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                                   April 2002  EPA Guidance Manual 
  Alternative Disinfectants and Oxidants  

                                    OZONE 

Ozone was first used for drinking water treatment in 1893 in the Netherlands.  While being used 
frequently in Europe for drinking water disinfection and oxidation, it was slow to transfer to the 
United States.  In 1987, the Los Angeles Aqueduct Filtration Plant was placed in service and now           
treats up to 600 mgd of drinking water.  In 1991, approximately 40 water treatment plants each 
serving more than 10,000 people in the United States utilized ozone (Langlais et al., 1991).  This 
number has grown significantly, with Rice (in press) reporting that as of April 1998, 264 operating 
plants in the United States use ozone.  Most of these facilities are small: 149 plants are below 1 mgd. 

Ozone is used in water treatment for disinfection and oxidation.  Early application of ozone in the 
United States was primarily for non-disinfection purposes such as color removal or taste and odor 
control.  However, since the implementation of the SWTR and proposal of the DBP rule, ozone 
usage for primary disinfection has increased in the United States. 

Ozone Chemistry 

Ozone exists as a gas at room temperature.  The gas is colorless with a pungent odor readily 
detectable at concentrations as low as 0.02 to 0.05 ppm (by volume), which is below concentrations 
of health concern.  Ozone gas is highly corrosive and toxic. 

Ozone is a powerful oxidant, second only to the hydroxyl free radical, among chemicals typically 
used in water treatment.  Therefore, it is capable of oxidizing many organic and inorganic 
compounds in water.  These reactions with organic and inorganic compounds cause an ozone demand 
in the water treated, which should be satisfied during water ozonation prior to developing a 
measurable residual. 

Ozone is sparingly soluble in water.  At 20oC, the solubility of 100 percent ozone is only 570 mg/L 
(Kinman, 1975).  While ozone is more soluble than oxygen, chlorine is 12 times more soluble than 
ozone.  Ozone concentrations used in water treatment are typically below 14 percent, which limits 
the mass transfer driving force of gaseous ozone into the water.  Consequently, typical concentrations 
of ozone found during water treatment range from <0.1 to 1mg/L, although higher concentrations can 
be attained under optimum conditions. 

Basic chemistry research (Hoigné and Bader, 1983a and 1983b; Glaze et al., 1987) has shown that 
ozone decomposes spontaneously during water treatment by a complex mechanism that involves the 
generation of hydroxyl free radicals.  The hydroxyl free radicals are among the most reactive 
oxidizing agents in water, with reaction rates on the order of 1010 - 1013 M-1 s-1, approaching the 
diffusion control rates for solutes such as aromatic hydrocarbons, unsaturated compounds, aliphatic 
alcohols, and formic acid (Hoigné and Bader, 1976).  On the other hand, the half-life of hydroxyl free 
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radicals is on the order of microseconds, therefore concentrations of hydroxyl free radicals can never 
reach levels above 10 –12 M (Glaze and Kang, 1988). 

As shown in Figure 3-1 ozone can react by either or both modes in aqueous solution (Hoigné and 
Bader, 1977): 

• Direct oxidation of compounds by molecular ozone (O3(aq)). 

• Oxidation of compounds by hydroxyl free radicals produced during the decomposition of 
ozone. 
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Oxidation Reactions of Compounds  

The two oxidation pathways compete for substrate (i.e., compounds to oxidize).  The direct oxidation 
with aqueous ozone is relatively slow (compared to hydroxyl free radical oxidation) but the 
concentration of aqueous ozone is relatively high.  On the other hand, the hydroxyl radical reaction is 
fast, but the concentration of hydroxyl radicals under normal ozonation conditions is relatively small.  
Hoigné and Bader (1977) found that: 

• Under acidic conditions, the direct oxidation with molecular ozone is of primary importance; 
and 

• Under conditions favoring hydroxyl free radical production, such as high pH, exposure to 
UV, or addition of hydrogen peroxide, the hydroxyl oxidation starts to dominate. 

This latter mechanism is used in advanced oxidation processes such as discussed in Chapter 7, 
Peroxone, to increase the oxidation rates of substrates. 

