	Chlorine Dioxide (ClO2) – 
Introduction to Chlorine Dioxide
Chlorine dioxide (ClO2) is a very unique substance. Although the molecule contains chlorine, it has little in common with chlorine or bromine. Like chlorine, bromine and ozone, chlorine dioxide is an oxidizer, meaning it can receive electrons. That is where the similarities end. Because chlorine dioxide is so radically different from chlorine and bromine, many who market or sell chlorine dioxide refer to it by its chemical symbol, ClO2.
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ClO2 and ozone have many properties in common. Both are soluble gases, are unaffected by pH between 3 and 10, and do not disassociate when mixed with water. Chlorine and bromine on the other hand, ‘disproportionate’ into active and inactive species when dissolved in water and are significantly impacted by pH. Because it cannot be compressed or stored in high concentrations, chlorine dioxide, like ozone, must be generated onsite. 5,000 mg/L is considered the maximum safe concentration of ClO2. 
 

A Brief History 
Chlorine dioxide has been used successfully for oxidation and disinfection. Applications include open recirculating cooling water systems, direct food contact, hard surface sanitization, waste water, hydrocarbon process water as well as municipal water and odor control. A myriad of technical articles have been written on the efficacy of chlorine dioxide in the above areas. 

A concern historically associated with chlorine dioxide is that an uncontrolled reaction can result in an explosion when the components are mixed too quickly. 
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Because of the inherent risks mentioned above, as well as manpower demands in generating chlorine dioxide by traditional methods, it was used mostly in large process water applications. Typical applications have included textile bleaching, pulp bleaching, downhole applications, food and municipal water treatment or in very large cooling towers in power plants, refineries or chemical plants. In these applications the dramatic cost savings and performance associated with the use of chlorine dioxide offset the concerns for onsite generation. Generators were built that could produce several hundred pounds of chlorine dioxide per day. The average concentration of chlorine dioxide in these chemical mixing generators is 3000 mg/L. 

New Technology
New technology has dramatically improved the onsite generation of chlorine dioxide. This new technology generates chlorine dioxide by electrocatalytic and electrochemical techniques. These generators typically use only one precursor, sodium chlorite. The elimination of both chlorine and acid in the process has resulted in a much safer and simpler generation process. Some of these new generators produce chlorine dioxide directly in an aqueous solution with a concentration below 1000 mg/L. This low concentration in an aqueous solution dramatically enhances the safety of the process. 

Critical Issues
1- Safety – The new EPA Risk Management Plan (RMP) drafted in 1994 became law June 1996 and its compliance was required by June 1999. With this law, all facilities with more than 2,500 pounds of chlorine stored on site must have a risk management plan. These regulations have forced many users to evaluate alternatives for chlorine gas (see, http://www.awwa.org/video/rmpinfo.htm).

2- Environment – Chlorine, the product traditionally used in pulp bleaching was found to be the source of dioxin pollution in pulp mill effluent water. Oxyhalides, such as HOCl and HOBr, which are in the +1 oxidation state, can react with certain organic compounds via addition or substitution as well as an oxidizer. It is these substitution reactions that form dioxin as well as other potentially carcinogenic disinfection byproducts (DBP’s). Disinfection byproducts in drinking water, trihalomethanes (THM’s) and haloacetic acids (HAA’s) are well known. The EPA has set ‘zero’ contaminant level goals for this family of compounds. 
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ClO2 is in the +4 oxidation state and only reacts through the oxidation process. It does not form THM’s or HAA’s. Instead of combining with organic aromatic rings to form chlorinated organic compounds, ClO2 oxidizes the ring.
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The EPA has rated ClO2 as “Best Available Technology” in pulp bleaching (see Federal Register pages 18514,18517,18526,18527 Vol. 63 No. 72). Over 60% of the pulp industry has eliminated chlorine in the pulp bleaching process and converted to ClO2 for bleaching. As a result dioxin levels have dropped significantly to below allowable limits in rivers and streams near pulp plants by using ClO2. 
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Today’s themes for biocides are “less toxic and less persistent.” While chlorine and bromine are under increased environmental scrutiny, the new potable water guidelines for the allowable limits for ClO2 have more than doubled (see, Federal Register: December 16, 1998 (Volume 63, Number 241)).

3- Health – Legionnaires disease again has a very high profile. It has been 24 years since a Legionella outbreak was first detected in Philadelphia. Since then, much has been accomplished thanks to researchers around the world. New monitoring techniques have been developed to detect the organism onsite (see the 1999 AWT conference paper by Dr. Norman Moore of Binax). Both the UK and Australia have developed stringent Codes of Practice for controlling Legionella in cooling towers and potable water systems. These longstanding programs have dramatically raised awareness. 
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To date, the Center for Disease Control (CDC) estimates that there are more cases of Legionella undetected than detected in the United States due to the low level of awareness about this disease. Hopefully, this is all about to change. New York State is in the process of releasing its own Legionella protocol and the state of Maryland completed task force meetings, which will result in their own protocol. Other states are waiting for the release of the Maryland protocol before they take any action. Additionally ASHRAE and CTI are both about to release updated Legionella protocols.
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CNN aired a television special on Legionella on November 21,1999. During the special Dr. Yu of the Pittsburgh Veterans Health Care System said, “It’s an explosive problem to realize people are dying, realize that the means are there for preventing all this from happening, and that those means are not being exercised.” Statistics show that almost 40% of the people that are infected by this disease while in hospitals will die from the disease. 
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The UK code of Practice for control of Legionella in hot and cold water systems recommends only two products for treatment of Legionella in potable water; one of these products is ClO2. Legionella is relatively simple to eradicate in bulk water. Legionella, however, tends to “hide out” in biofilm and amoebae hosts where chlorine and bromine have limited impact. ClO2 is an excellent biofilm disrupter and quickly penetrates and removes biofilm. 
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The Building Services Research and Information Association (BSRIA) produced an excellent report on the use of ClO2 to control Legionella in potable water. The report stated that ClO2 was better in controlling Legionella than high hot water temperatures (60oC) and levels as low as 0.1 ppm of ClO2 eradicated the Legionella (see, http://www.bsria.co.uk/).

