 
Sodium hydroxide Solution: 

0028 Sodium hydroxide and chlorine are commercially 
produced by the chloralkali process, and there is no need to 
isolate them to prepare sodium hypochlorite. Hence NaOCl is 
prepared industrially by the electrolysis of sodium chloride 
Solution with minimal separation between the anode and the 
cathode. The solution must be kept below 40°C. (by cooling 
coils) to prevent the formation of sodium chlorate. 
0029. The commercial solutions always contain signifi 
cant amounts of Sodium chloride (common salt) as the main 
byproduct, as seen in the equation above. 
0030 Household bleach sold for use in laundering clothes 

is a 3-6% solution of sodium hypochlorite at the time of 
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manufacture. Strength varies from one formulation to another 
and gradually decreases with long storage. 
0031. A 12% solution is widely used in waterworks for the 
chlorination of water and a 15% solution is more commonly 
used for disinfection of waste water in treatment plants. High 
test hypochlorite (HTH) is sold for chlorination of swimming 
pools and contains approximately 30% calcium hypochlorite. 
The crystalline salt is also sold for the same use; this salt 
usually contains less than 50% of calcium hypochlorite. 
However, the level of “active chlorine' may be much higher. 
0032. A weak solution of 1% household bleach in warm 
water is used to sanitize Smooth Surfaces prior to brewing of 
beer or wine. Surfaces must be rinsed to avoid imparting 
flavors to the brew: these chlorinated byproducts of sanitizing 
Surfaces are also harmful. 
0033 US Government regulations (21 CFR Part 178) 
allow food processing equipment and food contact Surfaces to 
be sanitized with solutions containing bleach provided the 
solution is allowed to drain adequately before contact with 
food, and the solutions do not exceed 200 parts per million 
(ppm) available chlorine (for example, one tablespoon of 
typical household bleach containing 5.25% sodium 
hypochlorite, per gallon of water). If higher concentrations 
are used, the surface must be rinsed with potable water after 
Sanitizing. 
0034. A 1 in 5 dilution of household bleach with water (1 
part bleach to 4 parts water) is effective against many bacteria 
and some viruses, and is often the disinfectant of choice in 
cleaning surfaces inhospitals (Primarily in the United States). 
The solution is corrosive, and needs to be thoroughly 
removed afterwards, so the bleach disinfection is sometimes 
followed by an ethanol disinfection. Chlorine products can be 
corrosive to plant and equipment, people and is also costly. 
0035 Sodium hypochlorite is a strong oxidizer. Products 
of the oxidation reactions are corrosive. Solutions burn skin 
and cause eye damage, particularly when used in concen 
trated forms. However, as recognized by the NFPA, only 
Solutions containing more than 40% sodium hypochlorite by 
weight are considered hazardous oxidizers. Solutions less 
than 40% are classified as a moderate oxidizing hazard 
(NFPA 430, 2000). There are numerous reports and scientific 
papers discussing the problems associated with the use of 
chlorine. For example, the EPA in the 1990s raised skin 
absorption of chlorine to its top 10 carcinogen watch list, a 
professor of water chemistry at the University of Pittsburgh 
claimed that exposure to vaporized chemicals in the water 
Supply through showering, bathing and inhalation was 2100 
times greater than through drinking the water. 
0036. During the mid 1970's monitoring efforts began to 
identify widespread toxic contamination of the nation's 
drinking water Supplies, epidemiological studies began to 
Suggest a link between ingestion of toxic chemicals in the 
water and elevated cancer mortality risks. Since those studies 
were completed a variety of additional studies have strength 
ened the statistical connection between consumption of tox 
ins in water and elevated cancer risks. Moreover, this basic 
concern has been heightened by other research discoveries. 
0037 “Chlorine is used almost universally in the treat 
ment of public drinking water because of its toxic effect on 
harmful bacteria and other waterborne, disease-causing 
organisms. But there is a growing body of scientific evidence 
that shows that chlorine in drinking water may actually pose 
greater long-term dangers than those for which it was used to 
eliminate. These effects of chlorine may result from either 
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ingestion or absorption through the skin. Scientific studies 
have linked chlorine and chlorination by-products to cancer 
of the bladder, liver, Stomach, rectum and colon, as well as 
heart disease, arteriosclerosis (hardening of the arteries), ane 
mia, high blood pressure, and allergic reactions. There is also 
evidence that shows that chlorine can destroy protein in our 
body and cause adverse effects on skin and hair.” 
0038 “The presence of chlorine in water may also con 
tribute to the formation of chloramines in the water, which 
can cause taste and odor problems.” 
0039. The use of chlorine and sodium hypochlorite in their 
presently known form as sanitizers therefore poses serious 
problems to the public. 

OBJECT OF THE INVENTION 

0040. It is therefore an object of the invention to go some 
way in providing a useful and safe biocide or to at least 
provide the public with a useful choice. 

SUMMARY OF THE INVENTION 

0041. The invention provides a process for the generation 
of carbon dioxide in solution in which the resulting chloride 
dioxide solution is stable. 
0042. The chlorine dioxide solution is preferably stable 
for up to 14 months. 
0043. The invention also provides a stabilized chlorine 
dioxide solution. The solution is preferably stable for at least 
14 months. 
0044) The invention also provides a method of using the 
stabilized chlorine dioxide solution. The solution is prefer 
ably stable for at least 14 months. 
0045 Surprisingly, the invention provides a unique pro 
cess for producing a stabilized chlorine dioxide Solution in 
which the presence of a certain amount of chlorite ion 
(ClO—) in the aqueous medium helps Stabilize the pres 
ence of CIO, in that solution. 
0046. The CIO, may be either: 
0047 added to the CIO solution after it is formed: 
0048 be residually present from incomplete oxidation of a 
CIO solution to ClO; or 
0049 result from the initial degradation of a pure ClO. 
solution, where some of the CIO is reduced back to CIO . 
0050. The chlorine dioxide solution according to the 
invention has numerous uses. The product may be packed in 
a cardboard outer in which is contained a plastic "Jerry can' 
containing the salt and a smaller “pottle' containing further 
salts. The Gross weight is 2.3 kilograms and measures 0.135x 
O.135xO2OO. 
0051. The contents make four hundred litres of usable 
product. 
0052. The product may be activated using the following 
procedure: 
0053 obtain a suitable container normally a two hundred 

litre drum; 
0054 preferably 500 grams of the salt is poured into water 
and agitated to dissolve it; 
0055 once dissolved, 500 mls of hydrochloric acid is 
added; 
0056 as the drum fills, 10 grams of salt may be taken from 
the pottle and to this may be added 500 mls of acid and 500 
mls of water; and 
0057 the mixture is added to the drum and allowed to fill. 
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0058. The uses may include any of the following: 
0059 Water Treatment 
0060) 1:5000 to 1:15000 ration of active to water 
0061. Depending on the measured or perceived level of 
contamination of the water source. 
0062 Disinfectant 
0063 1:100 which insures log 5 reduction of major con 
taminants in under thirty seconds. 
0064. Field Use 
0065. Abowser of fifty thousand litre capacity is driven to 
a pond. The water is considered to be of medium level con 
tamination. The bowser is filled to near capacity and five litres 
of the chlorine dioxide is added. The water is then safe for 
human consumption. 
0066. A field kitchen needs sanitation. A solution of one 
part of chlorine dioxide to one hundred parts of water is made 
up. The resultant diluent is used as a hard Surface sanitiser: 
0067. There is perceived to be an odour problem. A diluent 
as in above is made and the area is sprayed. 
0068 Corpses may be treated with chlorine dioxide to 
delay the effects of bacterial invasion post-mortem. This mat 
ter has been discussed with Messrs. Mortech. 
0069. The uses for this product in all fields of sanitation are 
remarkable. It may be used as a mouth wash, as a fungicide as 
an antiseptic on cuts and it does not have the inherent health 
risks associated with chlorine. 
0070 From the perspective of ease of cartage and manu 
facture there is no need for disposal considerations as the 
packaging may simply be burnt. 
0071. A complete assessment of chlorine dioxide regard 
ing toxicity etc. is available for determination on request. 
0072 Treatment of Ground Water 
0073. The general procedure for treating ground water is: 
0074 use antiseptic pumping equipment; 
0075 introduce CIO at the storage tank using a metering 
device; 
(0076 treat the water directly: 
0077 dosage depends on the bacterial loading. (It could 
range from 0.3 mgS/L to 1 mg per litre); 
0078 for normal circumstances preferably use 0.3 to 1 mg 
per litre. For bacterial content of 100 coliforms per 110 mls of 
water preferably use 0.5 mg/L.; 
(0079 after treatment, filter the water to rid it of impurities: 
0080 store in hermetically sealed container; 
I0081 preferably, dosage is done on a weekly basis if the 
seal is not perfect; and 
I0082 this water is fit for human consumption. 
0083. Health 
I0084. The following are some of the areas where chlorine 
dioxide in Solution according to the invention has proven 
effective: 
I0085 acne; athlete's foot; anti-cross infection; amalgam 
ated infections; comedones; condyloma; dandruff dermal 
damage: eczema, psorisis; fungus Infections; herpes simplex; 
muscle damage; Scabies; and tendon damage (Soak for ten to 
fifteen minutes with a solution of one to twenty or one to 
forty). 
I0086 Oral Hygiene 
I0087. The product according to the invention is effective 
against: 
I0088 colibacillus; golden staphylococcus; white oidi 
omycetes; and for prevention of halitosis. 
I0089 Halitosis is caused by microbes that can decompose 
thiamine acid, protein, peptone and non-vital epidermal cells 
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into Sulphides (HS, CHS. (CH).S. Gargling with 0.005% 
to 0.2% solution promptly decreases 50 to 50% of volatised 
Sulphides. 
0090 Extrasomatic tests show it kills the main pathogenic 
bacteria that cause dental caries, e.g. 99% min S. mutans. 
0091. It is effective against anaerobic bacteria. 
0092. Further tests show that it is efficacious against acti 
nomycetes of gingivitis, cocci, spirochetes caused by gingi 
Vitis, peridotites and gum bleeding. 
0093 Cleaning of Artificial Teeth 
0094 Gargle or soak in solution of 1 to 200 
0.095 Eye Care 
0096. The product can be used in the sterilisation of con 

tact lenses. Apply directly. The low dosage means it is harm 
less, non-toxic and does not irritate the eye; 
0097 Conjunctivitis, use 5 mg/L three times a day. Effec 

tive cure in three to five days; and the product is effective 
against Styes, blood shot eyes etc. 
0098 Aquaculture 
0099 Primarily for sterilisation, antisepsis and the 
increase of oxygen in the water. 
0100. The dosage is safe and non-toxic to shrimps, 
prawns, fish and shellfish. The pharmacodynamic time is one 
dosage effective for 10 to 15 days. 
0101 The effect is to increase the water quality by oxida 
tion when acting as a bactericide. It oxidises Sulphides. Cya 
nide etc., inorganic compounds, chloro-phenols, thio and 
2-tertiary amines and organic compounds that are harmful to 
shrimps and fish. 
0102 New bionomic oxygen is produced in the pond 
increasing the amount of dissolved oxygen. It effectively 
decreases the chemical oxygen consumption and values of 
ammonia and nitrogen in that environment. 
0103) Infectious bacteria, viruses and harmful algae are 
promptly killed in the pond. Prevents and cures all fish dis 
CaSCS. 

0104 Dosages in this area would preferably be in the 
region of 1500 to 1600 ml per cubic metre, evenly distributed. 
0105 Stockbreeding 
0106 Sterilisation, antisepsis and disease prevention. 
0107 Mushroom Growing 
0108 Sterilisation and antisepsis. 
0109 Animal Husbandry 
0110. The chlorine dioxide solution according to the 
invention kills the various bacterial breeding units, bacteria 
spores, viruses, pathogenic micro-organisms and their carri 
ers i.e. spores, Helminth, algae etc. 
0111. The product is able to treat and prevent foot and 
mouth disease, porcine erysipelas, porcine pnuemopathy and 
other diseases caused by anthracoid spores, porcine viruses 
etc. 

0112 Removes odours and keeps a clean environment in 
sheds etc. The solution can be used as a spray or used to 
fumigate. 
0113 Fruit and Vegetable Post Harvest 
0114 Sterilisation and antisepsis is achieved by dipping 
and washing. Bacteria and fungi are destroyed. Any remain 
ing pesticides are destroyed; the nett effect is to extend the 
shelf life of the product. 
0115. At Home 
0116 Removing odours in the refrigerator, place a solu 
tion in a bowl inside the fridge: 
0117 Toilet cleaning directly into the bowl; 
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0118 Dermatophytosis (Smelly Feet), wash feet and 
Socks in Solution. 
0119 Hospital and Medical 
I0120 Instruments Sterilisation and antisepsis Rinse; 
I0121 Wards Sterilisation and antisepsis Fumigate 
Removes odours; and 
0.122 Sewage Sterilisation and antisepsis Treat Direct. 
I0123 Miscellaneous Applications 
0.124 Odour Abatement; Fumigation; Food and Beverage 
Industry; 
0.125 Purifying water, cleaning plant and equipment, 
achieves sterilisation and antisepsis, apply as circumstances 
dictate; 
0.126 Marine and Meat Products: 
I0127. Shelf life extension and water quality, plant and 
equipment cleaning, 
0.128 Odour abatement; 
I0129. Water Circulation Systems Sterilisation, Iron and 
Manganese removal, algae control, apply directly to water 
I0130. Petroleum Industry; and 
I0131 Sterilisation, Iron and Manganese removal, algae 
control and bacteria control, apply directly to water. 
I0132 Weaving, Paper Making, Printing and Dyeing 
Industries 
0.133 Colour removal and Bleaching. 
0.134 Sewage Treatment 
I0135 Water Treatment in the Chemical, Textile, Paper 
making and Dyeing Industries, apply direct to water. 
I0136 General Food Industry 
0.137 Sterilisation of work areas, conveyors, pipelines, 
transport, drinking water, tools, plant and equipment, work 
ing clothes, masks and head gear, spray or soak with 1 to 400 
or 1 to 600 solution; and 
0.138 Hotels Restaurants and Food Preparation Industries, 

all hard surfaces, spray or soak with 1 to 200 solution. 
0.139 Around the Farm 

Item Concentration Method 

Drinking Water 1:5000-1:10000 Add directly to water 
Poultry Shed 1:200-1:500 Soak equipment for 5 mins 
Milk Inhaler 1:200-1:500 Wash and rinse 
Teat Disinfectant 1:200-1:500 Wash or spray direct 
Milk anti-corrosive 1:2000-1:5000 Add as per rate 
Disinfecting pipes 1:500 Wash and Flush 
Animal hooves 1:200-1:500 Soak and Wipe 
Working clothes 1:500 Soak pre wash 
Various containers 1:500-1:1000 Clean and sanitise 

BRIEF DESCRIPTION OF THE DRAWINGS 

0140. The invention will now be described in detail with 
reference to the following drawings in which 
0141 FIG. 1 shows an apparatus for the preparation of a 
chlorine dioxide solution; 
0.142 FIG. 2 shows a graph of the ability of the chlorine 
dioxide Solution to kill micro-organisms in fluids. 

DETAILED DESCRIPTION OF THE INVENTION 

0143. The applicant has found that aqueous CIO solu 
tions degrade in the following manner: 



US 2012/0225135 A1 

0144. Although acidic solutions Suppress the degradation, 
it is largely complete even in fairly acid environments. 
0145 The applicant has found that the presence of a cer 
tain amount of chlorite ion (CIO in the aqueous medium 
will help stabilise the presence of CIO in that solution. 
This CIO may be either 
a) added to the CIO solution after it is formed: 
b) be residually present from incomplete oxidation of a 
CIO solution to ClO; or 
c) result from the initial degradation of a pure CIO solution, 
where some of the CIO is reduced back to ClO—. 
0146 The basis for the surprising stability of the CIO in 
the presence of CIO, ion is putated to derive from the exist 
ence of a bimolecular charge-transfer complex involving one 
molecule each of CIO and CIO, as follows: 

0147 Thus, in solutions that contain both CIO and CIO, 
it can be expected that a portion of the CIO will be tied up in 
complex form, and not be available per se as free CIO. 
However it should be also noted that the oxidation potential of 
ClOI is reportedly higher than that of CIO, so that 
CIO Solutions also containing CIO, and therefore the com 
plex, ion would be expected to have a greater oxidation capac 
ity than might be expected from simply that calculated from 
the level of CIO present. This increased capacity would be 
expected to be associated with, for example, greater disinfec 
tion or a greater ability to destroy oral malodorants than a 
comparable CIO, solution with no additional chlorite present. 
0148. On the basis of the above data, and the theory under 
lying the need for a specific minimum amount of CIO-ion 
to be present with respect to CIO, in order for CIO, to achieve 
a certain level of stability in the aqueous solution, the molar 
ratio of ClO2—:CIO preferably should be at least 1:1, but 
not more than about 20:1. Above that relative amount of 
chlorite ion with respect to chlorine dioxide, a significant 
generation of CIO, from the CIO, will tend to create a 
desired increase of CIO in the aqueous solution over a period 
of time, rather than maintaining a fairly constant level. 
0149 Stability Testing 
0150. The following test was used to analyse the sample. 
0151. Two methods of testing stability have been 
employed. 
0152 Apparatus for the Preparation of a Chlorine Dioxide 
Stock Solution I: 

0153. The entire apparatus must be set up in a fume cup 
board. 

1. Connect the inlet of a 500-ml gas-washing bottle, filled 
with 100 ml of water GR, to a pure-air source or a com 
pressed-nitrogen cylinder fitted with a pressure-reduction 
manometer. 

2. Connect the outlet of this 500-ml gas-washing bottle with 
a PE tube to a gas-distribution tube fitted with a joint adapter 
into the left ground joint of a 500-ml three-necked flask that is 
standing on a magnetic stirrer, inserting the gas-distribution 
tube all the way to the bottom of the three-necked flask. Fill 
the three-necked flask with 100 ml of water GR. Place a 
100-ml dropping funnel with a Teflon cock plug and a pres 
sure-relief tube in position on the middle ground joint of the 
three-necked flask. 