The spontaneous decomposition of ozone occurs through a series of steps.  The exact mechanism and 
reactions associated have not been established, but mechanistic models have been proposed (Hoigné 
and Bader, 1983a and 1983b; Glaze, 1987).  It is believed that hydroxyl radicals forms as one of the 
intermediate products, and can react directly with compounds in the water.  The decomposition of 
ozone in pure water proceeds with hydroxyl free radicals produced as an intermediate product of 
ozone decomposition, resulting in the net production of 1.5 mole hydroxyl free radicals per mole 
ozone. 
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In the presence of many compounds commonly encountered in water treatment, ozone decomposition 
forms hydroxyl free radicals.  Ozone demands are associated with the following: 

• Reactions with natural organic matter (NOM) in the water.  The oxidation of NOM leads to 
the formation of aldehydes, organic acids, and aldo- and ketoacids (Singer, 1992). 

• Organic oxidation byproducts. Organic oxidation byproducts are generally more amenable to 
biological degradation and can be measured as assimilable organic carbon (AOC) or 
biodegradable dissolved organic carbon (BDOC). 

• Synthetic organic compounds (SOCs).  Some SOCs can be oxidized and mineralized under 
favorable conditions.  To achieve total mineralization, hydroxyl radical oxidation should 
usually be the dominant pathway, such as achieved in advanced oxidation processes. 

• Oxidation of bromide ion. Oxidation of bromide ion leads to the formation of hypobromous 
acid, hypobromite ion, bromate ion, brominated organics, and bromamines (see Figure 3-2). 

• Bicarbonate or carbonate ions, commonly measured as alkalinity, will scavenge the hydroxyl 
radicals and form carbonate radicals (Staehelin et al., 1984; Glaze and Kang, 1988).  These 
reactions are of importance for advanced oxidation processes where the radical oxidation 
pathway is predominant. 

 
Source: Gunten and Hoigné, 1996. 

Reaction of Ozone and Bromide Ion  
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Ozone Generation 

Ozone Production 

Because ozone is an unstable molecule, it should be generated at the point of application for use in 
water treatment.  It is generally formed by, combining an oxygen atom with an oxygen molecule 
(O2): 

3O2 ⇔ 2O3 

 
This reaction is endothermic and requires a considerable input of energy. 

Schönbein (Langlais et < biblio >) first discovered synthetic ozone through the electrolysis of 
sulfuric acid.  Ozone can be produced several ways, although one method, corona discharge, 
predominates in the ozone generation industry.  Ozone can also be produced by irradiating an 
oxygen-containing gas with ultraviolet light, electrolytic reaction and other emerging technologies as 
described by Rice (1996). 

Corona discharge, also known as silent electrical discharge, consists of passing an oxygen-containing 
gas through two electrodes separated by a dielectric and a discharge gap.  Voltage is applied to the 
electrodes, causing an electron flowthrough across the discharge gap.  These electrons provide the 
energy to disassociate the oxygen molecules, leading to the formation of ozone.  Figure 3-3 shows a 
basic ozone generator. 

 

Basic Ozone Generator 
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Simplified Ozone System Schematic 

 
Gas Feed Systems 

Ozone feed systems are classified as using air, high purity oxygen or mixture of the two.  High purity 
oxygen can be purchased and stored as a liquid (LOX), or it can be generated on-site through either a 
cryogenic process, with vacuum swing adsorption (VSA), or with pressure swing adsorption (PSA).  
Cryogenic generation of oxygen is a complicated process and is feasible only in large systems.  
Pressure swing adsorption is a process whereby a special molecular sieve is used under pressure to 
selectively remove nitrogen, carbon dioxide, water vapor, and hydrocarbons from air, producing an 
oxygen rich (80–95 percent O2) feed gas.  The components used in pressure swing adsorption 
systems are similar to high pressure air feed systems in that both use pressure swing molecular 
absorption equipment.  Low pressure air feed systems use a heat reactivated desiccant dryer. 

Oxygen Feed Systems - Liquid oxygen feed systems are relatively simple, consisting of a storage 
tank or tanks, evaporators to convert the liquid to a gas, filters to remove impurities, and pressure 
regulators to limit the gas pressure to the ozone generators. 

Air Feed Systems - Air feed systems for ozone generators are fairly complicated as the air should be 
properly conditioned to prevent damage to the generator.  Air should be clean and dry, with a 
maximum dew point of -60º C (-80º F) and free of contaminants. Air preparation systems typically 
consist of air compressors, filters, dryers, and pressure regulators.  Figure 3-5 is a schematic of large 
scale air preparation system. 

