Using sodium and calcium hypochlorite for water treatment

Paul Fisher, Jinsheng Huang, Youbin Zheng [add other authors as they contribute]
Calcium and sodium hypochlorite are widely used to control waterborne pathogens and algae in irrigation water.  We are most familiar with these products as bleach (sodium hypochlorite) and swimming pool tablets (calcium hypochlorite).  In this article, we discuss their water chemistry, and next month we will describe tips and technologies for delivering these two chemicals.

Mode of action
Two forms of chlorine result from adding these chemicals into water: hypochlorite and hypochlorous acid.  The balance between these two chemicals is determined by the pH of the water (Figure 1).  Hypochlorous acid (which predominates at low pH) is 20 to 30 times as effective a sanitizer as hypochlorite (favored by high pH).
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Figure 1.  Chlorine has two main forms in water.  Hypochlorous acid is a strong sanitizer, and is favored below pH 7.5.  Hypochlorite predominates at high pH, and has less sanitizing power.
If you use chlorine in a pool or hot tub, you are already familiar with how pH control is very important for chlorine to be effective: if pH is above 7.5, chlorine becomes ineffective as a sanitizer.  The chemistry for treating irrigation water is the same.  Therefore, test your water pH before installing a chlorination system.  Increasing hypochlorite concentration will raise pH (Figure 2), because hypochlorite reacts with water to release a base (see sidebar).  The best way to maintain pH in the ideal range of 6.0 to 7.5 during irrigation is with inline monitoring of pH and injection of acid.
As with all sanitizing agents, talk with experts, follow label instructions, and train staff to ensure safe operation.  For example, toxic gases are given off when pH is below 4.0 which emphasizes the important of a professional installation.
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Figure 2.  Hypochlorite is a base – increasing the concentration of sodium or calcium hypochlorite will raise pH of the irrigation water.  In this case, deionized water was used with Clorox Regular Bleach.  The exact pH-concentration relationship varies with irrigation water quality.  Research by University of Florida.

Chlorine changes the chemical structure of organic matter by oxidizing any reducible material, which includes the sensitive membranes, enzymes, and DNA of pathogen and algae spores, but also includes peat, plant material, and micronutrient chelates.  Hypochlorite is “used up” during sanitizing because its chemical structure also changes, leaving calcium or sodium chloride.  Filtration of organic matter as a pretreatment is important to reduce the ppm of chlorine required.
Concentration and measurement
“Free chlorine” is the combined concentration of hypochlorous acid and hypochlorite, along with dissolved chlorine gas.  “Free residual” chlorine means the concentration of free chlorine remaining in the sample at the time of testing.  Free residual chlorine decreases over time as the free chlorine reacts with organic matter (bacteria, fungi, algae), etc.

For example, you might add 2 ppm of “free chlorine” at the well source.  As the water flows through the plumbing system, it has a certain contact time with biofilm in the pipes.  Contact with water contaminants and biofilm may lead to a “chlorine demand” of 1.75 ppm, and in that case 0.25 ppm of “free residual chlorine” would remain.

Virginia Polytechnic Institute and State University researchers found that 2 ppm free chlorine provided complete control of zoospores from 15 Pythium and 8 Phytophthora isolates.  They concluded that 2 ppm free chlorine at discharge points (risers or sprinklers) will effectively control zoospores (the swimming infective stage) of Pythium and Phytophthora species in irrigation water.
Not all lifestages of a pathogen are equally susceptible to chlorine or other sanitizers.  For example, the Virginia Polytechnic researchers found that control of mycelial fragments of Phytophthora required 8 ppm chlorine compared with 2 ppm for zoospores.
Contact time is important, and there are differences between pathogen species and genera.  Research by the University of Guelph found that 0.3 to 2 ppm free chlorine killed zoospores of three Pythium species, with a 3 to 6 minute contact time.  However, 14 and 12 ppm chlorine was required to control Fusarium oxysporum and Rhizoctonia solani with a 10 or 6 minute contact time, respectively.
The concentration for continuous water treatment is much less than that required to sanitize pots or flats, for which a 1 part bleach:9 parts water solution (approx. 5250 ppm) for 30 minutes is recommended.
A general recommendation is to maintain chlorine levels in water at no more than 2 ppm to avoid phytotoxicity in ornamental crops, but testing on your own crop mix is advised.  When more than 2 ppm is required for pathogen control, the free chlorine needs to be reduced before application to crops, for example by dilution or allowing time for the residual level to decrease.

How long will chlorine last?

When sodium or calcium hypochlorite is mixed with water, it should be used within two hours of mixing.  Degradation rate of chlorine is reported to:

· Double for every 10oF temperature increase.
· Occur up to four times faster in the presence of UV light
· Increase with exposure to metal (containers, plumbing)

· Increase with the square of the concentration

· Increase with the organic load of the irrigation water

Measuring chlorine

Where should you measure chlorine?  If you want to minimize the risk that the irrigation water and your plumbing system are a potential source of zoospores of Pythium or Phytophthora, then 1 to 2 ppm residual free chlorine at the farthest emitter is required, which may require initial injection of 5 to 6 ppm of chlorine.  Once biofilm is removed and there is less chlorine demand from your irrigation system, then less product may be required to achieve a residual of 1 to 2 ppm and you may need to adjust the chlorine injection rate.  If your primary goal is algae control, some growers have found that a residual as low as 0.25 ppm may be adequate as a maintenance level to ensure irrigation nozzles remain clean.

A chlorine meter can be purchased for around $150 to $300 (ExTech, Hach, and Hanna all manufacture meters, for example), or color test kits are also available.  Choose a meter that measures free chlorine, rather than total chlorine (which includes forms of chlorine that are not effective for sanitation).
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Figure 3.  ORP, a measure of sanitizing power, increases as pH decreases.  Note that pH must be maintained in the range of 5.5 to 7.5 – at higher pH there is less sanitizing effect, and at lower pH toxic gases can be released.  Research by University of Florida using deionized water and Clorox Regular Bleach.

Another way to measure the oxidizing power of a solution is with an “ORP” (oxidation-reduction potential) meter ($100 to $400), which has units of millivolts.  The higher the millivolts of oxidation potential, the greater the sanitizing power.  An ORP reading of 650 mV of the irrigation water is a guideline for sanitation of the greenhouse environment.  Although data are not available for the ORP relationship with plant pathogens, 650 mV is used by EPA as an effective level to kill food safety pathogens such as E. coli.  Figure 3 again emphasizes the importance of maintaining pH below 7.5 to ensure that the chlorine is effective at increasing ORP.
Next month’s article will focus on safe and effective use of sodium and calcium hypochlorite, and provide examples of growers using these technologies.
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Sidebar: Chemistry of reaction
The complete reaction when sodium hypochlorite (NaOCl) or calcium hypochlorite (Ca(OCl)2) react with water is to form 
· hypochlorous acid (chlorine sanitizer, a weak acid)
· hydroxide (a base, which raises water pH), and 

· an extra ion which is either calcium (a nutrient) or sodium (an ion not used for growth, but slightly raises water EC).
When chlorine is added on a constant basis to water, at around 1 to 2 ppm of chlorine, there is insufficient calcium or sodium to cause benefit or harm from those ions.
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