3. Connect the right ground joint of the flask to the inlet of a 
500-ml gas-washing bottle. Fill 50 ml of the 1% sodium 
chlorite wash solution into this bottle. 
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4. Connect the outlet of this gas-washing bottle to the inlet of 
a 1000-ml gas-washing bottle, fitted with a sieving fit, con 
taining 500 ml of water GR. The 1000-ml gas-washing bottle 
serves as an absorberunit for the chlorine dioxide and must be 
cooled externally with iced water. Refer to FIG. 1. 
0154 Preparation of a Chlorine Dioxide Stock Solution I: 
0155 To prepare the chlorine dioxide stock solution I fill 
10g of sodium chlorite for synthesis, 250 ml of water GR, and 
a magnetic-stirrer rod approximately 2 cm long into the 500 
ml three-necked flask fill 25 ml of sulfuric acid 25% GR into 
the dropping funnel and close the funnel with a suitable 
ground-glass stopper. Stirring and the slow, dropwise addi 
tion of the sulfuric acid set off the development of the gaseous 
chlorine dioxide in the three-necked flask. Refer to FIG. 1. 
0156 The gaseous chlorine dioxide is expelled by blowing 
pure air or nitrogen as the carrier gas through the apparatus, in 
which process the gas-washing bottle containing water GR to 
the left of the three-necked flask serves as a bubble gauge. The 
gas-washing bottle to the right, filled with 50 ml of the 1% 
Sodium chlorite wash Solution, removes any traces of chlorine 
that may be present as a result of the formation of chlorine 
dioxide from sodium chlorite. The chlorine dioxide is col 
lected or absorbed in the 1000-ml gas-washing bottle con 
taining 500 ml of cooled water. The rate of flow of the carrier 
gas must be metered in Such a way to ensure that the formed 
chlorine dioxide is promptly expelled. The stock solution I 
(from the 1000-ml gas-washing bottle), prepared according to 
the above schedule, can contain 250-600 mg/l of chlorine 
dioxide. 
(O157. The sulfuric acid set off the development of the 
gaseous chlorine dioxide in the three-necked flask. Refer to 
FIG 1. 
0158 Titrimetric Assay of the Chlorine Dioxide Stock 
Solution I: 
0159. In a 250-ml conical flask with a ground-glass stop 
per mix 2 g of potassium iodide GR, 50 ml of water GR, and 
2 ml of sulfuric acid 25% GR. Into this solution pipette 25 ml 
of the chlorine dioxide stock Solution I using a Volumetric 
pipette. Leave the mixture to stand in the closed flask for 5 
minutes in the absence of light. Titrate the released iodine 
with sodium thiosulfate solution 0.1 mol/l against Zinc 
iodide-starch solution GR as the indicator. The colour 
changes from blue to colourless. Make a note of the amount of 
sodium thiosulfate solution 0.1 mol/l consumed in the titra 
tion step. 
(0160 
Pipette: 
0.161 To pipette the chlorine dioxide stock solution I, 
when expelling the pipette contents it is important always to 
insert the tip of the volumetric pipette in the solution previ 
ously filled into the conical flask as a measure to minimize 
any loss of the analyte. 
(0162 Calculation: 
0163 mg chlorine dioxide per ml stock solution I-AxNx 
13.49 ml sample 
0164 A=Consumption of sodium thiosulfate solution 0.1 
mol/l 
N=Normality of the sodium thiosulfate solution 0.1 mol/ 
1=0.1 
0.165. The chlorine dioxide stock solution I prepared in 
this manner is used to prepare diluted working solutions (e.g. 
100 mg/l). These dilutions must be used immediately, since 
they remain stable for a maximum time of one hour in the 
closed volumetric flask. 

Notes Regarding Pipetting with the Volumetric 
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0166 Example for the preparation of a working solution 
of 100 mg/l chlorine dioxide: 
0167. It has, for example, been titrimetrically calculated 
that the chlorine dioxide Stock Solution I has a concentration 
of 1.25 mg chlorine dioxide per ml. The following formula is 
employed for the preparation of a 100-mg/l chlorine dioxide 
working solution: 100/1.25–80 
0.168. In other words, 80 ml of the 1.25 mg/ml chlorine 
dioxide stock solution is measured into a 100-ml volumetric 
flask with a buret and made up to the mark with water GR. The 
concentration is now 100 mg/l chlorine dioxide. 
(0169. Results 
0170. It is a constant feature of the literature that if chlo 
rine dioxide in aqueous solution away from UV light and 
under 30 degrees Celsius will have along shelf-life. Secondly 
it was found various plastics were more accommodating of 
chlorine dioxide than others. The literature pointed to HDPE. 
0171 Therefore a batch was prepared using the system 
described in Chemistry and Manufacturing p. 17. 
0172. The batch was tested for the concentration of chlo 
rine dioxide using US-Standard Methods AWWA, APHA, 
WCPF 17' Edition (1989) described above the results are 
printed in Table 1 below. The results showed stability based 
on a 96 day trial. 
0173 Two further samples from the original batch were 
taken one was packed in an amber coloured PET bottle and 
the second in a HDPE plastic pouch. 
0.174 Both were placed in an area out of direct sunlight 
and further the second sample was protected from light by a 
cardboard box. 
(0175 Measurements of their voltage were taken using an 
ORP meter in accordance with the testing procedure 
described in the ORP related articles above. 
0176 The results are printed below in Tables 1, 2, and 3. 
0177. The trials were discontinued at 96 days, 9 months 
and 14 months. 
0.178 If the solution were to kept and below 30 degrees 
Celsius and out of direct sunlight then a safe shelf-life would 
be about 12 months. 

TABLE 1. 

Storage Stability Test - Chlorine Dioxide 

Test Statistical Analysis 

Level Air Re 
0.13 ppm Wol Found Taken Std covery 
CIO. (L) ppm ppm in Mean Dew CV (%) 

Day 1 6 O.133 O.130 
2 0.128 O.130 
6 O. 128 O.130 
7 O.126 O.130 
9 O. 115 O.130 

O4. O.127 O.130 
6 O.126 O.OO6 O.O47 97.1 

Day 5 6 O.12S O.130 
2 0.122 O.130 
6 O. 117 O.130 
7 O.123 O.130 
9 O.12S O.130 
O4 0.118 O.130 

6 O.122 O.OO3 0.028 93.6 
Day 15 6 O.133 O.130 

2 0.129 O.130 
6 O.127 O.130 
7 0.125 O.130 
9 O.131 O.130 

O4. O.1573 O.130 
S. O.129 O.OO3 O.O2S 99.2 

Sep. 6, 2012 

TABLE 1-continued 

Storage Stability Test - Chlorine Dioxide 

Test Statistical Analysis 

Level Air Re 
0.13 ppm Wol Found Taken Std covery 
CIO, (L) ppm ppm in Mean Dew CV (%) 

Day 30 6 0.126 O.130 
2 O.130 O.130 
6 0.130 O.130 
7 O.128 O.130 
9 O.12S O.130 
O4 0.161* O.130 

S. O.128 O.OO2 0.018 98.3 
Day 48 6 0.131 O.130 

2 O.131 O.130 
6 0.127 O.130 
7 O.128 O.130 
9 O.127 O.130 
O4 0.1648 O.130 

S. O.129 O.OO2 O.O16 99.1 
Day 96 6 0.137 O.130 

2 O.132 O.130 
6 0.128 O.130 
7 O.133 O.130 
9 LLA O.130 
O4 0.161* O.130 

4 0.133 O.004 O.O28 102 

LLA = Lost in Analysis 
*Outlier—not used in statistical analysis 

(0179 ORP Stability Tests 
0180. The second method used to prove stability is that of 
Oxygen reduction potential. 
0181 ORP technology has been gaining recognition 
worldwide and is found to be a reliable indicator of bacterio 
logical water quality for sanitation—determine free-chlo 
rine parameter. In Swimming pool application, the ideal ORP 
value is approximately 700 mV where the Kill Time of E. coli 
bacteria is the fastest to ensure good water quality. 
0182. As can be seen from the results shown I FIG.2, ORP 
indicates that most micro-organisms are killed in fluids in 
excess of 650 mV. Our results show that the ORP level of our 
product is constantly above 900 mV. Samples were kept in an 
office environment in Richmond on an exposed bench. 
0183 Sampling Equipment EUTECH INSTRUMENTS 
Waterproof ORPTestr 10 

TABLE 2 

Sample PET bottle 

Date Year 2005 mV 

April 20 975 
May 10 98O 
May 20 971 
June 12 970 
June 21 96S 
July 10 96.O 
July 20 954 
Aug. 8 926 
Aug 24 96.O 
Sept 5 955 
Sept 20 954 
Oct 12 948 
Oct 28 941 
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TABLE 3 

Card Board Wine Cask 

Date Year 2005, 2006 mV 

July 7 970 
July 18 98O 
August 3 987 
August 24 1143 
September 5 1135 
September 20 1130 
October 21 1036 
November 29 977 
January 18 1021 
March 14 1008 
April 20 991 
May 11 970 
June 2 970 
July 12 975 

0184 Fruit and Vegetable Industries 
0185. For many years fresh produce industries have been 
searching for an effective ready to use sanitiser that rapidly 
destroys all types of microorganisms and also provides maxi 
mum employee and environmental safety. 
0186. Likewise horticultural operations have been seeking 
broad-spectrum ecocides without harmful residuals or long 
lasting withholding periods. 

One Preferred Embodiment 

Preparation OFS1000 to Make 200 Litres 
0187 Ingredients are marked either 'A' (sodium chlorite), 
“B” (hydrochloric acid) and “C” (sodium chlorite)—it being 
Surprisingly found that the order of mixing of said compo 
nents being essential to providing a unique Solution of chlo 
rine dioxide that has the Surprising advantage of affording a 
sanitiser which remains stable overhitherto unimagined peri 
ods of time. 
0188 The unique method and resultant end product leads 
to reduced wastage of raw materials, a serious saving of time 
and resources, and an end product which satisfies a long-felt 
want in the marketplace. 
(0189 take 500 grammes of “A” and add to 198 litres of 
Water 

0.190 wait for five minutes for “A” to dissolve 
(0191 add 500 mls of agent “B” 
(0192 add 1 litre of 30 to 32% hydrochloric acid to 1 litre 
of water. 

0193 (always add acid to water) 
0194 take 20 grammes of agent “C” and add to acid and 
water—a reaction will take place resulting in bubbling, heat 
and the giving off of a yellowish green gas. 
0.195 when reaction is under way pour into holding vessel 
0196) screw down tops 
0197) The inventor has experimented with the process and 
has come up with the following variation: 
0198 Steps 1 and 2 remain the same 
0199 Step 3 changes. Rather than reacting the compound 
in the acid/water diluent one variation is to now add the 
necessary amount of compound C into the container (without 
reacting it) THEN ADD THE ACID/WATERMIX 
0200. This makes for a better reaction and a safer one as 
one is not exposed to the gas as it is made. The draw back is 
that the reaction is slower and the finished goods must be left 
overnight for the reaction to take place completely. 
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0201 Nevertheless, the process is safer and also allows for 
a stronger concentration of the active. What it means of course 
is that this will necessitate a certain amount of pre-planning as 
make-up cannot be left to the last minute. 
0202. Where can Chlorine Dioxide be Used 
0203 Post harvest sanitation of fruit and vegetables sur 
face through flume wash to improve shelf life and freshness. 
0204 Removal of unwanted human pathogens on the sur 
face of fruit and vegetables including E. coli and Listeria. 
0205 No rinse sanitation of equipment used to harvest 
produce. 
0206 Disinfection of flume and process waters including 
dump tanks and spray lines. 
0207 Sanitation of hard surfaces. 
0208 Reduction of pathogen load of amongst others: 

Alternaria Aspergilius 
Botrytis 
Cladosporium Colleiotrichtim Cylindocarpon 
Downey Mildew 
Erwina European Canker 
Fusaritin 
Pencilium Phoma Phytophora Powdery Mildew 

(0209 Drench Washing 
0210 Washing of the produce is undertaken in baths. This 
wash water is responsible for removing mainly soils off the 
produce. Hence microbial loading of the water increases, 
thereby offering a contamination vector of the other produce. 
It is therefore essential to treat this wash water with a disin 
fectant in order to improve and control the microbial quality 
of the water. In this way, one is able to offer some surface 
microbial reduction on the produce, thereby extending the 
shelf life. 
0211 When looking at reductions in counts there 3 are 
factors that determine the efficacy of the disinfecting solu 
tion: contact time, concentration and turbulence (turbulence 
within wash solutions). The shorter the contact time and the 
absence of turbulence require a higher concentration of Chlo 
rine Dioxide. 
0212. Therefore, if washing of produce is under taken in a 
proper bath where there is water turbulence that drives the 
produce through the packing line. The recommended dosage 
is 250-500 ml to 1 Litre of Chlorine Dioxide per 1000 Litres 
water, with a contact time of 1 minute. 
0213 Washing of Deciduous Fruit 
0214 Deciduous fruit is washed in dump tanks or spray 
units with a disinfectant in order to inactivate the spores of the 
post harvest fungal diseases and to reduce bacterial contami 
nation inwash waters from a food safety perspective. In many 
instances the water used is of poor quality in that it contains 
Suspended solids, organics and is microbiologically contami 
nated. These factors complicate the requirements of meeting 
the customer's need of high quality fresh produce with no 
spoilage. 
0215 Dosage 
0216 250 ml to 500 ml Chlorine Dioxide per 1000 Litres 
of water 
0217 Washing of Citrus Fruit 
0218 Citrus is washed in dump tanks or high pressure 
spray units with a disinfectant in order to inactivate the spores 
of the post harvest fungal diseases and to reduce bacterial 
contamination in wash waters from a food safety perspective. 
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In many instances the water used is of poor quality in that it 
contains suspended solids, organics and is microbiologically 
contaminated. These factors complicate the requirements of 
meeting the customer's need of high quality fresh produce 
with no spoilage. 
0219 Citrus Dosage 
0220 1 Litre Chlorine Dioxide per 1000 litres of water 
0221 Potatoes 
0222 Dose Potato dipping tank 
0223 2-4 Litres per 1000 lt of water 
0224 Product should topped up when dipping tank has 
lost 10% of tank volume 
0225. Dipping tank mix should be replaced every 50,000 
kg of seed. 
0226 Plant and Machinery should be disinfected every 
before use 
0227 Sprayed with Knapsack 400 ml per 20 L of water 
0228 Hydroponics 
0229 Hydroponics or intensive farming needs strict bio 
security control to eliminate the various vectors that can be 
used to spread disease in a hydroponics facility. We need to 
focus on each aspect to reduce the potential for the spread of 
disease by. 
0230 Treatment offertigated water (fertiliser, nutrient and 
biological control agent (BCA) mixes) to prevent the spread 
of root diseases such as pythium, fitsarium, phytophora, alter 
naria and rhizoctonia microorganisms. This is particularly 
necessary where nutrient gravel film systems are used where 
the fertigated water is continually re-cycled or where regula 
tions require the fertigated water to be re-cycled. Dosage: 40 
ml to 100 ml of Chlorine Dioxide per 1000 Litres of water. (2 
L to 5 L per 50 000 Litres of water). 
0231 Dry Packing (I.e. Lettuces that are Packed Whole) 
0232. When produce is packed without washing, spraying 
with Chlorine Dioxide onto the produce, especially onto the 
cut ends and damaged areas, extends the shelf life. This will 
impact on the shelf life by reducing oxidative browning and 
microbial rot of produce. Chlorine Dioxide can be applied as 
a very fine spray onto the produce (do not wet the produce); 
this is done at a dosage of 2.5 L Chlorine Dioxide per 1000 
Litres of water. 
0233 Hydro Cooling of Produce 
0234 Chlorine Dioxide has been successfully used in the 
hydro cooling of vegetables as it can inactivate microorgan 
isms at refrigeration temperatures. The typical dosage is 1 L 
of Chlorine Dioxide to 1000 litres of water. We have found 
that not only do we keep the produce free of fungal contami 
nation but the copper coils are also kept clean during the 
cooling cycles as well. 
The list of vegetables, which have been treated, include, 
amongst others: 
0235 Beans; Carrots; Celery; Ginger; Lettuce, Melons; 
Onions; Okra; Peas; Parsnips; potatoes; Sweet potatoes; and 
Tomatoes. 