Particles greater than 1 µm and oil droplets greater than 0.05 µm should be removed by filtration 
(Langlais et al., 1991).  If hydrocarbons are present in the feed gas, granular activated carbon filters 
should follow the particulate and oil filters.  Moisture removal can be achieved by either compression 
or cooling (for large-scale system), which lowers the holding capacity of the air, and by desiccant 
drying, which strips the moisture from the air with a special medium.  Desiccant dryers are required 
for all air preparation systems.  Large or small particles and moisture cause arcing which damages 
generator dielectrics. 

Typically, desiccant dryers are supplied with dual towers to allow regeneration of the saturated tower 
while the other is in service. Moisture is removed from the dryer by either an external heat source or 
by passing a fraction (10 to 30 percent) of the dried air through the saturated tower at reduced 
pressure.  Formerly, small systems that require only intermittent use of ozone , a single desiccant 
tower is sufficient, provided that it is sized for regeneration during ozone decomposition time. 

Air preparation systems can be classified by the operating pressure: ambient, low (less than 30 psig), 
medium, and high (greater than 60 psig) pressure.  The distinguishing feature between low and high 
pressure systems is that high pressure systems can use a heatless dryer.  A heatless dryer operates 
normally in the 100 psig range, rather than the 60 psig range. Rotary lobe, centrifugal, rotary screw, 
liquid ring, vane, and reciprocating compressors can be used in air preparation systems.  Table 3-1 
lists the characteristics of many of these types of compressors. 
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Reciprocating and liquid ring compressors are the most common type used in the United States, 
particularly in small systems, the former because the technology is so prevalent and the latter because 
liquid ring compressors do not need aftercoolers.  Air receivers are commonly used to provide 
variable air flow from constant volume compressors.  Oil-less compressors are used in modern 
systems to avoid hydrocarbons in the feed gas (Dimitriou, 1990). 

 
 

 

 

 

Comparison of Air and High Purity Oxygen Feed Systems 
 

Source Advantages Disadvantages 
Air • Commonly used equipment 

• Proven technology 
• Suitable for small and large systems 

• More energy consumed per ozone volume 
produced 

• Extensive gas handling equipment required 
• Maximum ozone concentration of 3-5% 

Oxygen (general) • Higher ozone concentration (8-14%) 
• Approximately doubles ozone concentration 

for same generator 
• Suitable for small and large systems 

• Safety concerns 
• Oxygen resistant materials required 

LOX • Less equipment required 
• Simple to operate and maintain 
• Suitable for small and interm ediate systems 
• Can store excess oxygen to meet peak 

demands 

• Variable LOX costs 
• Storage of oxygen onsite (Fire Codes, i.e. 

safety concerns) 
• Loss of LOX in storage when not in use  

Cryogenic Oxygen 
Generation 

• Equipment similar to air preparation systems 
• Feasible for large systems 
• Can store excess oxygen to meet peak 

demands 

• More complex than LOX 
• Extensive gas handling equipment required 
• Capital intensive 
• Complex systems to operate and maintain 

 
Ozone Generators 

The voltage required to produce ozone by corona discharge is proportional to the pressure of the 
source gas in the generator and the width of the discharge gap.  Theoretically, the highest yield 
(ozone produced per unit area of dielectric) would result from a high voltage, a high frequency, a 
large dielectric constant, and a thin dielectric.  However, there are practical limitations to these 
parameters.  As the voltage increases, the electrodes and dielectric materials are more subject to 
failure.  Operating at higher frequencies produces higher concentrations of ozone and more heat 
requiring increased cooling to prevent ozone decomposition.  Thin dielectrics are more susceptible to 
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puncturing during maintenance.  The design of any commercial generator requires a balance of ozone 
yield with operational reliability and reduced maintenance. 

Two different geometric configurations for the electrodes are used in commercial ozone generators: 
concentric cylinders and parallel plates.  The parallel plate configuration is commonly used in small 
generators and can be air cooled.  Figure 3-6 shows the basic arrangement for the cylindrical 
configuration.  The glass dielectric/high voltage electrode in commercial generators resembles a 
fluorescent light bulb and is commonly referred to as a “generator tube.” 