Unique Benefits
1- ClO2 – “The Selective Oxidizer” – Ozone is very reactive and an excellent biocide but its use is limited by its aggressiveness and low solubility in water. Ozone will readily oxidize and destroy microbiological growth. Additionally ozone will readily react with system metallurgy and water treatment chemicals. Chlorine and bromine are not quite as reactive as ozone; however, they will react with most water contaminants and many of the water treatment chemicals as well including azole, polymers and phosphonates. 
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It is well known that ClO2 does not react with ammonia; however, this is only one of many chemicals not affected by “The Selective Oxidizer.” ClO2 does not react with acids, alkanes, alkynes, alcohols, aldehydes, aliphatic amines, ammonia, azole, carbohydrates, ethers, fats, glycol, ketones, methanol, polysaccharides, saccharides, unsaturated fatty acids and unsubstituted aromatics, among others. 
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Organic contaminants, such as those mentioned above, are regularly found in cooling and process water systems. The cooling system contaminants could be ammonia in a semiconductor plant, glycol in a process heat exchanger, oil in a textile air washer or a steel mill, food from a cooker or methanol from a chemical plant. Because ClO2 does not react with these contaminants, its demand is based on the microbiological loading in the water only. This demand impact is a major advantage in the areas of cost and performance. How does effect the water treatment vendor and end-user? 
• When tolyltriazole (TTA) is used in the presence of bromine, the demand for both TTA and bromine increases as a portion of both products reacts with each other. This results in either higher feedrates of both chemicals.
• Chlorine or bromine will accelerate the degradation of phosphonates to orthophosphate. This increased degradation rate can result in the use of more expensive dispersants or worse, deposition in the system.
• Glycol or ammonia contamination will create a significant demand for chlorine or bromine. The result could be either insufficient biocide to control microbiological growth or a higher feedrate of oxidizer, accelerating corrosion. 
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2- Biofilm & Algae Control / Removal – Biofilm is well known to be the root cause of many cooling water program failures. Biofilm provide the greatest level of thermal insulation, greater than many inorganic scales, including silica. Biofilm acts like fly paper on piping attracting suspended solids and biological organisms. As solids adhere to the biofilm the resultant deposits create a medium that increasingly attracts more and more deposition and fouling.
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Since ClO2 is a weak oxidizer, it has the ability to penetrate biofilms and planktonic organisms, attacks the pyrrole ring of chlorophyll, and is considered an outstanding biocide against algae. 

3- Alkaline Cooling Water Treatment Programs – More and more chemical treatment programs for open recirculating cooling water systems are using high pH programs. At pH 9 over 90% of the chlorine is in the weaker OCl[image: image14.png]


 form and over 45% of the bromine is in the weaker OBr- form (see chart below). At pH 9 and even up to 10, the efficacy of ClO2 as a biocide is not impacted at all.

4- Process Water – Since ClO2 is a weak oxidizer, it can bleach pulp and textiles with less damage to the fibers than chlorine. This benefit has also been observed in food applications. ClO2 provides better control of biological organisms on fruits with less damage to the skin, resulting in longer storage time and a better product.
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Other process applications where ClO2 has shown to control biofilm and biological organisms better than other oxidizers with less impact on the process include thin film membranes, food and beverage equipment and hospital equipment sterilization.

5- Chemical Destruct – ClO2 is used to destroy sulfide, mercaptans, nitrogen oxides, cyanides, phenols and aldehydes. ClO2 will safely destroy phenols, whereas chlorine can form chlorophenols and chlorinated derivatives, which have a worse taste and odor than the original phenols.

Testing
There are many methods of testing for ClO2. Spectrophotometric tests will measure directly the amount of ClO2 in the system. The ClO2 DPD test (regular DPD with glycine masking agent) is simple and accurate. However, one drawback is that it will measure the total combined values of ClO2, chlorate (ClO3[image: image16.png]


) and chlorite. This test is a dramatic example of the specific oxidizer values of ClO2. Glycine will readily consume all the chlorine and bromine in the sample but will have no affect at all on ClO2.
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The simplest method of online control for ClO2 is ORP. In manufacturing applications typically the heat load is constant and the only difference in demand is contaminants. In these cases where ORP may have been required with bromine to adjust biocide feedrate based on variation in contaminant demand, ClO2 can be fed at a constant rate.

Summary
Because of the many features mentioned above, ClO2 is a very potent biocide while at the same time being environmentally friendly. Frequently, systems that require multiple biocides find equal or better microbiological control with just ClO2. 
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ClO2 is a specific oxidizer and has little to no reactivity with many products that may be found in the water. It does, however, react with some products readily. These products include many amino acids (sulfur containing amino acids), cyanide, hydrogen sulfide, formaldehyde, iron, manganese and phenolic compounds. This quick reactivity with amino acids, the building blocks of life, is one of the reasons that ClO2 is such a strong biocide.
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Why all the commotion about ClO2? For everyone there seems to be a different reason and the list is long. The list includes treatment for potable water, food, membranes, legionella, algae, biofilm, and process applications. Also on the list are issues including synergy with water treatment chemicals, use cost, system performance, environmental impact, selective oxidizer, and wide pH range. One fact many people seem to agree upon is that there are a lot of good reasons to use ClO2.
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