0236. Fruit and Vegetables 
0237 Vegetables 
0238 Vegetables of all kind are washed, cut and packed 
(e.g. in plastic bags). Customers are Supermarkets and fast 
food producers. 
0239 Previous Treatment 
0240. Usually Chlorine is used for microbiological con 

trol with concentrations varying between 100-200 ppm. 
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0241 Problems with Previous Treatment 
0242 Chlorine created a smell problem during processing 
in the processing hall with operators complaining of eye and 
skin irritation. 
0243 pH very often above 7.5 where microbiological 
treatment is often not effective with chlorine. 
0244 Batch Washing, Case Studies 
0245 Water change every 6-8 hrs. typical dosage: 6 ppm 
0246 Spraying. Typical Concentrations 
0247 Onion rings 6 ppm 
0248 Carrots 1 ppm 
0249 Benefits of Chlorine Dioxide 
(0250) Shelflife increased by factor 3 
0251 Smell problem decreased significantly. 
0252 Washing of Cut Lettuce Quality Requirements: 
0253 Salmonella Zero 
0254 Listeria Zero 
0255 E. coli Zero. 
0256 Must pass sensory evaluation test criteria (no chlo 
rine taste). 
0257 Appearance of lettuce must be good. 
(0258 TPC must be within guidelines at day 10. 
(0259 TPC=Total Plate Count (microbiological surface 
contamination) 
0260 Description of Old Chlorine Disinfection System. 
0261 Chlorine at 100-200 ppm. Dosed using sodium 
hypochlorite 12.5% 
0262 Terrible chlorine smell in factory with workers com 
plaining of eye and skin irritations. 
0263 Impossible to control chlorine residual and required 
manual chemical addition every 15 minutes 
0264 pH control not possible as always creeping high. 
0265 Required to dump a lot of water to maintain chlorine 
residual which was high cost for chilling and extra ice 
0266 E. coli was not always Zero. 
0267 Always concerned about Listeria as Listeria not 
affected by chlorine at low temperatures 
0268 TPC at day Zero was inconsistent usually 1x10, 
3x10 and occasional 1x10 counts 
0269. Description of CIO, System 
0270. Chlorine dioxide at 1.0 ppm in 2 stage wash. First 
wash stage is 8 deg. C. and second wash stage is 2 deg. C. 
0271 Dosing is done automatically and automatic 
residual control. 
0272. No chemical smell in the factory at all. 
0273 Operators do a check on the dosing equipment every 
hour or so but do not add any chemicals manually. 
0274 pH is automatically controlled to 7.5. 
0275 Very little dumping of water and only chilled water 

is used. Chemical running cost is very low. 
0276 E. coli is always Zero. 
0277 No concerns about Listeria as CIO will easily kill 
Listeria at low temperatures. 
0278 TPC at day Zero is consistent and always less than 
7x10 
0279 Producer of Frozen Corn Cobs, Kernels and Peas. 
0280 General process water contains 0.5 ppm chlorine 
(town Supply). 
(0281 Process Description 
0282 General process water contains 0.5 ppm chlorine 
(town Supply). 
0283 Wash water is process water with 2 ppm chlorine 
dioxide added by metering device. 
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0284 Corn is blanched and then cooled down. As the corn 
is cooling, microbiological growth can occur. 
0285. The corn is cooled by water spraying with 2 ppm 
chlorine dioxide (critical stage). 
0286 Advantages/Benefits: 
0287. No taste and odour influence on the corn. 
0288 CIO, works well in an environment of high organic 
loading. 
0289. No chlorine smell in the factory hall. 
0290 Easy generation, dosing and control of disinfection. 
0291 Processing of Spinach 
0292 Processing steps: 
0293 Spinach is moved dry (removing of beetles and cat 
erpillars) 
0294 Washed with cold tap water 
0295 Blanching at 80°-90° C., cooling 
0296. The water from the last blanching segment in taken 
to a cooler 
0297 Production 
0298. Two processing lines, each 12 T/hr 
0299 Make-up water per line 12 m/hr 
0300 Dosing of CIO, 
0301 In the cooler CIO, is dosed, time proportional, inter 
cooled with the last Zone of the washing machine, dose: 100 
g/hr 
0302 Processing of Tomatoes 
0303 Tomatoes are brought to the processing factory by 
truck and then transported by flume to the tomato paste pro 
duction area. Chlorine Dioxide is used to destroy moulds on 
the tomatoes and in the flume tank. 
0304 Processing Steps: 
0305 Tomatoes are dumped from the truck onto a con 
veyor. 
0306 Coarse rinse with town water sprays to remove dirt 
and stems, leaves etc. 
0307 Tomatoes fall into flume tank (20 m). The flume 
water is pumped to the sorting conveyor and back in a closed 
circuit with the tomatoes. Operators remove unacceptable 
product. 
0308 Make-up condensate water is continually added (5 
m/hr) from the tomato paste process. 
0309 Chlorine Dioxide is dosed into the flume water to 
maintain concentration of 0.2-0.4 ppm of ClO. pH of the 
flume water goes to 4.0 and this is not corrected as it is 
acceptable. 
0310 Method of Concentration Control: 
0311 Directly into flume. By-pass water is the condensate 
flow. 
0312 Control to 650 mV 
0313 This system is only used in wet weather and occa 
sionally during dry weather. Mould is a bad problem when 
there is a lot of rain during harvest. 
0314 Previous Treatment 
0315 Used sodium hypochlorite and due to the high con 
centration of organic material in the flume water, had diffi 
culty maintaining any free chlorine residual. This meant that 
moulds were not controlled and surfaces were fouled. In 
addition, operators would occasionally stop work due to chlo 
rine Smell in the Sorting area. 
0316 Advantages/Benefits 
0317 Low concentration of chlorine dioxide is very effec 

tive in destruction of moulds on the tomatoes. These moulds 
would negatively affect the past production process if present. 
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0318 Low concentration of chlorine dioxide is very effec 
tive in destruction of moulds in the flume water. Ifuntreated, 
the moulds attach to Surfaces of tanks and flumes and look 
like “meat’. Eventually, they foul screens and smell. 
0319 Chlorine dioxide effective at pH 4.0 
0320 No smell for operators 
0321 Very low running costs 
0322 No chlorinated organic by-products. 
0323 Possible build up of chlorite in the flume tank can 
affect the skin of operators when they handle the tomatoes i.e. 
hands, arms and face. If they wear gloves then this can be of 
help. 
0324 Processing of Potatoes 
0325 Potatoes are brought to the processing factory by 
truck and placed into heaps. They are then washed and cut 
into french fry shapes prior to freezing. Water used for pro 
cessing is from a dam. It is flocculated and disinfected with 
chlorine dioxide. 
0326 Processing Steps: 
0327 Potatoes are cut and washed with chlorine dioxide 
treated water. 
0328. Chlorine Dioxide is flow pace dosed into the treated 
water at a dose of 1.0 ppm to maintain concentration of 0.5 
ppm of ClO. 
0329 Method of Concentration Control: 
0330 Dosing directly into treated water 
0331 Previous Treatment 
0332 Previously used sodium hypochlorite and due to the 
high concentration of organic material in the dam water, had 
difficulty maintaining any free chlorine residual into factory. 
Processed product was developing an unusual taint. Chlorine 
dioxide treatment removed the taint. 
0333 Advantages/Benefits: 
0334 Chlorine dioxide dose at 1 ppm was a better micro 
biological control agent than chlorine at 5-10 ppm. 
0335. No product taint. 
0336 Automatic operation simple and effective 
0337 Very low running costs 
0338 No chlorinated organic by-products. 
0339) Processing of Citrus 
0340 Washing stage: Immersed in water containing chlo 
rine dioxide. 
0341 Aim is the reduction of 
0342 Geotrichum Candidum Sour Rot Spores; 
0343 Penicillium Digitatum blue mould; and 
0344 Green mould. 
(0345 Results: 
0346) 2 ppm CIO dosage 
(0347 0.35 ppm CIO, residual 
0348 Dosage are controlled via redox as wash water is 
very dirty. 
(0349 Wash water temperature 20 deg. C., pH 8 
0350 Outturns significantly less with ClO than previous 
Nylate (bromine) or chlorine treatment 
0351. No taste or odour problems with the oranges. 
0352. Shelf life increased threefold. 
0353 Elimination of need for fungicide 
0354) Other Issues 
0355 Exhaust system was necessary for removal of excess 
CIO, and airborne spores. 
0356. A “Food Stock Manufacturer 
0357 Processing Steps: 
0358. Onions are cut and fried on a hot plate resulting in 
complaints regarding cooking odours in industrial area. 
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0359 Continuous fog of Chlorine Dioxide into extraction 
hood mixed at 5 Litres per 100 Litres of water and fogged at 
3.5 Litres per Hour. 
0360 Method of Concentration Control 
0361 Dosing directly into treated water 
0362 Previous Treatment 
0363 None 
0364 Advantages/Benefits: 
0365. Odours eliminated 
0366. No product taint. 
0367 Automatic operation simple and effective 
03.68 Very low running costs 
0369. No chlorinated organic by-products. 
0370. An Apple Orchardist 
0371 Packs fruit for local markets in a year round opera 

tion. Water in the flume gets very discoloured and malodorous 
from decayed fruit ex cool store and CA storage. Flume and 
water dump approximately 14,500 Litres capacity. 
0372 Processing Steps: 
0373 Shock dose 10 Litres Chlorine dioxide. 
0374. Add 3 Litres each week when “topping-up' water 
level. 
0375 Method of Concentration Control: 
0376 Dosing directly into treated water 
0377 Previous Treatment: 
0378 Chlorine. 
0379 Advantages/Benefits: 
0380 Water visibly clearer and not malodorous. 
0381. No product taint 
0382. No product taint. 
0383 No fermentation of pulpy fruit in the waste bins 
0384 Simple and effective. 
0385 Very low running costs 
0386 No chlorinated organic by-products. 
0387 Client intends to drench apples, pears, peaches prior 
to cool storage to prevent spoilage organisms infecting stem 
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0388 A Medical equipment supplier Sales of new and 
used equipment plus Hire 
0389. A special inflatable mattress returned from hire with 
bad Smoke odours 
0390 Processing Steps: 
0391 Wash with 1 litre Chlorine dioxide to 10 Litres of 
Water. 

0392 Leave in shade for 30 minutes and allow to dry in air 
0393 Method of Concentration Control: 
0394 Dosing directly into water 
0395 Advantages/Benefits: 
0396 Mattress completely odour free 
0397) Mattress sanitised 
0398. No need to throw the mattress away. 
0399. No fermentation of pulpy fruit in the waste bins 
0400 Automatic operation simple and effective 
04.01 Very low running costs 
0402. No chlorinated organic by-products. 
0403. Fumigation 
04.04 SARD. (Specific Apple Replant Disorder) 
04.05 Disease Controls 
0406 For the control of soil borne fungal and bacterial 
pathogens 
0407 Directions for Use 
0408 1. Work ground to a fine tilth before rain. 
04.09 2. Apply Chlorine Dioxide at a rate of 60 Litres per 
ha, plus an Organo-Silicone such as Rhino at 100 mls/100 
lt. 

0410. 3. Apply a minimum of 500 Litres of water per ha. 
0411. 4. Incorporate into soil by renovator immediately. 
0412 5. Plant trees/plants into ground. 
0413 6. Individual plant applications should be made at 1 
L per 100 L plus Organo-Silicone such as Rhino (a) 100 
mlS/100 lt 

0414 Apply a minimum of 20 Litres of mixed product per 
planting hole. 
0415. A soil conditioner and/or nutritional supplement 
should follow all applications. 

punctures etc. 0416 Bacterial pathogens isolated from raw vegetables 

Vegetable Country Pathogen Prevalence % Reference 

Alfalfa U.S.A Aeromonas Callister (1989) 
Artichoke Spain Saimoneia 3.25 12. Ruiz et al. (1987b) 
Asparagus U.S.A Aeromonas Berrang et al. 
Bean sprouts Malaysia L. monocytogenes 85 

Malaysia Saimoneiia 2O Arumugaswamy 
Sweden Saimoneiia Andersson Jong 
Thailand Saimoneiia 8.7 Jerngklinchan (1993) 

Beetleaves Spain Saimoneia 4/52 7.7 Ruiz et al. (1987b) 
Broccoli Canada L. monocytogenes 13.3 Odumeru et al. (1997) 

U.S.A Aeromonas Berrang et al. (1989) 
U.S.A Aeromonas 5, 16 31.3 Callister Agger 

Cabbage Canada L. monocytogenes 2.2 Schlech et al. (1983) 
Canada L. monocytogenes 1/15 6.7 Odumeru et al. (1997) 
Mexico E. coii O157:H71.4 2SO Zepeda-Lopez (1995) 
Peru V chioierae Swerdlow etal. 
Saudi Arabia L. monocytogenes Salamah (1993) 
Saudi Arabia . enterocolitica Salamah (1993) 
Spain Saimoneia 7/41 17 Ruiz et al. (1987b) 
U.S.A C. bointinum 1,337 O.3 Lilly et al. (1996) 
U.S.A L. monocytogenes 1/92 1.1 Heisicket al. (1989b) 

Carrot Lebanon Staphylococcits 14.3 Abdelnoor et al. 
Saudi Arabia L. monocytogenes Salamah (1993) 
Saudi Arabia . enterocolitica Salamah (1993) 
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-continued 

Vegetable Country Pathogen Prevalence % Reference 

Cauliflower Netherlands Saimoneia /13 7.7 Tamminga et al. 
Spain Saimoneia 1.23 4.5 Ruiz et al. (1987b) 
U.S.A Aeromonas Berranget al. (1989) 

Celery Mexico E. coii O157:H7 6.34 17.6 Zepeda-Lopez (1995) 
Spain Saimoneia 2.26 7.7 Ruiz et al. (1987b) 

Chili Surinam Saimoneia 5/16 31.3 Tamminga et al. 
Cilantro Mexico E. coii O157:H7 8.f41 19.5 Lopez et al. (1995) 
Coriander Mexico E. coii O157:H7 2,10 2O.O Lopez et al. (1995) 
Cress sprouts U.S.A B. ceretis Portnoy et al. (1976) 
Cucumber Malaysia L. monocytogenes 4/5 8O Arumugaswamy 

Pakistan L. monocytogenes 1:15 6.7 Vahidy (1992) 
Saudi Arabia L. monocytogenes Salamah (1993) 
Saudi Arabia . enterocoitica Salamah (1993) 
U.S.A L. monocytogenes Heisicket al. (1989b) 

Eggplant Netherlands Saimoneia 2.13 1.5 Tamminga 
Endive Netherlands Saimoneia 2.26 7.7 Tamminga 
Fennel Italy Saimoneia 489 71.9 Ercolani 
Green onion Canada Campylobacter 1/40 2.5 Park, Sanders 
Leafy veg. Malaysia Saimoneia 1/24 4 Arumugaswamy 

Malaysia L. monocytogenes 22 22.7 Arumugaswamy 
Leeks Spain L. monocytogenes 2O de Simon et al. 
Lettuce taly Saimoneia 82,120 

Canada Campylobacter 2/67 3.1 Park, Sanders (1992) 
Canada L. monocytogenes 3/15 2O Odumeru et al. (1997) 
Lebanon Staphylococcits 14.3 Abdelnoor et al. (1983) 
Netherlands Saimoneia 228 7.1 Tamminga et al. (1978) 

Lettuce Saudi Arabia L. monocytogenes Salamah (1993) 
Saudi Arabia . enterocoitica Salamah (1993) 
Spain Saimoneiia Ruiz et al.(1987b) 
U.S.A Aeromonas Callister, Agger (1989) 

Mungbean U.S.A Saimoneiia O. Mahony et al. (1990) 
Mushrooms U.S.A C. jejuni 3/200 1.5 Doyle, Schoeni (1986) 
Mustard cress U.K. Saimoneiia Joce et al. (1990) 
Mustard sprouts U.S.A B. ceretis Portnoy et al. (1976) 

Canada Campylobacter 1f42 2.4 Park, Sanders (1992) 
Parsley Egypt Shigella 1/250 0.4 Satchell et al. (1990) 

Lebanon Staphylococcits 7.7 Abdelnoor et al. (1983) 
Spain Saimoneia1.23 4.3 Ruiz et al. (1987b) 

Pepper Canada L. monocytogenes 1:15 6.7 Odumeru et al. (1997) 
Sweden Saimoneiia Andersson et al. (1989) 
U.S.A C. bointinum 1,201 O.S Lilly et al. (1996) 
U.S.A Aeromonas Callister, Agger (1989) 

Potatoes Saudi Arabia L. monocytogenes Salamah (1993) 
Saudi Arabia . enterocoitica Salamah (1993) 
Spain L. monocytogenes 2/12 16.7 de Simon et al. (1992) 
U.S.A L. monocytogenes 19/70 27.1 Heisicket al. (1989a) 
U.S.A L. monocytogenes 28, 132 21.1 Heisicket al. (1989b) 
Canada Campylobacter 1763 1.6 Park and Sanders (1992) 

Prepack salads N. Ireland L. monocytogenes 3/21 14.3 Harvey, Gilmour 
U.K. L. monocytogenes 4/60 13.3 Sizmur, Walker (1988) 
U.K. L. monocytogenes Velani, Roberts (1991) 

Radish Lebanon Staphylococcits 6.3% Abdelnoor et al. (1983) 
Saudi Arabia L. monocytogenes Salamah (1993) 
Saudi Arabia . enterocoitica Salamah (1993) 
U.S.A L. monocytogenes 25/68 36.8 Heisicket al. (1989a) 
Canada Campylobacter 2.74 2.7 Park and Sanders (1992) 
U.S.A L. monocytogenes 19,132 14.4 Heisicket al. (1989b) 

Salad greens Egypt Saimoneia 1/250 0.4 Satchell et al. (1990) 
U.K. S. aureus 13.256 S.1 Houang et al. (1991) 

Salad veg. Canada L. monocytogenes 6.15 40 Odumeru et al. (1997) 
Egypt Shigella 3/250 1.2 Satchell et al. (1990) 
Egypt S. aureus 3,36 8.3 Satchell et al. (1990) 
Spain Aeromonas 2.33 6.1 Garcia-Gimeno (1996a) 
Spain L. monocytogenes 30 Garcia-Gimeno. 
U.S.A Staphylococcits Harris et al. (1975) 
Germany L. monocytogenes 6,263 2.3 Breer (1992) 
N. Ireland L. monocytogenes 4,16 25 Harvey, Gilmour (1993) 
U.S.A C. bointinum 2.82 2.4 Lilly et al. (1996) 
U.K. enterocolitica Brockelhurst (1987) 

Seed sprouts Canada Staphylococcus 13/54 24 Prokopowich (1991) 
Soybean sprouts U.S.A B. ceretis Portnoy et al. (1976) 
Spinach Canada Campylobacter Park and Sanders (1992) 

Spain Saimoneia 260 3.3 Garcia-Villanova (1987b) 
U.S.A Aeromonas 2.38 5.2 Callister, Agger (1989) 
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Vegetable Country Pathogen Prevalence% 

Sprouting seed U.S.A B. cereus 56.98 57 
Tomato Pakistan L. monocytogenes 2/15 13.3 

Egypt Saimoneia 2.250 O.8 
France enterocolitica. 458 7 
France enterocolitica. 1530 50 
Iraq Saimoneia 3.43 7 
Italy L. monocytogenes 7,102 6.9 
Italy enterocolitica 1 102 1.O 
Spain L. monocytogenes 8/103 7.8 
Spain Saimoneia 46,849 5.4 
Taiwan L. monocytogenes 6.49 12.2 
U.K. L. monocytogenes 4,64 6.2 
U.S.A Saimoneia 450 8.O 

Examples of pathogens associated with fruits and vegetables 
involved in outbreaks of food-borne disease 

Agent Implicated Suspected food Reference 

Bacilius cereus Sprouts Portnoy et al. (1976) 
Campylobacter Cucumber Kirk et al. (1997) 
Campylobacterieitini Lettuce CDC (1998) 
Clostridium botulinum Vegetable salad PHLS (1978) 
Cryptosporidium Apple cider CDR (1991) 
Cyclospora Raspberries Herwaldt et al. (1997) 
E. Coii O157 Radish sprouts WHO (1996) 
E. Coii O157 Applejuice CDC (1996) 
E. Coii O157 Apple cider Beser et al. (1993) 
E. Coii O157 Iceberg lettuce CDR (1997) 
Fasciolia hepatica Watercress Hardman (1970) 
Giardia Vegetables, incl. Mints et al. (1992) 

carrots 

Hepatitis A virus Iceberg lettuce Rosenblum et al. (1990) 
Hepatitis A virus Raspberries Ramsay et al. (1989) 
Hepatitis A virus Strawberries Niu et al. (1992) 
Norwalk virus Tossed salad Lieb et al. (1985) 
Saimoneiia Agona colleslaw & Clarket al. (1973) 

onions 
Saimoneiia Miami watermelon Gayler et al. (1955) 
Saimoneiia Oranienburg CDC (1979) 

watermelon 
Saimoneiia Poona cantaloupes CDC (1991) 
Saimoneiia Saint-Paul beansprouts O. Mahony et al. (1990) 
Saimoneiia Stanley alfalfa sprouts Mahon et al. (1997) 
Saimoneiia Thompson root Kano et al. (1996) 

vegetables 
Saimoneiia Dried seaweed Kano et al. (1996) 
Shigella flexneri Mixed salad Dunn et al. (1995) 
Shigella sonnei Iceberg lettuce Kapperud et al. (1995) 
Shigella sonnei Tossed salad Martin et al. (1986) 
Vibrio chioieae Salad crops & Shuval, et al. (1989) 

vegetables 

0417 Pathogens of Most Concern 
0418 Salmonella 
0419. The antigenic scheme for classifying salmonellae 
recognizes more than 2300 serovars and, while all can be 
considered human pathogens, only about 200 are associated 
with human illness. 
0420 Shigella 
0421 Bacillary dysentery or shigellosis is caused by Shi 

gella, of which there are four species: S. dysenteriae, S. flex 
neri, S. boydii and S. sonnei (Maurelli and Lampel, 1997). 
Most cases of shigellosis result from the ingestion of food or 
water contaminated with human feces. Like salmonellae and 
other pathogens present in feces, Shigella can contaminate 