Most of the electrical energy input to an ozone generator (about 85 percent) is lost as heat (Rice, 
1996).  Because of the adverse impact of temperature on the production of ozone, adequate cooling 
should be provided to maintain generator efficiency.  Excess heat is removed usually by water 
flowing around the stainless steel ground electrodes.  The tubes are arranged in either a horizontal or 
vertical configuration in a stainless steel shell, with cooling water circulating through the shell. 

 

Cylindrical Electrode Schematic 

Ozone generators are classified by the frequency of the power applied to the electrodes.  Low 
frequency (50 or 60 Hz) and medium frequency (60 to 1,000 Hz) generators are the most common 
found in the water industry, however some high frequency generators are available.  Table 3-3 
presents a comparison of the three types of generators.  Medium frequency generators are efficient 
and can produce ozone economically at high concentrations, but they generate more heat than low 
frequency generators and require a more complicated power supply to step up the frequency supplied 
by utility power.  New installations tend to use medium or high frequency generators. 
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  Comparison of Primary Characteristics of Low, Medium, and High Frequency 
Ozone Generators 

 
Characteristic Low Frequency 

(50 - 60 Hz) 
Medium Frequency 

(up to 1,000 Hz) 
High Frequency 

(> 1,000 Hz) 

Degree of Electronics Sophistication low high high 

Peak Voltages 19.5 11.5 10 
Turndown Ratio 5:1 10:1 10:1 

Cooling Water Required (gal/lb of 
ozone produced) 

0.5 to 1.0 0.5 to 1.5 0.25 to 1 

Typical Application Range < 500 lb/day to 2,000 lb/day to 2,000 lb/day 
Operating Concentrations 
 wt - % in air 
 wt - % in oxygen 

 
0.5 to 1.5% 
2.0 to 5.0% 

 
1.0 to 2.5%+ 

2 to 12% 

 
1.0 to 2.5%+ 

2 to 12% 
Optimum Ozone Production (as a 
proportion of total generator capacity) 

60 to 75% 90 to 95% 90 to 95% 

Optimum Cooling Water Differential 8° to 10°F 5° to 8°F 5° to 8°F 
Power Required (kW-h/lb O3) air feed: 8 to 12 

O2 feed: 4 to 6 
air feed: 8 to 12 
O2 feed: 4 to 6 

air feed: 8 to 12 
O2 feed: 4 to 6 

Air Feed System Power Requirements 
(kW-h/lb O3) 

5 to 7 5 to 7 5 to 7 

Source: Adapted from Rice, 1996, with modifications. 

 

Instrumentation 

Instrumentation should be provided for ozone systems to protect both personnel and the equipment.  
Gas phase ozone detectors should be provided in spaces such as generator rooms where ozone gas 
may be and personnel are routinely present.  An ozone detector is also needed on the outlet from the 
off-gas destruct unit to ensure the unit is working properly.  These units should be interlocked with 
the ozone generator controls to shut down the ozone generation system should excess ozone be 
detected.  A dew point detector on the feed gas supply just upstream of an ozone generator is 
required to protect the generator from moisture in the feed gas (when air is the feed gas).  Flow 
switches on the cooling water supply are needed to protect the generator from overheating and a 
pressure switch to prevent over pressurization. 

Other instrumentation can be used to monitor and control the ozone process, although manual control 
is adequate for small systems, but most small systems are designed to operate automatically, 
particularly in remote areas.  Operation and Maintenance 

Even though ozone systems are complex, using highly technical instruments, the process is highly 
automated and very reliable, requiring only a modest degree of operator skill and time to operate an 
ozone system.  Maintenance on generators requires skilled technicians  
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Primary Uses of Ozone 

Ozone is used for a variety of purposes including: 

• Disinfection; 

• Inorganic pollutant oxidation, including iron, manganese, and sulfide; 

• Organic micropollutant oxidation, including taste and odor compounds, phenolic pollutants, and 
spesticides. 

• Organic macropollutant oxidation, including color removal, increasing the biodegradability of 
organic compounds, DBP precursor control, and reduction of chlorine demand. 