Reference 

Harmon et al. (1987) 
Vahidy (1992) 
Satchell et al. (1990) 
Catteau et al. (1985) 
Darbas et al.(1985) 
Al-Hindawi (1979) 
Gola et al. (1990) 
Gola et al. (1990) 
de Simon (1992) 
Garcia-Villanova (1987a) 
Wong et al. (1990) 
MacGowan et al. (1994) 
Rude et al. (1984) 

raw fruits and vegetables by several routes, including insects 
and the hands of persons who handle the produce, although 
shigellosis is more often transmitted from person to person. 
0422 Escherichia coli 
0423 Escherichia coli is common in the normal microf 
lora of the intestinal tracts of humans and other warm 
blooded animals. Strains that cause diarrhoeal illness are 
categorized into groups on the basis of virulence properties, 
mechanisms of pathogenicity, clinical syndromes and anti 
genic characteristics. The major groups are designated as 
enterotoxigenic, enterohaemorrhagic, enteropathogenic, 
enteroinvasive, diffuse-adhering and enteroaggregative 
(Doyle et al., 1997). 
0424 
0425 Campylobacter jejuni is a leading cause of bacterial 
enteritis in many countries. Reservoirs of this pathogen 
include several wild animals as well as poultry, cows, pigs and 
domestic pets (Nachamkin, 1997). While consumption of 
food of animal origin, particularly poultry, is largely respon 
sible for infection, Campylobacter enteritis has also been 
associated with the consumption of raw fruits and vegetables 
(Bean and Griffin, 1990; Harris et al., 1996). Although 
Campylobacter does not grow at temperatures below 30° C. 
and is sensitive to acid pH, it can survive on cut fruits for 
sufficient time to be a risk to the consumer (Castillo and 
Escartin, 1994). 
0426 
0427 Yersinia enterocolitica can be found in a variety of 
terrestrial and freshwater ecosystems, including soil, vegeta 
tion and water in lakes, rivers, wells and streams (Kapperud, 
1991), but most isolates from these sources lack virulence for 
humans. Pigs, however, frequently carry serotypes capable of 
causing human disease. The ability of Y enterocolitica to 
grow at refrigeration temperature and its documented pres 
ence on raw produce raises concern about the potential of 
salad vegetables as causative vehicles of yersiniosis in 
humans. Seven percent of carrot samples obtained from eat 
ing establishments in France were reported to contain sero 
types of Yersinia that may be pathogenic to humans (Catteau 
et al., 1985). In another study (Darbas et al., 1985), 50% of 
raw vegetables analysed contained nonpathogenic strains of 
Yersinia. Incidence was higher on root and leafy vegetables 
than on tomatoes or cucumbers. Certainly, application of 
improperly composted pig manure to vegetable fields should 
be avoided to reduce the possibility of pathogenic strains 
being present on produce when it reaches the consumer. 

Campylobacter 

Yersinia enterocolitica 
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0428 Listeria monocytogenes 
0429 Listeria monocytogenes is present in the intestinal 

tract of many animals, including humans, so it is not surpris 
ing that the organism can also be found in the faeces of these 
animals, on the land they occupy, in sewage, in soils to which 
raw sewage is applied and on plants which grow in these soils 
(Van Renterghem et al., 1991). The organism also exists in 
nature as a saprophyte, growing on decaying plant materials, 
So its presence on raw fruits and vegetables is not rare 
(Beuchat, 1992: 1996a: Beuchatetal, 1990). Surveys of fresh 
produce have revealed its presence on cabbage, cucumbers, 
potatoes and radishes in the U.S.A (Heisick et al., 1989), 
ready-to-eat salads in the U.K. (Sizmur and Walker, 1988), 
the Netherlands (Beckers et al., 1989), N. Ireland (Harvey and 
Gilmour, 1993) and Canada (Odumeru et al., 1997), tomatoes 
and cucumbers in Pakistan (Vahidy, 1992), and bean sprouts, 
sliced cucumbers and leafy vegetables in Malaysia (Arumu 
gaswamy et al., 1994). 
0430 Staphylococcus aureus 
0431 Staphylococcus aureus is known to be carried in the 
nasal passages of healthy food handlers and has been detected 
on raw produce (Abdelnoor et al., 1983) and ready-to-eat 
vegetable salads (Houang et al., 1991). However, enterotoxi 
genic S. aureus does not compete well with other microor 
ganisms normally present on raw fruits and vegetables, so 
spoilage caused by nonpathogenic microflora would prob 
ably precede the development of the high populations of this 
pathogen that would be needed for production of staphylo 
coccal enterotoxin. 
0432 Clostridium species 
0433 Spores of Clostridium botulinum and Clostridium 
perfingens can be found both in Soil and on raw fruits and 
Vegetables. The high rate of respiration of Salad vegetables 
can create an anaerobic environment in film-wrapped pack 
ages, thus favouring the growth of C. botulinum and botulinal 
toxin production. Botulism has been linked to coleslaw pre 
pared from packaged, shredded cabbage (Solomon et al., 
1990) and chopped garlic in oil (St. Louis et al., 1988). Stud 
ies have revealed that C. botulinum can produce toxin in 
polyvinyl film-packaged (Sugiyama and Yang, 1975) and 
vacuum-packaged mushrooms (Malizio and Johnson, 1991). 
It is important that the permeability characteristics of pack 
aging films minimize the possibility of development of 
anaerobic conditions suitable for outgrowth of clostridial 
spores. Recognizing that anaerobic pockets may develop in 
tightly packed produce, even when films have high rates of 
oxygen and carbon dioxide permeability, an additional mea 
Sure to prevent growth of C. botulinum is to store produce at 
less than 3° C. 
0434 Bacillus cereus 
0435 Spores of enterotoxigenic strains of Bacillus cereus 
are common in most types of soil. Some strains can grow at 
refrigeration temperatures. Foods other than raw fruits and 
Vegetables are generally linked to illness implicating B. 
cereus. Illness associated with eating contaminated Soy, mus 
tard and cress sprouts has, however, been documented (Port 
noy et al., 1976). Human illness tends to be restricted to 
self-limiting diarrhoea (enterotoxin) or vomiting (emetic 
toxin). However, emetic toxin-producing strains have pro 
duced liver failure and death by the food-borne route. 
0436 Vibrio species 
0437 Vibrio species are generally the predominant bacte 

rial species in estuarine waters and are therefore associated 
with a great variety of fish and seafoods. There are 12 human 
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pathogenic Vibrio species, of which Vibrio cholerae, V para 
haemolyticus and V. vulnificus are of greatest concern (Oliver 
and Kaper, 1997). Vibrio cholerae is the causative agent of 
cholera, one of the few food-borne diseases with epidemic 
and pandemic potential. Carriage of the organism by infected 
humans is important in transmission of disease. Water can 
become contaminated by raw sewage. 
0438 Viruses 
0439 Viruses can be excreted in large numbers by infected 
individuals (Cliver, 1997). Although viruses will not grow in 
or on foods, raw fruits and vegetables may serve as vehicles 
for infection. 
0440 Many food-associated outbreaks of hepatitis Ahave 
been recorded (Cliver, 1997). In most instances, these out 
breaks have not appeared to depend on the stability of the 
virus in the food. 
0441 Shellfish taken from waters contaminated with 
human faeces have been the vehicle in most outbreaks, but 
any food handled by an infected person may become con 
taminated and transmit infection (Cliver, 1985). Hepatitis A 
infection has been linked to the consumption of lettuce 
(Rosenblum et al., 1990), diced tomatoes (Williams et al., 
1994), raspberries (Ramsay and Upton, 1989; Reid and Rob 
inson, 1987) and strawberries (Centers for Disease Control 
and Prevention, 1997a: Niu et al., 1992). Hernandez et al. 
(1997) suggested that lettuce contaminated with sewage 
could be a vehicle for hepatitis A virus and rotavirus. Lettuce 
obtained from farmer's markets were reported to contain 
hepatitis A virus. The extent to which hepatitis A and other 
viruses are removed from the surface of fruits and vegetables 
upon treatment with chemical disinfectants is not known. 
0442. The number of cases of food-borne disease caused 
by Norwalk-like viruses (i.e. Small Round Structured 
Viruses, or SRSV) appears to be on the increase (Bean and 
Griffin, 1990). Outbreaks have a pattern of transmission 
resembling that of hepatitis A. Ice made from contaminated 
water has been implicated as the vehicle in more than one 
outbreak but salad items have also been linked to Norwalk 
like gastroenteritis (Karitsky et al., 1995). Workers who have 
prepared salads linked to viral gastroenteritis have been 
shown to have high antibody titers to NorWalk virus (Griffin 
et al., 1982: Gross et al., 1989; Iverson et al 1987). A non 
typical outbreak of Norwalk virus gastroenteritis associated 
with exposure of celery to non-potable water has been 
reported (Warner, 1991). Studies have shown that viruses 
may persist for weeks or even months on vegetable crops and 
in soils that have been irrigated or fertilized with sewage 
wastes (Larkin et al., 1978). Rotaviruses, astroviruses, 
enteroviruses (polioviruses, echoviruses and coxsackie 
viruses), parvoviruses, adenoviruses and coronaviruses have 
been reported to be transmitted by foods on occasion (Cliver, 
1994). At least one echovirus outbreak has been attributed to 
contaminated raw shredded cabbage (New York Department 
of Health, 1989). 
0443 Chlorine Dioxide in the Dairy Shed Environment 
0444 “The test chemical demonstrated effective bacteri 
cidal action, i.e. >log 5 reduction (or 99.999 kill, against all 
test organisms in 30 seconds of contact/exposure, except for 
bacillus cereus. The exposure time required to obtain an 
effective log reduction of Bacillus cereus is in excess of 30 
minutes.' ... Hills Laboratories test on the Southwell Product 
0445. The test organisms were: 
0446. Bacillus cereus 
0447 Campylobacter jejuni 
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0448 Escherichia coli 
0449 Lactobacillus casei 
0450 Listeria monocytogenes 
0451 Salmonella menston 
0452 Applications: 
0453 General sanitiser 
0454 Biofilm removal 
0455 Spray for the treatment of mastitis. 
0456 Microbiological effectiveness of Chlorine dioxide 
at cold temperatures 

CIO2 consumption Contact time Deactivation 
Microorganisms (ppm) (min) (%) 

Saccharomyces 1.3 ppm 10 99.999 
diastaticus (70 percent 
sporulated) 
Pichia (Hansenula) 3.8 ppm 5 99.999 
anomaia (20 percent 
sporulated) 
Lactobacilius 2.5 ppm 5 99.999 
firigidits 
Pediococcus 2.5 ppm 5 99.999 
damnostis 
Enterobacter 2.1 ppm 5 99.999 
Cloacae 

0457 Damnosus and Enterobacter cloacae were used as 
test germs. The bacteria were in the lag Phase where they 
show an increased disinfectant tolerance due to lacking fis 
siparous scars. The used sporulating yeast forms are also 
particularly resistant to disinfectants. The experiments 
showed that Chlorine Dioxide is outstandingly appropriate 
for the killing of beverage relevant bacteria when the resi 
dence time amounts to five minutes. Even at 4°C., a complete 
killing of persistent sporulating yeasts can be expected after 
ten minutes at the latest. Therefore, this method is perfectly 
appropriate for disinfection purposes in the beverage industry 
even at temperatures of about 4°C. 
0458 Experiments carried out by the same institute 
showed that other disinfectants with higher concentrations 
were by far not as effective as the Chlorine Dioxide Method. 
0459. A salicylic acid product with a 0.5 percent concen 

tration did not achieve a quantitative killing rate with the used 
microorganisms after 30 minutes of residence time. Even 
after 30 minutes, the beverage specific vermin remained sig 
nificantly traceable, only enterobacter cloacae was quantita 
tively detected in this period. 
0460 Chlorine Dioxide—Applications—Poultry 
0461) EXTENDER is used in food processing applica 
tions with a number of the following beneficial properties. 

0462. 1. It does not have any pH limitations. 
0463. 2. Its disinfectant (sterilisation) capabilities are 
not diminished at all in the presence of fats, oils, pro 
teins, body fluids etc. because it has very selective and 
very few chemical reactions. 

0464 3. It is strongly soluble in water, therefore, it has 
a long-lasting residual which reduces the potential for 
cross infection or re-contamination. 

0465. 4. It is a broad spectrum, fast acting disinfectant, 
effective against a wide range of bacteria, spores, fungi, 
and viruses at relatively low concentrations and short 
contact periods. 
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0466 5. It is colourless, has a mild medicinal odour, low 
corrosivity to metals and the lowest acute toxicity rating 
from the EPA. 

0467 6. High efficacy against E. coli, salmonella, list 
eria, aspergillus, penicillium, Staphylococcus etc. 

0468 7. High efficacy is obtained irrespective of pH. 
0469 8. Non-corrosive and non-staining of equipment. 
0470 9. Easy to apply and to monitor. 
0471) 10. Meets HACCP (food safety) management 
requirements. 

0472. 11. Cost effective. 
0473 Poultry Processing 
0474 Chlorine Dioxide has been used very successfully in 
poultry processing, as a processing aid that is added to pro 
cess water maintaining good microbial quality thereby 
impacting on the quality maintenance and shelf-life of the 
produce. 
0475 Areas of Application 
0476. The following would be the points of application 
0477 1. Scalding tanks 
0478 2. Carcass sprayer 
0479. 3. Spin chiller 
0480. 4. Inside outside carcass washer 
0481 5. Dip tanks for fallen birds 
0482 Dosages 

0483 1. Treatment of the scalding tank water would be 
done at a dosage of 300 ml per 1000 litres of water and 
the residual would thereafter be controlled at 10-15 ppm. 

0484 2. Treatment of the carcass sprayer water would 
be at 500 ml per 1000 litres of water and controlled at a 
dosage of 25-50 ppm. 

0485 3. Treatment of the spin chillers would be done at 
a dosage of 300 ml per 1000 litres of water thereafter 
maintain a 10-15 ppm residual. A 25-50 ppm (at dosage 
of 500 ml-1 L per 1000 litres of water) dip solution could 
be made up for any birds that accidentally fall on the 
floor. 

0486 Fishing Tuna Long Liner in Tropical Marine Waters. 
0487 Tuna is caught, gutted and suspended in refrigerated 
seawater at 0.5 deg. C. and stored for between 3 to 9 days 
before landing and packaging. 
0488 Processing Steps: 
0489 Fish gutted 
0490. Immersed in RSW hold 2 Litres of Clo2 per 1000 
Litres RSW 
0491 Advantages/Benefits: 
0492 Voyage time now sixteen days 
0493 High oxidation power guarantees sufficient disin 
fection 
0494. Appearance of gills and natural colour better than 
prior storage method 
0495 Fish is considered to be of a higher quality 
0496 Better customer acceptance. 
0497 Raw Shrimps/Prawns 
0498 Raw shrimp from farms (natural sea or rivers) are 
sent to a factory for processing. 
0499 Processing Steps: 
(0500 Washing 5-10 ppm CIO, 
0501 Sizing and peeling, washing with 2-3 ppm ClO. 
(0502. Final rinse 0.2-0.5 ppm CIO, 
(0503 Freezing 
0504 Method of Concentration Control: 
0505 Contact water meter, or by measurement 
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0506 Advantages/Benefits: 
0507 High oxidation power guarantees sufficient disin 
fection 
0508 No influence by pH 
0509. No Smell or taste after final rinse water 
0510 Better customer acceptance compared to chlorine 
treated shrimp 
0511 Improvement of TPC values 
0512 Malodorous Fishing Vessel 
0513. The vessel was experiencing bad odour problems. It 
was suspected that a crack had appeared in the hold wall that 
allowed organic material to pass into the foam insulation and 
generate bacteria causing the malodours and also resulted in 
the degradation of the fish because of unacceptable bacteria 
levels. 
0514 Processing Steps: 
0515 5-10 ppm added to chilled seawater through a ven 

turi and sprayed on the catch. 
0516 Chilling 
0517 Method of Concentration Control 
0518. By measurement 
0519 Advantages/Benefits: 
0520 High oxidation power guarantees sufficient disin 
fection 
0521. No influence by pH 
0522 No smell or taste after treatment 
0523 Better customer acceptance compared to chlorine 
treated fish 
0524 Improvement of TPC values 
0525 No malodours 
0526 Ice Plant 
0527. A drum type ice making machine with the capacity 
of 2 MT per hour. The ice is used to pack fish in boxes. 
0528 Processing Steps: 
0529 400 mls per tonne added to town water supply 
through a dosage pump. 
0530 Advantages/Benefits: 
0531 High oxidation power guarantees sufficient disin 
fection 
0532. Dwell time of Clo2 release on contact with fish 
0533. No Smell or taste after treatment 
0534 Ice drums cleaned of bio-film allowing better con 

tact with drum giving better ice 
0535 Keeping qualities of fish enhanced 
0536 General Sanitation 
0537 Vegetable Crate Washing Plant 
0538 Processing Steps: 
0539 Washed in detergent 
0540 Passed through sanitation side and sprayed with 
CIO. 10 ppm 
0541. Advantages/Benefits 
0542 High oxidation power guarantees sufficient disin 
fection 
0543 Cleaner appearance of crates 
0544. No Smell after treatment 
(0545 Sanitation Fishing Holds 
0546 Processing Steps: 
0547 Gross filth removed and washed in detergent 
(0548 Cleaned surface sprayed with 10 ppm CIO solution 
(0549 Advantages/Benefits 
0550 High oxidation power guarantees sufficient disin 
fection 
0551 E. coli is below level of detection 
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0552. No concerns about Listeria as CIO will easily kill 
Listeria at low temperatures. 
0553 TPC at day Zero is consistent and always less than 
7x10 
0554 Southwell Water Treatment Overview 
0555. The Southwell system complies with the Drinking 
water standards of New Zealand and the product is listed as 
C61, Water treatment in Manual M15, New Zealand Food 
Safety Authority. 
0556 Potable water (Fit to drink) must comply with the 
Drinking water standards and as Such have no coliforms 
present and comply with the listed criteria Such as Iron and 
Manganese control. 
0557. Objectives 
0558 To remove bacteria, cysts and undesirable metals 
from the water Supply. 
0559 Bacteria and Cysts 
0560 Take a review of the water supply and determine the 
level of contamination. The amount of chlorine dioxide 
required to decontaminate the water Supply is proportionate 
to the degree of contamination. 
0561 Iron, Manganese etc. 
0562 Determine the quantity of the undesired substance 
and refer to the chart below. 
0563 System Dosing 
0564) Dosing the system depends entirely on the degree of 
Sophistication of the application. 
0565 You could be faced a water supply sourced from 
ground water and once treated it will be consumed. In that 
case the determination of the degree of contamination, or 
even Suspected degree of contamination, is to be measured or 
gauged and then the following formula should be applied; 

Heavily contaminated 1 Litre 5000 Litres of water 
Mildly contaminated 1 1OOOO 
Low contamination 1 1SOOO 

0566 In a system where tanks and pumps are available we 
can be more specific 
0567 If the flow of water can be measured, timing how 
quickly it fills a container of a specific Volume would judge 
the amount issuing from a tap and accurate measurements can 
be made. 
0568 Assessments of the degree of contamination of the 
existing system must be made as to the amount of amassed 
bio-film with the system. The system includes; processing 
and storage tanks and the interlinking pipes. 
0569. A shock dose introduced at 10 grammes of Product 
per tonne of storage will remove any algae or bio-film held in 
the system. In heavily contaminated systems debris will come 
through the tap. It is best to run the system until the water runs 
clear. 
0570. The next thing to determine is the presence of iron 
and/or manganese. In systems contaminated with these met 
als it is normal to have a tank that is used for their removal. 
The following table explains the system and the quantities for 
removal of various contaminants in the water Supply. The 
product must be added to the outflow side of this tank before 
the water enters a filter (if any) and is independent of any 
product introduced as a sanitizer as all the chlorine dioxide 
may be used up in removing the metals. The product passes 
through the filter and is ready to be dosed for sanitation. 
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0571 Sanitation dosing is very simple. Dose at 1.5 
grammes of product per tonne of water. 

Flow of water per hour Amount of Chlorine Dioxide required 
(1000 Litres = 1 tonne) Centilitre 

1OOO 1.5 
SOOO 7.5 
1OOOO 15 
SOOOO 75 
1OOOOO 150 

To treat a flow rate of 165,000 Litres of water per hour add 
100000+50000+10000+5000–165,000 
150+75+15+7.5=197.5 centilitres per hour 
0572 Contaminants Removal 
0573 Aldehydes 
0574 Aldehydes oxidize to the corresponding carboxylic 
acid. 
0575 Formaldehyde initially to formic acid and finally to 
carbon dioxide 
0576 Paraformaldehyde can be depolymerised and elimi 
nated completely by oxidation with chlorine dioxide. 
0577 Amines and Mercaptans 
0578. Between pH 5 and 9, 4.5 parts by weight of chlorine 
dioxide instantaneously oxidise’s 1 part by weight of a mer 
captain (expressed as Sulphur) to the respective Sulphonic 
acid/Sulphonate compound, destroying the mercaptain odour. 
0579. Similarly, chlorine dioxide reacts with organic sul 
phides and disulphides, destroying the original odour. 
0580. The oxidation of amines depends on the pH of the 
reaction mixture and the degree of Substitution of the amine. 
0581 Between pH 5 & 9, and average 10 parts by weight 
chlorine dioxide oxidises 1 part by weight of a tertiary ali 
phatic amine (expressed as nitrogen), destroying the amine 
odour. 
0582. At pH above 7, an average 5 parts by weight of 
chlorine dioxide oxidises 1 part by weight of a secondary 
aliphatic amine (expressed as nitrogen) removing all traces of 
amine odour. 
0583. The higher the pH of the reaction mixture (chlorine 
dioxide and tertiary and/or secondary aliphatic amines), the 
more rapidly oxidation proceeds. 
0584 Ammonia Plant 
0585 Chlorine dioxide is chosen because of its non-reac 

tivity with the ammonia commonly present in this system. 
0586. The starting CIO feed was 2 mg/l based on the total 
of system capacity and make up water over a 4-hour treatment 
period, once each day. Shortly after the initiation of ClO. 
feed, a residual of free and available chlorine (as CIO via 
DPD method) was attained and reached a maximum of 0.9 
mail before the CIO feed was suspended for the day. After 
CIO feeding was stopped for the day, there was a gradual 
drop in CIO residual. It should be noted here that chlorine 
residuals, under the previous gas chlorine programme, were 
seldom observed. 
0587 Total microbio counts under the previous chlorine 
program averaged approximately 15,000 organisms/ml. Dur 
ing the CIO program, these counts have dropped to 1-5 
organisms/ml and often sterile plates are observed. 
0588 Cyanide Destruction 
0589 Chlorine dioxide oxidises simple cyanide to cyanate 
(a less toxic Substance) and/or carbon dioxide and nitrogen. 
The end products depend on reaction conditions. 
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0590. In neutral and alkaline solutions below pH 10, and 
average 2.5 parts by weight of chlorine dioxide oxidises 1 part 
by weight of cyanide ion to cyanate. 1 
0591. Above pH 10 an average 5.5 parts by weight of 
chlorine dioxide oxidises 1 part by weight of cyanide ion to 
carbon dioxide and nitrogen. 3 
0592 Between pH 8 and 10 a mixture of by-products is 
produced 2 
0593. Chlorine dioxide does not react with cyanate ion, 
nor has it been observed to form cyanogen chloride during the 
oxidation of cyanide. 
0594 Chlorine dioxide also oxidises thiocyanate to sul 
phate and cyanate. In neutral solutions, an average 3.5 parts 
by weight of chlorine dioxide oxidises 1 part by weight of 
thiocyanate ion. 4 
0595 (1 pH in the range 7.0 to 8.0 

CIO CN --> CNO (Cyanate) 

0596) 2 pH in the range 8.0 to 10.0 

CIO CN --> mixture of products shown in 1 and 3 

0597 (3 pH greater than 10.0 

2CN SE- 2CO2 + N2 

0598. 4 pH 7 
SCNCIOOCN +SO’ 

0599 Iron 
0600 Above pH 5 an average 1.2 parts by weight chlorine 
dioxide oxidises 1 part by weight soluble iron (ferrous) to 
insoluble iron (ferric). 

0601. Above pH 5 the resulting ferric iron is 99% remov 
able by a 0.45 micron filter after 5 minutes. 
0602 Manganese 
0603 The advantage chlorine dioxide has over chlorine is 

its speed of reaction. Chlorine reacts so slowly that manga 
nese ions may still be in the water distribution system after 24 
hours. Chlorine dioxide reacts much more rapidly with man 
ganese oxidising it to manganese dioxide. After 5 minutes 
contact time, 99--% of the manganese may be removed 
through a 0.45 micron filter. 2.45 parts by weight of chlorine 
dioxide oxidises 1 part by weight of manganese. Best results 
are obtained when the pH is above 7. 

0604 Nitrogen Compounds 
0605 Nitrogen oxides are hazardous and corrosive. 
Nitrous oxide (NO) and nitrogen dioxide (NO) are industrial 
effluents which result from fuel combustion, nitric acid manu 
facture and use, and from metal finishing operations which 
use nitrates, nitrites or nitric acid. Other sources include 
chemical processes in which nitrogen compounds are used as 
reagents. 
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0606 Chlorine dioxide has been used to scrub these con 
taminants. Nitric oxide contained in gas discharges from coke 
kilns may be eliminated by chlorine dioxide oxidation. 
0607. The process is particularly convenient for continu 
ous operation. 
0608 Phenol Destruction 
0609 Surface water often contains phenols from indus 

trial effluents. Undesirable phenolic wastes are produced in 
the chemical, plastics, coke and petroleum refining indus 
tries. If chlorine is used for oxidation, highly toxic chlorophe 
nols are formed. These chlorophenols can also cause taste and 
odour problems in drinking water. Ortho-chlorophenol is the 
most offensive of the phenol compounds. It is objectionable at 
concentrations as low as 1-2 ppb. 
0610 Treatment with chlorine dioxide can destroy chlo 
rophenols. Below pH 10, 1.5 parts by weight of chlorine 
dioxide oxidises 1 part by weight of phenol to benzoquinone 
1. Above pH 10 an average of 3.3 parts by weight of chlorine 
dioxide oxidises 1 part by weight of phenol to a mixture 
thought to be low molecular weight, non-aromatic carboxylic 
acids (such as oxalic and maleic acids). At pH 7 the phenol 
reaction is rapid and complete; all phenols are consumed. 
pH in the range 7.0 to 8.0 

CH5OH+CIO (Benzoquinone) 

pH in the range 8.0 to 10.0 
CH5OH+CIO mixture of products shown in 1 and 3. 

pH greater than 10.0 
CHOH+ClOHOOCCH=CHCOOH-HOOC 
COOH (Maleic acid--Oxalic acid) 

0611 Sulphides 
0612 Many industrial processes and waste water/effluents 
produce Sulphide containing gases and waste products. These 
gases are frequently scrubbed with alkaline Solutions and 
require treatment before discharge. 
0613 Between pH 5 and 9, an average 2.5-5 parts by 
weight of chlorine dioxide instantaneously oxidises 1 part by 
weight of hydrogen Sulphide (expressed as Sulphide ion) to 
the Sulphate ion. 

S2+CIOSO 

0614 THM Precursors 
0615. The key to understanding why chlorine dioxide is so 
effective can be found in the differences in the reactions of 
chlorine dioxide and chlorine with trihalomethane (THM) 
precursors such as humic and fulvic acids. 
0616) Chlorine reacts with THM precursors by oxidation 
and electrophylic substitution to yield both volatile and non 
volatile chlorinated organic substances (THMs). 
0617 Chlorine dioxide however reacts withTHM precur 
sors primarily by oxidation to make them non-reactive or 
unavailable for THM formation. This means that pre-treat 
ment with chlorine dioxide has an inhibiting effect on THM 
formation when chlorine is Subsequently used. 
0618. Bactericidal, Cysticidal, Oocysticidal and Virucidal 
Effects of Chlorine Dioxide in Contaminated Water 
0619 Chemical disinfection of drinking water is by far the 
most convenient approach to control transmission of infec 
tious agents through water-borne route. However, problems 
include toxic byproducts resulting from the use of disinfect 
ing agents, and the ability of certain microorganisms to resist 
the inactivation, particularly protozoan cysts and oocysts. 
0620. According to the US EPA Guide Standard and Pro 
tocols for Testing Microbiological Water Purifier, for a micro 
biological water purifier to Successfully pass the evaluation 
test, it must remove, kill or inactivate all types disease-caus 
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ing microorganisms from the water, including bacteria, 
viruses and protozoan Oo(cysts) so as to render the processed 
water safe for drinking. Therefore, to qualify a microbiologi 
cal water purifier it must inactivate all types of challenge 
microorganisms to meet the specified Standards. Chlorine 
dioxide offers several advantages over chlorine for disinfec 
tion of drinking water. We have evaluated the ability of chlo 
rine dioxide to inactivate prototypic water-borne bacteria, 
protozoa and viruses. Experiments were conducted using 
EPA waters contaminated with bacteria (Klebsiella terrigena, 
ATCC 33257; Salmonella choleraesuis, ATCC 10708; 
Escherichia coli, ATCC 11229; Legionella pneumophila, 
ATCC 33153), viruses (Poliovirus type 1, ATCC VR-59; 
Rotavirus SA-11, ATCCVR-899) and protozoa (Cryptospo 
ridium parvum oocysts from the USDA, Beltsville, Md., and 
Giardia muris cysts from Oregon Health Sciences Univer 
sity) These experiments were conducted using the guidelines 
prescribed by the US EPA for testing microbiological water 
purifiers. Exposure to chlorine dioxide at a final concentration 
of 2 ppm in water for 10 minutes was effective in producing a 
>6-log 10 reduction in titer of all bacterial strains tested, at 
pH 5+0.2, 7+0.2 and 9+0.2 and at both 4+10 Cand 20+50 C, 
respectively. Similar treatment of rotavirus and poliovirus 
produced >4-log 10 reduction in titer at neutral pH and pH 
9.O. 

0621. The survival of bacteria and viruses were deter 
mined using standard assays. 
0622 Experiments are now underway to study the viru 
cidal effect of chlorine dioxide at a lower pH. The protozoa 
part of the experiments included only spiked water at neutral 
pH which was exposed to either 3 or 4 ppm of chlorine 
dioxide for 30-minutes. For determination of cystidal and 
oocystidal effectiveness of chlorine dioxide, a bioassay for 
used. Treatment of water with both concentrations of chlorine 
dioxide (3 and 4 ppm) totally abolished infectivity of both the 
cysts and oocysts for mice indicating >3-log 10. Chlorine 
dioxide has been found highly effective in inactivating those 
bacteria, protozoa and viruses that are common contaminants 
of drinking water. In addition to the potential use of chlorine 
dioxide as water purifier as an alternative to chlorine, its 
applications in hospital settings, veterinary medicine and 
food industry will also be discussed. 
0623 The Use of Chlorine Dioxide in Disinfection of 
Wastewater 

0624 Disinfection is the most important step in the prepa 
ration of wastewater for reuse in irrigation, industry, ground 
water recharge and in the long term for drinking water pur 
poses. The hazards of reused wastewaters are primarily health 
risks of infection. Bacteria and viruses may damage the health 
of those who come in contact with wastewater unless it has 
been adequately treated. In some countries it is allowed to 
dispose of biologically treated effluents which contain maxi 
mum geometrical average of 1000 total coliforms per 100 
mL, or 200 fecal coli per 100 mL during a period of 30 days. 
In California' a level of 23 total coliform organism per 100 
mL is required for irrigation of golf courses, parks and pas 
tures grazed by milking animals. For direct irrigation of food 
crops, a level of 2.2 total coliforms per 100 mL is required. 
0625 WHO suggested health criteria for wastewater 
reused for irrigation of crops eaten raw not more than 100 
coliform organisms per 100 mL in 80% of samples. Accord 
ing to Kott; 20 to 40 mg/L of chlorine must be applied to 
biologically treated effluents for 6 hours to achieve a count of 
not more than 100 coliform per 100 mL. The Ministry of 
Health in Israel requires the disinfection of biologically 
treated effluents reused in irrigation, so that residual available 
chlorine should be found after one hour contact time, in 
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accordance with the type of plants irrigated. Table 1 Summa 
rizes the criteria for treated wastewater reused in irrigation in 
Israel. Usually it is not easy to achieve these effluents criteria 
by chlorine disinfection. Chlorine has some significant dis 
advantages when used for wastewaters disinfection due to its 
reactions with the organic constituents, forming chloro-or 
ganics and with ammonia, forming chloramines, which are 
less effective than the free chlorine, and due to the large doses 
required to kill bacteria and inactivate viruses. 
0626. The purpose of this research is to investigate the 
feasibility of using CIO, as an alternative to C1 in the disin 
fection of effluents and ensuring environmentally acceptable 
finished water suitable for various reuses, resulting from a 
more efficient treatment. The research intends to study the 
behavior of CIO, in wastewater effluents and in aqueous 
synthetic Solutions containing organic and inorganic Sub 
stances characteristic of effluents. 
0627 Experimental 
0628 CIO was studied on Haifa municipal sewage treat 
ment plant effluents, from activated sludge and high rate 
trickling filters and on organic free media, Such as distilled 
and tap water. Chlorine dioxide was produced from sodium 
chlorite activated by HCl solution. Chlorine dioxide gas 
formed was driven off by bubbling air and carried through 
three empty traps in series before it was absorbed into dis 
tilled water, cooled with an ice bath. The CIO, mother solu 
tion was kept in refrigerator. Its concentration was deter 
mined at the beginning of each experiment. 
0629. The experiments were carried out using 3.5 L Duar 
glass flasks equipped with valve at the bottom, a cover and 
magnetic stirrer. To 3.0 liters of effluents various doses of 
CIO mother solution were added, and the solution was kept 
in darkness while mixing. Samples were taken at various 
times for chemical and bacteriological analyses. The samples 
for bacteriological tests were taken in sterile bottles, which 
contained 100 mg sodium thiosulfate to stop the disinfection 
activity by reduction of CIO and HOCl. In spite of washing 
step the CIO mother solution never contained only CIO, but 
the following compounds as well: ClO, CIO, and free 
chlorine. Analytical methods for the determination of ClO. 
concentration in distilled water were studied, emphasizing 
the possibility of concentration determination of ClO and 
other chlorine and oxygenated chlorine compounds after the 
contact with effluents. Knowing their concentration prior and 
after their addition to effluents is important for understanding 
the chemical reactions taking place in this system. 
0630. The methods studied included amperometric titra 

tion, potentiometric titration or colorimetric end point deter 
mination. All these studied analytical methods are not simple 
and are time consuming. 
0631) The method chosen is an amperometric dead stop 
end titration, using PAO phenylarsine oxide for determina 
tions at pH 7.0 and above and NaSO for determinations at 
pH2 to 3.0 and pH 0.1. Both titrations are based on measuring 
the amount of I liberated by oxidation of IT in KI by the 
various chlorine and oxygenated chlorine compounds at Vari 
ous pH levels. The analytical techniques were in accordance 
with procedures outlined in the following references: for 
NO, N, COD, NH." N and NO, N''. 
0632 Results and Discussion 
0633. The behavior of chlorine dioxide has been investi 
gated on sewage treatment plant effluents and compared to its 
behavior in organic free media, Such as distilled and tap water. 
The aim of this research was to investigate whether secondary 
effects of chlorine dioxide application to effluents exist and if 
these affect its effectiveness as disinfectant. Particular atten 
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tion has been paid to the interaction of CIO with the inor 
ganic and organic components of effluents and their effects on 
chlorine dioxide residuals. 
0634. The effects of varying chlorine dioxide doses, con 
tact time and pH on residuals of CIO, CIO, CIO, HOCl 
and chloramines have been studied; as well as the effects on 
the destruction of total coliforms, fecal coli, Streptococcus 
and coli phage, COD residual, organic nitrogen, ammonium, 
nitrite and nitrate ions. 
0635. Effect of Contact Time 
0636 Table II summarizes the contact time effects on the 
various chlorine and oxygenated chlorine constituents and on 
the final pH, by addition of CIO dose 7.84 mg/L as CIO, or 
20.6 mg/L as Cl. The concentration can be expressed as the 
specific constituent concentration or as Cl. The range of 
contact times investigated was from 10 minutes to 24 hours. 
The mother solution consisted as follows: 