Disinfection 

Ozone is a powerful oxidant able to achieve disinfection with less contact time and concentration 
than all weaker disinfectants, such as chlorine, chlorine dioxide, and monochloramine (Demers and 
Renner, 1992). Iron and Manganese Oxidation 

Ozone will oxidize iron and manganese, converting ferrous (2+) iron into the ferric (3+) state and 2+ 
manganese to the 4+ state. The oxidized forms will precipitate as ferric hydroxide and manganese 
hydroxide (AWWA, 1990). The precise chemical composition of the precipitate will depend on the 
nature of the water, temperature, and pH. The ozone dose required for oxidation is 0.43 mg/mg iron 
and 0.88 mg/mg manganese (Langlais et al., 1991 

Oxidation of  Odor Compounds 

• Ozone is used to oxidize/destroy taste and odor-causing compounds because many of these 
compounds are very resistant to oxidation. Suffet et al. (1986) confirmed that ozone is an 
effective oxidant for use in  odor treatment. They found ozone doses of 2.5 to 2.7 mg/L and 
10 minutes of contact time (ozone residual of 0.2 mg/L) significantly reduced odors.  

            Pathogen Inactivation and Disinfection Efficacy 

Ozone has a high germicidal effectiveness against a wide range of pathogenic organisms including 
bacteria, protozoa, and viruses.  Because of its high germicidal efficiency, ozone can be used to meet 
high inactivation required by water treatment systems with or without filters.  The ozone disinfection 
efficiency is not affected by pH (Morris, 1975), although because of hydroxyl free radicals and rapid 
decay, efficiency is the same but more ozone should be applied at high pH to maintain “C”. 

Inactivation Mechanisms 

Inactivation of bacteria by ozone is attributed to an oxidation reaction (Bringmann, 1954; Chang, 
1971).  The first site to be attacked appears to be the bacterial membrane (Giese and Christensen, 
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1954) either through the glycoproteins or glycolipids (Scott and Lesher, 1963) or through certain 
amino acids such as typtophan (Goldstein and McDonagh, 1975).  In addition, ozone disrupts 
enzymatic activity of bacteria by acting on the sulfhydryl groups of certain enzymes.  Beyond the cell 
membrane and cell wall, ozone may act on the nuclear material within the cell.  Ozone has been 
found to affect both purines and pyrimidines in nucleic acids (Giese and Christensen, 1954; Scott and 
Lesher, 1963). 

The first site of action for virus inactivation is the virion capsid, particularly its proteins (Cronholm et 
al., 1976 and Riesser et al., 1976).  Ozone appears to modify the viral capsid sites that the virion uses 
to fix on the cell surfaces.  High concentrations of ozone dissociate the capsid completely. One 
researcher found that the mechanism of ozone inactivation of bacteriophage f2 ribonucleic acid 
(RNA) included releasing RNA from the phage particles after the phage coat was broken into many 
pieces (Kim et al., 1980).  This finding suggests that ozone breaks the protein capsid, thereby 
liberating RNA and disrupting adsorption to the host pili.  Further, the naked RNA may be 
secondarily inactivated by ozone at a rate less than that for RNA within the intact phage.  The 
mechanism for inactivation of deoxyribonucleic acid (DNA) bacteriophage T4 has been found to be 
quite similar to RNA inactivation: ozone attacks the protein capsid, liberates the nucleic acid, and 
inactivates the DNA (Sproul et al., 1982).  In contrast, more recent work on the tobacco mosaic virus 
(TMV) shows that ozone has a specific effect on RNA.  Ozone was found to attack both the protein 
coat and RNA.  The damaged RNA cross-links with amino acids of the coat protein subunits.  The 
authors concluded that TMV loses its infectivity because of its loss of protein coating. 

Microscopic observation of inactivation of trophozoites of Naegleria and Acanthamoeba showed that 
they were rapidly destroyed and the cell membrane was ruptured (Perrine et al., 1984).  Perrine and 
Langlais showed that ozone affect the plugs in Naegleria gruberi cysts (Langlais and Perrine, 1984).  
Depending on the ozonation conditions, these plugs were completely removed or were partially 
destroyed.  It has been speculated that ozone initially affects the Giardia muris cysts wall and makes 
it more permeable (Wickramanayake, 1984c). Subsequently, aqueous ozone penetrates into the cyst 
and damages the plasma membranes, additional penetration of ozone eventually affects the nucleus, 
ribosomes, and other ultrastructural components. 

Disinfection Parameters 

Hoigné and Bader demonstrated that the rate of decomposition of ozone is a complex function of 
temperature, pH, and concentration of organic solutes and inorganic constituents (Hoigné and Bader, 
1975, and 1976).  The following sections describe the effects that pH, temperature, and suspended 
matter have on the reaction rate of ozone and pathogen inactivation. 