CIO. 294.6 mg/L as CIO (774.2 mg/L as Cl2) 

CIO, 201.4 mg/L as CIO (423.3 mg/L as Cl2) 

Free Chlorine HOC 129.0 mg/L as Cl 

0637 Table II shows that the effluents have an immediate 
CIO demand, its concentration decreased to 3.0 mg/L as 
CIO already after 10 minutes, 1.0 mg/L after 3.5 hrs and it 
had disappeared after 24 hrs. A part of the CIO, was converted 
into CIO, whose concentration increased with time. The 
effluents also have an immediate CIO, demand. The CIO, 
ion concentration introduced with CIO solution decreased 
initially from 5.4 mg/L as CIO to 3.1 mg/L after 10 minutes, 
and Subsequently increased with disappearance of CIO up to 
a concentration of 7.0 mg/L after 24 hours. The residue CIO, 
increases by increasing the CIO Solution doses, but is always 
lower than the initial concentration. It seems that the CIO, 
ion is most stable of the various oxygenated chlorine com 
pounds in the effluents system under investigation. In this 
experiment the CIO concentration was not determined. The 
free chlorine introduced with the CIO, mother solution is 
immediately consumed by the effluents, and it is not formed 
again. The free chlorine does not react with the ammonium 
ion in effluents, based on the absence of chloramines in the 
reacted effluents. This was further verified in an experiment 
where the CIO mother solution was added into a synthetic 
aqueous ammonia Solution. The ammonium ion concentra 
tion did not change and chloramines were not found, although 
the system contained some free chlorine; thus in the present 
system chlorine does not react with ammonia in the presence 
of CIO. It seems that in effluents system the free chlorine 
reacts or oxidizes organic and inorganic Substances and dis 
appears without forming chloramines. The total chlorine and 
oxygenated chlorine constituents expressed as Cl decreased 
with time. This behavior was found typical to effluents, tap 
water and distilled water systems: the residual concentration 
of CIO, decreases with time and disappears after several 
hours and sometimes at periods longer than 24 hours for 
higher doses. The effluents pH after adding the CIO, solution 
did not change during the first 60 minutes, and only then 
increased with time to a value of 8.5 at 24 hrs. 
0638 Investigation of the effect of contact time of ClO. 
with effluents on COD has shown as in Table III an immediate 
decrease of COD from 238 to 215 mg/L, the latter was con 
stant up to 24hrs. This COD reduction is caused by oxidation 
of one of the CIO solution constituents and not by the bac 
teria, which were immediately killed. This Table also shows 
that neither CIO, nor free chlorine has reacted with ammonia 
during 24 hrs. Presumably they reacted with other organic 
materials or oxidized other effluents constituents, but did not 
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react with the ammonia and did not form the chloramines. 
Moreover, the effluents organic nitrogen did not decompose 
to ammonium ion, in the chlorine dioxide presence and the 
CIO did not oxidized the ammonium ions to nitrites and 
nitrates, and did not form chloramines. This was evidenced by 
the constant ammonium ion concentration (34.75 mg/L 
NH" N) and nitrates (0.08 mg/L NOT N). This was fur 
ther verified in a synthetic tap water system containing the 
following nitrogenous compounds: 15.2 mg/L NH, N, 8.8 
mg/L NOT N and 2.2 mg/L NOT N to which 19.2 mg/L 
CIO was added, at neutral pH as shown in Table IV. The CIO 
immediately reacted with the nitrites, and disappeared after 
10 minutes forming chlorite ions. 
0639. The CIO, demand for oxidation of nitrites was very 
high: 5.5 mg/L ClO were required for each 1 mg/L NOT N 
oxidized to nitrates. The 19.2 mg/L CIO dose was not suffi 
cient to oxidize all the 8.8 mg/L NOT N due to nitrites 
presence in the synthetic tap water based solution, and their 
concentration decreased to a constant value of 5.3 mg/L. 0.25 
med/L of the nitrites were oxidized to nitrates, which concen 
tration increased by 0.25 meq/L, from 2.2 mg/L NOT -N to 
a constant value of 6.0 mg/L NO. N. 
0640 The experiment was carried out at a neutral pH 
where CIO accepts only a single electron, as follows: 

0641. The amount of CIO, (0.25 meq/L) disappeared 
according to this reaction agrees with the above reported 
value of 0.25 meq/LNO, Noxidized. Also, the CIO, specy 
did not react with the ammonia, and did not form chloramines 
in the synthetic systems and the ammonium ion concentration 
remained constant, 45.2 mg/L NH, N, during the 24 hrs 
contact. The total nitrites and nitrates concentration remained 
constant 11 mg/L. 
0642. It is concluded that CIO does not react with ammo 
nia, but rapidly oxidizes nitrites to nitrates, in equivalent 
amount to its disappearance and chlorite ion formation. 
Moreover, the added chlorine and chlorite ion in the CIO 
Solution have not reacted with ammonium ion to form 
chloramines. These experiments demonstrate that effluents 
from biological nitrification or nitrification-denitrification 
plants, which does not efficiently oxidize ammonia to 
nitrates, may contain high nitrites concentrations demanding 
high CIO doses to oxidize nitrites to nitrates. Theoretically 
4.8 mg CIO, are required to oxidize 1 mg NO N and only 
then additional CIO may be available for disinfection. Prac 
tically 5.5 mg CIO, were required to oxidize each 1 mg 
NO. N. This is a high disinfectant demand due to the 
presence of nitrites in nitrified effluents. An important con 
jecture is that since CIO does not react with ammonia it is 
recommended as an efficient disinfectant for effluents from a 
conventional biological sewage treatment plant, without nitri 
fication. 

(0643. Effect of pH 
0644 CIO is well recognized as a strong disinfectant 
active in a wide pH range. In fact, its activity depends upon 
pH, which controls the number of electrons it accepts, and the 
resulting compounds formed. 
0645 
follows 

At pH 7 and above CIO accepts one electron as 

0646 Since most of the reactions involved in water treat 
ment take place within natural water and wastewaters pH 
range 7 to 8, a toxic chlorite ion is a major CIO disinfection 
product. 60 to 70% of the CIO, is converted to CIO, after 24 
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hours. In an acidic pH range, CIO is converted to chloride ion 
by accepting 5 electrons as follows: 

0647. Similarly, at low pH free chlorine converts to Cl 
and CIO, is also converted to Cl by accepting 4 electrons as 
follows: 

0648. At highly acidic pH of less than 1.0 (pH 0.1) CIO 
converts into Cl by: 

0649. The pH effect was investigated in the pH range 3 to 
10 by adding two doses of CIO. 19.2 mg/L and 37.5 mg/L to 
effluents at a constant 20 minutes contact time, as Summa 
rized in Table V. The CIO mother solution contained 

CIO=624.5 mg/L as CIO, 

CIO =130 mg/L as CIO 

Cl2=137 mg/L as Cl2 

0.650. The initial concentrations were calculated from the 
given dose of CIO mother solution added to the effluent. 
0651. The Table shows that if original effluents, having a 
pH 7.5 are acidified, the CIO concentration is almost con 
stant. In the alkaline direction the CIO concentration sharply 
decreases to 0.11 mg/L CIO, from 19.2 mg/L and to 5.23 
mg/L from 37.5 mg/L. Thus ClO is reduced to CIO or 
CIO in alkaline solution. These ions are not considered as 
disinfectants. 

0652 On the acidic side CIO is stable up to pH 4.0 and 
therefore may serve as an efficient disinfectant within the pH 
range 7.5 to 4.0. At pH values lower than 3.5 its concentration 
is expected to decrease by reduction to Cl ion. Additionally 
Table V shows that free chlorine, at a dose of 19.2 mg/L has 
disappeared within all the pH range studied. Whereas, at the 
higher, 37.5 mg/L, dose, a residue was found only in the 
acidic pH. and it seems that the free chlorine rapidly reacts 
with organic compounds and disappears. It does not react 
with ammonia and does not form chloramines. These results 
lead to a conclusion which contrasts literature reports stating 
that CIO is more active in the alkaline range. It is concluded 
from the present study that due to its stability CIO should be 
used as disinfectant at the acidic pH range. An additional 
advantage characteristics to this acidic pH range is that less 
chlorite ion, considered as a toxic material, inefficient as 
disinfectant, is formed. 
0653 Effect of Disinfection on Microorganisms 
0654 Contact Time Effect 
0655 The effect of CIO on microorganisms was studied 
using biologically treated effluents from Haifa municipal 
sewage treatment plant. The effects of CIO dose level, con 
tact time and pH on killing total coliforms, fecal coli, Strep 
tococcus, total count and E. coliphage were studied. In addi 
tion the CIO, oxygenated chlorine Substances, free and 
combined chlorine residues were determined. The composi 
tion of CIO mother solution in these experiments included: 

CIO=441.9 mg/L as CIO, 

CIO =23.0 mg/L as CIO 

HOCl=39.0 mg/L as Cl 
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0656 Residual concentrations of CIO, CIO, HOCl and 
chloramines in disinfection experiments using various doses 
of CIO and contact times between 5 to 35 min. are summa 
rized in Table VI and Table VII shows the survival of micro 
organisms in this experiment. 
0657 Effluents disinfection with CIO, has shown 98.9% 
kill of fecal coli after 30 min. contact time, using a dose of 2.7 
mg/L CIO. This small dose is insufficient to efficiently kill 
after 5 min. contact time. The killing efficiency was improved 
and contact times became shorter by increasing the CIO dose 
levels. A dose of 10.8 mg/L CIO, was sufficient to reduce the 
fecal coli from 3.3x10 ineffluents to 14 within 20 minutes and 
two organisms survived after 30 min. contact time. SuchCIO. 
dose bacteriologically qualifies the effluents for unrestricted 
irrigation, conforming to the specification criteria in Israel, 
WHO and also the strict California requirements. It is impor 
tant to point out that for unrestricted irrigation chemical 
parameters of effluents quality should also be accounted. 
0658 Effect of pH on Disinfection 
0659 Effect of final pH on disinfection of effluents after 
30 min. contact time, on total count, coliforms, fecal coli and 
E. coli phage (all MPNS expressed per 100 mL) is shown in 
Table VIII. The control initial concentrations are also given. 
0660 Disinfection efficiency of CIO was tested at pH 
range between 4 and 10.0. The original pH of the effluents 
was 7.5. Initially samples were taken to determine only the 
pH effect on the microorganisms level in comparison with 
their original concentration and reported in this table as "con 
trol. Changes within the pH range studied were noted and 
subsequently accounted for. This Table shows that the pH is 
playing an important role on killing of these microorganisms. 
A dose of 9.86 mg/L CIO, is efficient for killing in the acidic 
and neutral pH range up to pH 8.2, while in the alkaline range 
an increase of microorganisms Survival can be noticed. 
0661. In conclusion this experiment has proven the high 
efficiency of CIO in effluent disinfection achieving high bac 
teriological quality of the treated water. An efficient disinfec 
tion of the effluents is achieved with relatively low CIO doses 
and short contact times at the neutral and acidic pH range. 
0662 Conclusion 
0663. In conclusion our preliminary secret trials indicate a 
Surprising and unique aspect illustrating the potential of sta 
bilized CIO as an efficient disinfectant in effluents, as com 
pared to standard CIO systems. Our trials have shown that 
although a comprehensive understanding of the mechanics of 
disinfection processes utilizing stabilised CIO, in effluent 
systems is still lacking the Surprising and real advantages 
gained by using the stabilized CIO methodologies of the 
present invention is of significant commercial value. 
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0664. These studies are particularly important for a reli 
able disinfection of effluents intended for reuse. 

TABLE I 

Criteria for Wastewater Re-use in Irrigation in Israel 

residual available 

chlorine, contact 
type of irrigation coliforms per 100 ml time 1 hr 

cooked vegetables <250 0.15 mg/l 
decidous fruits (80% of samples) 

football fields & 

golf courses 

unrestricted crops <12 (80%) 
parks & lawns <3 (50%) 0.5 mg/l 

TABLE II 

Effect of Chlorine Dioxide Contact Time on CIO, CIO, CIO and 
HOCI Residuals in Effluents Treatment. CO2 Dose 7.84 mg/L. 

CIO, CIO, HOCI NHCl Sum Cl 
Con- Ing/L Ing/L mg/L mg/L mg/L. 

tact 8S 8S 8S 8S 8S 8S 8S 

Time pH CIO, Cl, CIO, Cl2 Cl2 Cl2 Cl2 

O 7.75 7.84* 20.6* 5.4% 1.30: 3.44: O 35.348 
min 
10 7.55 3.0 8.0 3.1 6.43 0.118 O 14.SS 
min 
30 7.55 2.6 6.8 S.O O4S O O 17.25 
min 
60 7.65 2.1 5.5 5.8 2.13 O O 17.63 
min 
1.5 7.75 1.9 S.O 6.2 2.96 O O 17.96 
hir 
2.5 7.90 1.5 3.8 6.23 3.10 O O 16.90 
hir 
3.5 8.OS 1.0 2.7 6.33 3.30 O O 16.00 
hir 
24 8.50 O O 7.0 4.66 O O 14.66 
hir 

Calculated 

TABLE III 

Effect of Chlorine Dioxide Contact Time on Effluent's Ammonium Nitrites, 
Nitrates and COD. CIO Dose 5.2 mg/L. 

Contact 
Time 

Raw O 
Effluent 24 hrs 
Effluent O 
Calculated 10 min 

30 min 

HOC Sum 
CIO, CIO, mg/L Cl 
mg/L mg/L mg/L mg/L COD 
8S 8S 8S as mg/L NH N NO N NO N 

pH CIO, CIO Cl2 Cl O2 mg/L. mg/L. mg/L. 

7.4 - 238 38.1 O.O O.08 
8.2 - 190 38.79 O.O O.09 

S.2 2.6 2.2 21.2 235 34.6 O.O O.O7 
7.3 19 2.8 O 1O.S. 216 34.75 O.O O.08 
7.4 1.4 3.7 O 11.5 214 34.75 O.O O.09 
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TABLE III-continued 

Effect of Chlorine Dioxide Contact Time on Effluents Ammonium Nitrites, 
Nitrates and COD. CIO. Dose 5.2 mg/L 

HOC Sum 

CIO, CIO, mg/L Cl 
mg/L mg/L mg/L mg/L COD 

Contact 8S 8S 8S as mg/L NH N NO N NO N 

Time pH CIO, CIO, Cl, Cl, O, mg/L. mg/L mg/L. 

1 hr 7.4 1.0 4.2 O 116 214 O.O O.15 

2 hrs 7.5 O.8 4.6 O 11.7 216 O.O O.09 

3/3 hrs 7.6 O4 5.0 O 11.5 216 35.54 O.O O.09 

24 hrs 7.95 O 5.3 O 11.2 220 34.75 O.O O.09 

*Concentration calculated due to dilution by adding 36 ml CIO stock solution to 3.50 Leffluents, Chloramines concentration is 
ZeC, 

TABLE IV 

Effect of Chlorine Dioxide Contact Time on Ammonium Ion, Nitrites and 
Nitrates Added to Tap Water, at Neutral pH. CIO. Dose 19.2 mg/L. 

HOC+ 

CIO, CIO. NH2Cl Sum Cl 
mg/L mg/L. mg/L. mg/L. Sum NO + 

Contact 8S 8S 8S 8S NH' N NO-N NO N NO, 
Time pH CIO, CIO, Cl2 Cl2 mg/L. mg/L. mg/L. mg/L N 

O 7.3 19.2: 118:8 7.3% 82.7% 45.2 8.8 2.2 11.O 

10 min 7.2 O O.26 45.2 5.3 5.9 11.2 

30 min 7.25 O 28.7 O.19 6O.S 44.3 5.3 6.O 11.3 

1 hr 7.6 O.07 28.5 O.19 60.4 45.2 5.3 6.1 11.4 

3 hrs 7.9 O.O3 29.5 O.19 62.2 45.2 5.3 16.0 11.4 

24hrs 8.3 O.O8 3O.S O.2O 64.5 44.1 5.3 

Calculated after addition of stock solution. 

TABLEV 

Effect of pH on Chlorine Dioxide, Chlorite Ion and Free Chlorine Residuals in 
Effluents. CIO, DOSes 19.2 mg/L and 37.5 mg/L. Contact Time 20 Minutes. 

DOSE 19.2 mg/L as CO2 DOSE 37.5 mg/L as CIO2 

CIO Sum of CIO 
CIO HOCl mg/L C CIO HOCl mg/L. 

pH mg/L as mg/L. 8S mg/L. pH mg/L as mg/L. 8S 

Ini.* Final CIO, as Cl2 CIO as Cl2. Ini.* Final CIO as Cl2 CO2 

7.5% 19.20% 42* 4.02: 63.08 7.5% 37.50* 8.23% 7.8% 
4 3.4 4.66 O 3.03 1863 4.0 3.5 25.84 0.55 
5 4.6 4.37 O 5.8.2 21.09 S.O 4.95 26.88 O.18 
6 6.45 4.95 O S.68 24.95 6.O 6.OS 24.2O O.21 
7.5 7.3 3.84 O 6.40 23.56 7.5 7.3 25.27 O.86 
9 8.8 1.27 O 10.63 25.70 9 8.8 15.13 O 

O 10 9.9 O.11 12.13 25.81 10 9.8 5.23 O 

Ini.—Initial 

*The initial concentrations calculated from the given dose of CIO mother solution. Chloramines concentration is zero. 
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TABLE VI 

Residual CIO, CIO & HOCl in mg/L in Disinfection of Trickling Filters 
Effluents with Various Doses of CO2. 2.7, 7.8 and 10.8 mg/L. 

DOSE 7.8 mg/L as 
DOSE 2.7 mg/L as CO2 CIO2 

Sum Sum DOSE 10.8 mg/L as CIO2 

of of Sum 
Contact CIO, CIO. HoC *CI CIO, CIO. HoC1 * CI CIO, CIO. HoCl of 
time 8S 8S 8S 8S 8S 8S 8S 8S 8S 8S 8S * Cl 

min. CIO, CIO Cl2 Cl2 CIO, CIO Cl2 Cl2 CIO, CIO Cl2 as Cl2 

O 2.7 O.14 O.24 3O8 7.8O O41 O.69 8.90 10.80 O.S6 O.95 12.31 
5 O O.17 O O.36 1.28 2.78 O 9.20 3.10 2.50 O 1341 

2O O O.20 O O.4S 1.03 2.76 O 8.52 2.17 2.89 O 11.78 
35 O O.O O O O.84 2.52 O 7.52 2.07 3.42 O 12.64 

*Sum of C1 = ClO3 + ClO3 + C 2 + mono chloramine as Cl 

TABLE VII 

Disinfection of Trickling Filters Effluents with Various Doses of CIO and 
Contact Times 

CIO Contact Total Total Confirmed Fecal Coli 
Dose Time Count per Coliform Coliform per EC Media Streptococcus 
mg/L min. 100 mL. per 100 mL. 100 mL. per 100 mL. per 100 mL. 

O O 2 x 108 3.3 x 107 3.3 x 107 3.3 x 107 1.85 x 108 
2.7 5 6.75 x 107 2.4 x 107 1.3 x 107 2.4 x 107 8.4 x 107 
2.7 2O 5.3 x 10' 1.3 x 10' 2.4 x 107 1.3 x 10' 2.4 x 10' 
2.7 35 3.1 x 107 2.4 x 10 2.4 x 10 3.5 x 10 
S.O 15 2.0 x 10 2.4 x 10 2.4 x 10 2.4 x 10 
S.O 30 1.6 x 10 7.9 x 10 1.1 x 10° 7.9 x 10 
S.O 45 9.0 x 10' 2.4 x 10 7.9 x 10 4.6 x 10 

10.8 5 1.2 x 10 1.3 x 10 1.3 x 10 9.2 x 10? 2.7 x 10 
10.8 2O 2.9 x 10 3.3 x 102 14 14 8.0 x 10 
10.8 35 2.5 x 10' 7.9 x 10 7.8 2 

TABLE VIII 

Effect of pH on Disinfection of Effluents with Constant CIO. Dose 9.86 mg/L. 
and 30 Minutes Contact Time. MPN per 100 ml. 

pH Total Confirmed 

Initial Final Coliforms Coliforms Fecal Coli Total Count E-Coli Phage 

Control 7.5 - 4.9 x 107 4.9 x 107 4.9 x 107 2.4 x 10 2.4 x 10 
Control 4.6 – 4.9 x 10' 3.3 x 10' 1.1 x 10' 2.0 x 10' 4.3 x 10' 
Control 10.0 – 1.3 x 10' 1.3 x 10' 1.3 x 10' 4.0 x 10' 2.4 x 10 

4.6 4.4 4.5 2 2 5 O 
5.5 5.6 7.8 2 2 15 O 
6.5 6.7 7.8 4.5 O 30 O 
7.5 7.6 49 17 1.8 1 x 10? O 
8.2 8.1 4.6 x 10? 33 23 2 x 102 2 
9.1 9.2 5.4x 10- 7.9 x 102 2.7 x 102 2.5 x 10 79 
10.0 10.0 2.4 x 10 1.3 x 10' 1.3 x 10' 6.8 x 10? 79 

Example 1 junction with a reduced hot water regime and find if results 
The Southwell Dairy Treatment system sing milk quality were compromised by the use of the 

system. 
0665. This system is unique as to the manner in which the 0667 
constituent parts are used and also how the ingredients mak- use of the Southwell Svstem 
ing the chlorine dioxide diluent are assembled. y 
0666. This study was undertaken to determine the efficacy 0668 Conclusions 
of Southwell Extender, a proprietary oxy-chlorine sanitiser 0669 Milk quality results were not compromised by using 
and a commercially available acid and alkali product in con- the Southwell system. 

Costs of traditional chemicals were compared with 



US 2012/0225135 A1 

0670 Actual power consumption readings showed a fall in 
the amount of power used. 

November 

TOTAL 1852.47 
January 

TOTAL 1075.26 
May 

TOTAL 912.64 
Cleaning material costs 

Alkali 140.00 
Acid 8OOOO 
Extender 1100.00 

TOTAL CLEANING MATERIAL COSTS 2O4(OOO 

0671 Materials and Procedures 
0672. The farm is located in the Northern Wairarapa and 
milks two hundred and sixty cows in a twenty four a side 
herringbone shed. 
0673. The selected Santiser, bio-film remover, was South 
well Extender, Chlorine dioxide in aqueous diluent <1000 
ppm (approval number h 2166a.) and it was obtained from 
Southwell Products Ltd. 

0674) It was noted that approval for the use of this product 
will be subject to the following conditions as per NZFSA 
requirements: 
1. To be used as part of a cleaning regime that includes hot 
water cleaning 
0675 FIL Impact Blue, a caustic cleaner based on sodium 
hydroxide was obtained from a farm Supplier and was used as 
the alkali cleaner during the period of the study 
0676 FIL JetSet, a phosphoric acid, was the selected 
acidic cleaner. 

0677 All materials were used as recommended by the 
respective manufacturers i.e. 
0678 
0679 The plant was cleaned prior to the beginning of the 
season with seven hot acid washes in the morning and with 
seven hot alkali washes in the afternoon. The plant was rinsed 
with potable water after each wash. 

Extender 240 mls per 360 litres of water 

Southwell Products recommended the following regime . . . . 

1 2 3 4 5 6 7 

8.l. 

Alkali Hot X * X * X * 
Acid Hot * X * X * X * 
p.m. 

Extender cold X X X X X X X 

Followed by cold potable water rinse with a typical recycle 
time often minutes 
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On the trial farm the following system was adopted 

1 2 3 4 5 6 7 

8.l. 

Alkali Hot X : : : : : : 

Acid Hot * * * * X * * 

p.m. 

Extender cold : : : : : : : 

Followed by cold potable water rinse with a typical recycle 
time often minutes 

As part of a secret trial the following system was adopted 

1 2 3 4 5 6 7 

8.l. 

Alkali Hot X : : : : : : 

Acid Hot * * * * X * * 

p.m. 

Extender cold : : : : : : : 

— Extender wash 

0680. Followed by cold potable water rinse with a typical 
recycle time often minutes 
0681 All pipes and joins were cleaned four times in the 
season; at the start of the season, after calving, after mating 
and in March. 

0682. The vat was cleaned using two cold acid washes per 
week and the remainder using Southwell Extender. 
0683 Monitoring of the performance of the operation was 
done by Fonterra and energy consumption data was Supplied 
by Genesis Energy. 
0684. Results 
0685. The milk quality results were as follows 

Day SCC Bacto. Coliforms Inhabs Thermos 

November 

10 2O3 
9 221 
8 227 
7 210 
6 16S 
5 158 
4 177 A+ 

December 

10 173 
9 169 A+ 
8 140 
7 153 
6 154 
5 163 
4 138 
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January 

10 

February 

10 

March 

Day 

10 

63 

60 

33 

46 

70 

35 

35 

89 

231 

238 

65 

59 

63 

93 

SCC 

707 

357 

162 

175 

169 

191 

171 

-continued 

A+ 

A+ 

Bacto. Coliforms 

A+ 

8'change to once a day milking 

Inhabs Thermos 

100 

1600 

1700 

1800 

1200 

1800 

700 

*Thermos due to perished rubber ware, dirty milk air lines and not 
attributable to plant cleaning 

April 
Day SCC Bacto. Coliforms Inhabs Thermos 

10 249 

9 

8 240 

7 

6 Unavailable Unavailable Unavailable 

5 

4 253 A+ 

Power Consumption 

0686 Actual Power reading at: -November (Contains part 
of October) 

Business Night 
Business Day 
Daily fixed charge 

TOTAL 

Units used 

2903 
5455 

31 days at 

Cost 
Cents 

12.10 
26.98 
95.00 

Extension 

351.26 
1471.76 

29.45 

1852.47 
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January 

0687 

Cost 
Units used Cents Extension 

Business Night 871 12.10 105.39 
Business Day 3468 26.98 935.67 
Daily fixed charge 36 days at 95.00 34.2O 

TOTAL 1075.26 

May 

0688 

Cost 
Units used Cents Extension 

Business Night 1094 12.10 132.37 
Business Day 2781 26.98 750.32 
Daily fixed charge 31 days at 95.00 29.95 

TOTAL 912.64 

0689. Use in chilled and refrigerated water or brine to 
extend the shelf life of fish 
(0690 Previous to the introduction of the Southwell Sys 
tem high cost fish Such as tuna caught in long line fishing 
Voyages were gutted and wrapped in muslin and Suspended 
by the tail in a tank containing chilled/refrigerated sea-water. 
This procedure was employed to retard the proliferation of 
spoilage mechanisms. Under the above regime Voyage times 
were nine days. 
0691. The introduction of Southwell Extender chlorine 
dioxide in aqueous diluent has extended Voyage times to 
sixteen days with any visible deterioration of the fish. 
0692 Trials on various fruits, vegetables and other prod 
ucts Subject to rapid spoilage have shown considerable resis 
tance to spoilage mechanisms. 
0693. Also surprisingly, this process has particularly use 
in the field of embalming and especially the mortuary envi 
ronment where a cadaver is flushed using chlorine dioxide in 
aqueous solution in conjunction with a use system devised by 
Mr. Adrian Featherstone of Mortech Industries (NZ) Ltd. 
0694. Use of chlorine dioxide with various additives to 
exhibit new uses 

0695 Chlorine dioxide does not mix readily with other 
materials because of its oxidative effect. However there are 
uses where it is desirable to have the aqueous diluent to be part 
of new carrier. 

0696. To this extend we have adopted a system of not 
trying to blend the diluent with the new material but rather use 
it as part of the reaction thereby extending its stability from 
“mix on the day” to periods in excess of three months. 
0697 Preferably, with a carrier such as glycerinto act as a 
fixative in the manufacture of a teat spray to be used in the 
dairy industry 
0698 Preferably, with a surfactant to be used as a deter 
gent for the lifting offat and protein spoils while also having 
a disinfectant effect. 
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0699. In one embodiment the stabilised chlorine dioxide 
solution is added to refrigerated sea-water preferably at Zero 
point five degrees Celsius (0.5 deg. C.) at a rate of one litre (1 
L.) per one thousand litres (1000 L.) of sea-water. The effect 
of the stabilised chlorine dioxide solution is to suppress the 
growth of spoilage bacteria thereby allowing Voyage times to 
be extended from nine (9) to sixteen (16) days. 
0700. This embodiment has been refined to add four hun 
dred millilitres (400 ml.) of stabilised chlorine to one thou 
sand litres (1000 L) of water used in the making of ice in 
commercial ice making machines. When the ice is packed 
around fish the change in temperature releases the stabilised 
chlorine dioxide and has the Suppressing effect on spoilage 
bacteria as above 
0701. A further embodiment see stabilised chlorine diox 
ide introduced into cadavers with the effect that on contact 
with spoilage bacteria in the bodies system retardation takes 
place thereby holding back the natural decomposition of the 
body. 
0702. In agriculture and horticulture stabilised chlorine 
dioxide has been used as both a topical spray and also inocu 
lated into the plant itself. 
0703 Introduction to Biofilms 
0704. Many bacteria are planktonic, that is they float 
around in water. Most microbiological work is done using 
these Suspended cultures on water samples. 
0705 Most of the bacteria that cause problems are sessile, 
attached to a Surface. Once bacteria attach to a surface they 
change. 
0706 The most obvious change is that they begin to 
excrete a slimy material, hence the source of the derivation of 
the word biofilm. However, research is showing that biofilm is 
not merely the provision of the excretion of slimy material but 
rather they are showing that bacteria which attach to a Surface 
turns on a whole different set of genes which effectively 
makes it a significantly different organism to deal with com 
pared to the planktonic material. 
0707 Bacteria living in a biofilm do a number of things 
differently from the single planktonic cells of the same type of 
bacteria e.g. Pseudomonas aeruginosa, and these are: 
0708. There is a division of labourina biofilm where some 
cells utilise the available nutrients to turn on metabolic path 
ways. Other cells utilise degradation products (suspended 
Solids, corrosion products, dead bacteria and algal cells) to 
produce new cells that are dispersed into the biofilm environ 
ment. 

0709. In biofilms, bacteria (film forming fungi can also 
form biofilms) employ cell-cell communication which is now 
termed quorum sensing where they sense the level of 
increased cell population density and they release and detect 
hormone-like molecules that accumulate in the Surrounding 
aquatic environment as the bacterial cell density increases. 
0710. The biofilm having achieved this quorum sensing 
shows vast differences in heterogeneity from the same bac 
terial species in different environments. 
0711. The biofilm having achieved this quorum sensing 
status can begin to excrete toxins and polysaccharides, 
change the properties of the original bacterial cell, and change 
the shape of the biofilm. 
0712 Characteristics of Biofilms 
0713 Biofilms consist of: 
0714 water (85% to 95% by weight) 
0715 Microbial cells 
0716 Extra-cellular polymeric substances (EPS) such as 
polysaccharides, proteins and other biopolymers, Suspended 
Solids, Corrosion products, Algal material, Fungi & Protozoa. 
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0717 The biofilms grow in micro-colonies embedded in 
the EPS structure which are interspersed with less dense 
regions containing highly permeable water channels. Count 
ing of individual micro-organisms in a biofilm is not practical 
and in addition a number of species in the growing biofilm can 
not be cultured. 

0718 Research has shown that there is no difference in the 
rate of colonization across different types of supporting mate 
rial (glass, stainless Steel, rubber lining). The actual number 
of viable cells in the biofilm will differ in terms of absolute 
number of colonies. 
0719. Biofilm structure is very dependent upon fluid 
velocity of the water, nutrient load, temperature, pH, electro 
static potential, biocide concentration and biocide contact 
time. Change a process parameter and the biofilm structure 
changes. Biofilms can grow across a vacuum. 
0720. There are four ways by which detachment of biofilm 
from a surface takes place, 
0721 Erosion, small particles from the biofilm surface 
being detached into the bulk fluid 
0722 Sloughing, large pieces of biofilm being detached 
0723 Abrasion, detachment by collision of solids 
0724 Grazing, removal of biofilm due to its consumption 
by higher organisms such as protozoa 
0725. These four different methods of detachment each 
exert a different response in counting microbiological colo 
nies in bulk water samples and they exert different effects on 
disinfectant or biocide efficacy. 
0726 Detachment of biofilm can occur by increasing the 
flow rate of water to greater than 3-4 metres per second. Fluid 
shear forces cause erosion whilst high fluid velocities cause 
abrasion and sloughing. 
0727 Sloughing of biofilm is caused by disinfectants or 
biocides. 

0728 Detachment of biofilm is dominated by the electro 
static interaction in cell to cell attachment. Change in elec 
trostatic potential can change the biofilm structure. 
0729. The structure of biofilms is a function of the spatial 
distribution and homogeneity of the biofilmina water circuit, 
hence, the importance of measuring spatial distribution of 
biofilm. 
0730. The structure of biofilms depend on the following, 
Turbulent flow produces homogeneous and slimy biofilms. 
Laminar flow produces a scattered biofilm with significant 
protuberances. Laminar flow biofilms are more easily inacti 
vated than turbulent flow biofilms. 
Turbulent flow biofilms are more active as seen by the 
increase in respiratory conditions for the micro-organisms, 
have less EPS but higher protein content. (Proteins which 
contain glycine, lysine and histidine react with many disin 
fectants/biocides like chlorine, bromine, oZone, glutaralde 
hyde, QAC's, peracetic acid products, hydrogen peroxide. 
Please note there is no reaction with chlorine dioxide) 
0731. The effect of disinfectants or biocides is related to 
the age of the biofilm. Younger biofilms are easier to remove 
but age is relative for each system as age varies from minutes 
to days. 
0732 Shock dosing of a disinfectant or biocide has been 
demonstrated to be significantly more Superior to continuous 
low level dosing in the removal or detachment of biofilms. In 
many cases the level of detachment of biofilm changes by 
factors of 10 to 100 times for shock dosing compared to 
continuous dosing. 
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(0733. The decrease in the susceptibility of biofilms to 
disinfectants or biocides has been proven to be influenced by 
phenotypic characteristics of the adherent cells and biofilm 
rather than biofilm structure, the various cells in the biofilm of 
the same bacterial type, that originally formed the biofilm 
undergo physical or chemical changes due to the formation of 
the biofilm thereby they exhibit different properties to their 
planktonic relatives. 
0734 Biofilms do not grow in homogeneous structures. 
They change their shape, size and other chemical or physical 
characteristics across any given unit area and across the 
whole system, spatial distribution of the biofilm is a major 
factor in determining the ease of detachment of the biofilm. 
0735. In potable water distribution systems biofilm forma 
tion leads to a deterioration of the microbiological quality of 
the treated water resulting in: 
0736 Re-growth of coliforms of non-faecal origin 
0737 Multiplication of opportunistic pathogens like 
Aeromonas, Pseudomonas and Legionella 
0738. Increased heterotrophic plate counts 
0739 Colour, odour and taste problems 
0740 Microbiologically induced corrosion (MIC) 
0741 Induction of scaling 
0742 The provision of protective places for pathogenic 
bacteria 
0743 Microbial measurement in potable water systems 
poses special problems mainly related to the low amount of 
bacteria present, low levels of nutrients in the potable water 
and their low activity. 
0744. The best suited techniques are those that are very 
sensitive to these small changes. 
0745 Impact of Disinfectants/Antimicrobials/Biocides 
on Biofilms 
0746 Glutaraldehyde has been shown to provide a protec 

tive effect on cells against lysis and has no effect on biofilm at 
200 ppm levels 
0747 The most widely tested compounds used to control 
biofilm have been chlorine, hydrogen peroxide, Quaternary 
Ammonium and peracetic acids. These chemicals have been 
shown to have very poor to no effect on biofilm detachment. 
0748 Ozone has been shown to kill cells in the biofilm 
without any detachment of the biofilm. Re-growth of the 
micro-organism population 2 to 4 days later is evident with 
OZOne treatment. 

0749 Biofilms have been shown to grow across UV lights 
quite readily. 
0750. The latest research by G. Gagnon, Dalhousie Uni 
versity in Canada has shown that chlorine dioxide and 
chloramines are very effective in the detachment of biofilms 
in potable water distribution systems 
0751. There is no one mechanism rather researchers 
believe that there are 3 broad categories: 
0752 Reduction of the antimicrobial concentration in the 
water surrounding the biofilm 
0753. The antimicrobial agent is depleted to ineffectual 
levels before it gets to the biofilm. 
(0754) Failure of the Antimicrobial Agent to Penetrate the 
Biofilm 
0755. The antimicrobial agent is delivered to the surface of 
the biofilm but it does not effectively penetrate the biofilm. 
0756 Adoption of a resistant physiological (phenotype) 
by at least a fraction of the cells in the biofilm 
0757. The antimicrobial agent permeates the biofilm but it 

is unable to kill micro-organisms because they exist in a 
phenotype state that confers reduced Susceptibility. 
(0758. The reduced susceptibility of biofilms has not been 
attributed to the usual mechanisms of mutation or acquisition 
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of genetic elements that cause specific resistance genes that 
account for conventional antibiotic resistance. For these 
mechanisms to explain biofilm resistance, the genetic modi 
fication would have to appear in the biofilm but absent in the 
planktonic state, this is not happening. 
0759. Some research has also shown that the amount of 
biofilm removed and the reduction in viable cell numbers in 
the biofilm were not correlated. Some antimicrobial agents 
cause significant killing but not much removal of biofilm and 
vice versa. This underscores the fact that biofilm removal and 
cell killing are distinct processes and both need to be fulfilled 
to have a successful treatment. 

0760 Measurement showed that in an ice water system in 
one winery a residual of 1 ppm chlorine dioxide gives results 
while at another, good results were only obtained with 3 ppm 
residual. 
0761 Research has shown that a shock dose of an antimi 
crobial will do more damage to the biofilm than a low con 
tinuous dose and this is easily explained by the three mecha 
nisms which explain antimicrobial resistance. There is a 
minimum inhibition concentration (MIC) that any antimicro 
bial requires before it can inactivate a bacteria cell. 
0762. It is obvious that the MIC for the same type of 
bacteria can differ from site to site which explains why one 
begins to get a good result but one week the bacteria counts 
are high again. A shock dose at this point will get on top of the 
problem. 
0763 Chlorine dioxide is a more effective antimicrobial 
than most other chemicals because of its small molecule; it is 
nonionic, it is a gas, it is highly soluble in organics, it does not 
react with polysaccharides, has very few chemical reactions 
and is stable in water with a measurable residual. 

0764. Even with these characteristics there is no “stan 
dard' level for removal of biofilm. 
0765. Overview to Biofilm Monitoring 
0766 Bio-fouling is a biofilm problem it is an undesired 
deposition and growth of micro-organisms on Surfaces Such 
as heat exchangers, water storage and distribution systems 
and in medical applications. These biofilms cause significant 
economic losses. Any strategy which incorporates anti-foul 
ing technologies will be more cost effective if the extent of the 
biofilm could be monitored on-line in real time without 
destroying the biomass formation. 
0767 Current bio-fouling monitoring techniques rely on 
the removal of biomass from the system in the form of cou 
pons that have been exposed to the fluid for a given period of 
time. These samples are then analysed which is time consum 
ing and requiring skilled personnel. Furthermore, current bio 
film control technologies are based on 
0768 Monitoring the process performance or product 
quality, the biofilm is detected only after it has already caused 
economic losses. 

0769 Biofilm monitoring is based on decisions made from 
the results obtained from bulk water samples. It has been 
shown above that there is no correlation or relationship 
between planktonic bacteria and sessile bacteria of the same 
type. 
0770 Biofilm is usually treated as a disease of the plant 
process water. If the organisms in the bulk water are killed a 
cure of the disease is made. 

0771) Disinfectants are used to kill the organisms in the 
bulk water, however, they will leave dead biomass in the 
system that accumulates and promotes re-growth of the 



US 2012/0225135 A1 

organisms by using the dead biomass as a nutrient source. (In 
many instances the real problem is the biomass of the bio 
film). 
0772. Some oxidising disinfectants (like chlorine dioxide) 
cleave the bonds between the extra cellular polymeric sub 
stances (EPS) which are responsible for the attachment of the 
biomass. This detached biomass needs to be inactivated, by 
shock dosing, so as to stop the re-growth potential. 
0773 Biofilms are resistant to many disinfectants like 
chlorine, oZone, peracetic acid because they only cause cell 
deaths and re-growth of the biofilm is evident. In these 
instances a "saw tooth curve' of micro-organism levels is 
evident. 
0774. In most instances the amount of nutrients in a sys 
tem is not limited. Oxidants like oZone can actually increase 
the amount of assimable organic carbon content thereby 
increasing the biomass quantity. 
0775 Biofilms are evident some time after formation. 
Research has shown that detachment of the biofilm is depen 
dent upon its age, the type of disinfectant or biocide used; its 
concentration and contact time available in the system. 
0776 The general mode of operation is for the significant 
over use of poorly selected disinfectants or biocides that 
result in economic or environmental concerns and costs. 
0777 Contemporary bio-fouling control strategies oper 
ate with information from water samples and blindly apply 
ing disinfectants or biocides because they kill these organ 
isms in the planktonic state. 
0778 Bio-Fouling Monitors Operate on Four Levels 
(0779 Measurement of the Kinetics of Deposition of Mate 
rial and Changes to the Physical Properties of the Deposit 
0780. These systems cannot detect the difference between 
micro-organisms (biotic) and abiotic deposit components like 
corrosion deposition, Suspended solids, scale and non micro 
organisms. Kinetics based systems work on a variety of 
parameters like light scattering; turbidity measurements; 
electrochemical changes in conductance; redox potential and 
heat transfer exchange resistance. 
0781 Systems which can Distinguish Micro-Organisms 
(Biotic) and Abiotic Deposits in a Biofilm 
0782. These systems can measure the kinetics of deposi 
tion of biofilms and some measure the spatial distribution of 
biofilms. They can be used to correlate biofilm structure with 
absorbance for a given set of plant conditions. They can also 
be used to monitor disinfectant or biocide efficacy by changes 
in biofilm structure. 
0783 These systems use infrared sensors, fluorescence or 
microscopic observations. 
0784 Systems that provide detailed chemical and or 
physical composition of the biofilm. 
0785. They use sophisticated spectroscopy and micros 
copy analysis and currently are only suitable for biofilm 
research and not for use in industry. 
0786) Systems can discriminate between living and dead 
organisms within the biofilm Surface. 
0787 To-date no such equipment exists. 
0788 Bio-fouling monitoring is direct, on-line, in-situ, 
continuous, non-destructive real time information regarding 
biofilm in a specific system. Industrial process water or 
potable water is not a sterile system hence there is a level of 
biofilm in all systems which is inherently present without 
causing problems to that system. 
0789. The difficulty lies in determining the “base-line” for 
each system. 
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0790 Bio-fouling monitoring is basically a means of 
monitoring physical, chemical parameter(s) it is not a means 
of quantifying biofilm function. 
0791 Currently there is no way of doing this. 
0792 Biofilms do not conform to any mathematical 
model; they vary in thickness, density and physical or chemi 
cal composition from point to point in any given biofilm in 
any given process water system. Bio-fouling monitoring is a 
means of measuring and comparing specific parameter(s) in 
biofilms in a specific, process over a period of time. 
0793 Optimising the type of disinfectant or biocide to be 
used, cleaner applications that require more Sophisticated 
monitoring strategies and different bio-fouling removal tech 
nologies are going to become the state of the art techniques to 
optimise disinfectant or biocide usage. 
0794 Biofilm Control Strategies 
0795. Selection of the right disinfectant/biocide and the 
most cost effective shock dose timing regime 
0796. The applied dosing of the appropriate disinfectant or 
biocide in a biofilm control strategy will need to satisfy the 
following conditions:— 
0797 Low redox potential 
0798 No hydrolysis or dissociation in water 
0799. Few chemical reactions particularly with polysac 
charides, proteins, enzymes and b-polymers 
0800 High solubility and stability in hydrocarbons 
0801 Identification of biofilm formation, above the level 
of the baseline biofilm that no time is wasted in remedial 
action 
0802 Changes in process conditions alter the rate of colo 
nisation and biofilm characteristics. Bio-fouling monitoring 
needs to be sensitive to these changes. 
0803 Each system will have different biofilm characteris 
tics even if the same bacteria type is the responsible organism, 
e.g. slime formers, SRB's etc. Dosing patterns will vary. 
0804 Detachment of biomass, in most cases, is important 
without causing process or product contamination. Only kill 
ing of cells prevents re-growth. (Soak and disinfect process 
off-line will achieve these results provided the disinfectant 
can remove biofilm). 
0805 Shock dosing in terms of concentration and time 
between intervals will vary from system to system. The only 
method of effectively monitoring the cost effectiveness of this 
treatment is by using a bio-fouling monitor which can moni 
tor disinfectant or biocide efficacy. 
0806 Biofilms contain areas of highly permeable water 
channels. Disinfectants or biocides efficacy requires a diffu 
sion time for the product through these channels. Over a 
period of time more biofilm is removed and the disinfectant 
biocide shock dosing pattern will be reduced. 
0807 Bio-fouling control is a sophisticated science with 
no standard method to treat similar systems. There is a need 
for product optimisation used in conjunction with a bio-foul 
ing monitor prior to attaining the desired results but this 
process will be far more cost effective then blindly adding a 
disinfectant or biocide in the hope of controlling biofilms. 
0808. A number of techniques will be needed to be used to 
achieve the most cost effective treatment programme. 
0809. The focus of our bio-fouling control strategy will be 
centred on a biomass SCOPE to give us on-line real time 
information about the start of biofilm formation. At this point 
the biofilm is at its weakest state. The SCOPE unit will give a 
digital signal at the outset of the biofilm formation which will 
then activate a chlorine dioxide shock dose. The duration of 
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this shock dose will be determined by the SCOPE and through 
empirical results from the monitored process parameters. 
0810. As is evident from all the research on biofilms there 

is no “standard” method of removal and killing of biofilm. 
Each system is to be evaluated individually and interms of the 
customer's requirements taking into account: 
0811 Process performance 
0812 Product integrity 
0813 Regulatory issues HACCP, Eurogap, Food Safety, 
ISO 14000 environmental discharge regulations, FDA, EPA 
and EU approvals 
0814 Cost effectiveness 
0815. Microbiological efficacy 
0816 To achieve these requirements we will make use of: 
0817 Soak And Disinfect Procedures: 
0818 Chlorine dioxide has been shown to be hugely effec 

tive in the removal of biofilm biomass through the use of a 
Soak and disinfect process. 
0819. The water storage and distribution system is treated 
with 5 to 15 ppm residual chlorine dioxide solution which is 
then held for periods of 1 hour to 24 hours at this residual. 
0820. The nett result is the removal of the biofilm biomass 
which can create its own array of problems. 
0821 Bio-Dispersants 
0822. The concept of Bio-dispersants is widely used in the 
treatment of cooling systems. We now have an on-line means 
of determining the most cost effective bio-dispersant. Bio 
dispersants are used on a shock dose basis and the intervals 
between shock doses can be optimised for each system in 
order to maximise results with costs. 
0823. Shock Dosing Chlorine Dioxide 
0824. Most industries are happy to undertake continuous 
dosing of chemicals, chlorine dioxide included, however 
shock dosing will in fact give more effective results. The 
Biomass detector will allow us to wean industry off continu 
ous dosing and use shock dosing. Where there are significant 
cost benefits to be derived from using shock dosing. 
0825 Synergistic Antimicrobial, Biocide Combinations 
0826. There is no ideal biocide, so there is room in the fight 
against BIOFILM, BIOMASS to use combination products 
for the most effective results. These combinations will be 
determined, by the nature of the process and extent of the 
problem. 
0827 OZone and UV light in potable water for the quick 

kill and chlorine dioxide for the residual 
0828 Chloramines Together with Chlorine Dioxide 
0829. The chloramines is used as the residual source and 
the chlorine dioxide to breakdown the biofilm and nitrifying 
bacteria 
0830 QAC (QUAT) products in combination with chlo 
rine dioxide, QAC products have great wetting ability. 
0831. Some biocides have longer half-life than chlorine 
dioxide in cooling water systems so combinations would 
provide cost effective solutions. 
0832. Furthermore, bio-dispersants programmes with 
chlorine dioxide could well reduce the need for re-tubing 
condensers in power plant circuits. 
0833. Non-oxidising biocides in combination with chlo 
rine dioxide (an oxidising biocide) will provide maximum 
insurance against organisms showing resistance to any bio 
cide. This is equally important in cooling towers as well as in 
the cleaning of poultry houses particularly in the latter case 
against the spread of the quick mutating avian flu virus which 
is wreaking havoc in the poultry industry in Asia. 
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0834 Biofilm control strategies will need to have multiple 
levels of attack not blindly taking Surface water samples and 
adding a biocide at a rate that the customer deems affordable. 
0835 We are able to show our customers that we have the 
capability to measure the problem and the solution. 
0836 Whilst the invention has been described with refer 
ence to specific embodiments, it will be appreciated that 
various modifications and improvements could be made to 
these embodiments without departing from the scope of the 
invention as set out in this specification. 
0837 All references, including any patents or patent appli 
cations cited in this specification are hereby incorporated by 
reference. The applicant makes no admission that any refer 
ence constitutes prior art—they are merely assertations by 
their authors and the applicant reserves the right to contest the 
accuracy, pertinency and domain of the cited documents. 
None of the documents or references constitute an admission 
that they form part of the common general knowledge in NZ 
or in any other country. 

EQUIVALENTS CLAUSE 
0838. The Invention may also broadly be said to consist in 
the parts, elements and features referred or indicated in the 
specification, individually or collectively, and any or all com 
binations of any of two or more parts, elements, members or 
features and where specific integers are mentioned herein 
which have known equivalents such equivalents are deemed 
to be incorporated herein as if individually set forth. 

MODIFICATIONS AND VARIATIONS 

0839. The invention has been described with particular 
reference to certain embodiments thereof. It will be under 
stood that various modifications can be made to the above 
mentioned preferred embodiment(s) without departing from 
the ambit of the invention. 
0840 Variations can include the steps involved to obtain 
the desired stabilised end product and scalability. 
0841. The skilled reader will also understand the concept 
of what is meant by purposive construction. 
0842. The examples and the particular proportions set 
forth are intended to be illustrative only and are thus non 
limiting. 
0843. Throughout the description and claims of the speci 
fication the word “comprise' or variations thereof are not 
intended to exclude other additives, components or steps. 

Kit of Parts 

0844. It will also be understood that where a product, 
method or process as herein described or claimed and that is 
sold incomplete, as individual components, or as a "Kit of 
Parts', that such exploitation will also fall within the ambit of 
the invention. 
0845. In a preferred embodiment the invention includes 
within its scope a kit of parts, the kit of parts providing for a 
stabilised solution of CIO for use as a sanitiser comprising in 
separate containers or as separate mixable compartments 
within the same container: 
(A) a chlorite salt and 
(B) a suitable acid and 
(C) an additional chlorite salt 
and whereincomponents (A), (B) & (C) are combined at steps 
and in amounts effective to provide for enhanced CIO sta 
bility 
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What is claimed is: 
1. An aqueous stabilised chlorine dioxide solution for use 

as a universal biocide comprising: 
(A) an effective stabilising amount of CIO, ions and 
(B) an effective biocidal amount of ClO, 
(C) an acidulator sufficient to release CIO, in a safe man 

ner, and 
(D) an amount of water qs, 
the solution being characterised in that the molar ratio of 

components (A): (B) is from 20:1 to 1:20. 
2. The stabilised chlorine dioxide solution according to 

claim 1 wherein the molar ratio of components (A): (B) is 
from 5:1 to 1:20. 

3. The stabilised chlorine dioxide solution according to 
claim 1 wherein the acidulator is HCl or H SO and the 
chlorite ions are provided as sodium chlorite. 

4. The stabilised chlorine dioxide solution according to 
claim 1 for use as a sanitiser or disinfectant for the following 
selected from: ground water, waste water, sewage, in the food 
industry, in hospitals, medical centres, rest homes, in agricul 
ture, aquaculture, fishing, poultry, horticulture, Viticulture, 
the hotel and travel industry, and in the mortuary environ 
ment. 

5. The stabilised chlorine dioxide solution according to 
claim 1 for use in the control or Suppression of one or more 
organisms selected from bacteria, viruses, yeasts, fungi, pre 
ons and actinomycetes. 

6. The stabilised chlorine dioxide solution according to 
claim 1 for use in the control or suppression of infection in 
susceptible environments selected from: vineyards, fruit 
orchards, milk sheds; poultry sheds, municipal, commercial 
and domestic water systems, vineyards, fish processing fac 
tories, fishing boats, fish farms and poultry sheds. 

7. The stabilised chlorine dioxide solution according to 
claim 1 wherein the composition is formulated as a concen 
trate or as a ready-to-use solution. 
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8. The stabilised chlorine dioxide solution according to 
claim 1 wherein the solution is stable for at least 14 months. 

9. The stabilised chlorine dioxide solution according to 
claim 1 further comprising, in combination, one or more 
additional biocides selected from ozone, UV light, chloram 
ines, bio-dispersants and non-oxidising biocides. 

10. The stabilised chlorine dioxide solution according to 
claim 1 further comprising 1 to 99% on a w/w basis or a w/v. 
basis one or more customary formulation additives. 

11. A method of preparing a stabilised chlorine dioxide 
Solution according to claim 1 by the following means: 

(i) Take 500 grams of 80% sodium chlorite and dissolve in 
Water 

(ii) add water to a two hundred litre container and 
(iii) add the Solution prepared at step (i); 
(iv) at a level of one hundred litres of water add 500-1000 

mls of a Generally Recognised as Safe Acid (GRAS) at 
a concentration of 32% w/v. 

(v) at a water level of one hundred and fifty litres add a 
further 25 grams of sodium chlorite and prepare and add 
one litre 16% w/v solution of the GRAS to the water and 

(vi) fill to 200 Litres. 
12. A method for the control or suppression of infection 

which comprises applying at a desired location the stabilised 
chlorine dioxide Solution according to claim 1. 

13. The method of claim 11 wherein the stabilised chlorine 
dioxide solution is applied by conventional means including 
spraying, flushing, dowsing, wiping, pouring, or wicking. 

14. The method of claim 11 wherein the stabilised chlorine 
dioxide Solution is applied simultaneously or sequentially. 

15. The use of stabilised chlorine according claim 1 in the 
manufacture of a biocidal composition for the control or 
Suppression of infection. 
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