The ability to maintain a high aqueous ozone concentration is critical from a regulatory disinfection 
compliance standpoint. This means that factors that accelerate ozone decomposition are undesirable 
for inactivation because the ozone residual dissipates faster and therefore reduces the CT credit, 
requiring a corresponding increase in the ozone applied, thus increasing cost. 
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Inactivation of Microorganisms 

The following sections contain a description of the disinfection efficiency of ozone in terms of 
bacteria, virus, and protozoa inactivation. 

Bacterial Inactivation 

Ozone is very effective against bacteria.  Studies have shown the effect of small concentrations of 
dissolved ozone (i.e., 0.6 µg/L) on E. coli. (Wuhrmann and Meyrath, 1955) and Legionella 
pneumophila (Domingue, et al., 1988).  E. coli. levels were reduced by 4 logs (99.99 percent 
removal) in less than 1 minute with a ozone residual of 9 µg/L at a temperature of 12oC. Legionella 
pneumophila levels were reduced by greater than 2 logs (99 percent removal) within a minimum 
contact time of 5 minutes at a ozone concentration of 0.21 mg/L.  Results similar to those obtained 
for E. coli. have been found for Staphyloccus sp. and Pseudomonas fluorescens inactivation. 
Streptococcus faecalis required a contact time twice as long with the same dissolved ozone 
concentration, and Mycobacterium tuberculosis required a contact time six times as long for the same 
reduction level as E. coli. 

In regard to vegetative bacteria, E. coli is one of the most sensitive types of bacteria.  Furthermore, 
significant difference has been found among all the Gram-negative bacillae, including E. coli and 
other pathogens such as Salmonella, which are all sensitive to ozone inactivation. whereas the Gram-
positive cocci (Staphyloccus and Streptococcus), the Gram-positive bacillae (Bacillus), and the 
Mycobacteria are the most resistant forms of bacteria.  Sporular bacteria forms are always far more 
resistant to ozone disinfection than vegetative  forms (Bablon, et al., 1991), but all are easily 
destroyed by relatively low levels of ozone. 

Protozoa Inactivation 

Protozoan cysts are much more resistant to ozone and other disinfectants than vegetative forms of 
bacteria and viruses.  Giardia lamblia has a sensitivity to ozone that is similar to the sporular forms 
of Mycobacteria.  Both Naegleria and Acanthamoeba cysts are much more resistant to ozone (and all 
other disinfectants) than Giardia cysts. (Bablon et al., 1991).  CT products for 99 percent inactivation 
of Giardia lamblia and N. gruberi at 5oC were 0.53 and 4.23 mg • min/L, respectively 
(Wickramanayake et al., 1984a and 1984b).  Data available for inactivation of Cryptosporidium 
oocysts, suggest that among protozoans, this microorganism is more resistant to ozone (Peeters et al., 
1989; Langlais et al., 1990).  One study found that Cryptosporidium oocysts are approximately 10 
times more resistant to ozone than Giardia (Owens et al., 1994).   

Virus Inactivation 

Typically, viruses are more resistant to ozone than vegetative bacteria but less resistant than sporular 
forms of Mycobacteria (Bablon, et al., 1991).  The most sensitive forms of viruses are phages, and 
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there seems to be little difference between the polio- and coxsackie viruses.  The sensitivity of human 
rotavirus to ozone was determined to be comparable to that of Mycobacteria and polio- and 
coxsackie viruses (Vaughn et al., 1987). 

Keller et al. (1974) studied ozone inactivation of viruses by using both batch tests and pilot plant 
data.  Inactivation of poliovirus 2 and coxsackie virus B3 was more than 3 logs (99.9 percent) in the 
batch tests with an ozone residual of 0.8 mg/L and 1.7 mg/L and a contact time of 5 minutes.  Greater 
than 5 log (99.999 percent) removal of coxsackie virus was achieved in the pilot plant with an ozone 
dosage of 1.45 mg/L, which provided an ozone residual of 0.28 mg/L in lake water. 

Cryptosporidium oocysts.  Results indicate that ozone is one of the most effective disinfectants for 
controlling Cryptosporidium (Finch, et al., 1994) and that Cryptosporidium muris may be slightly 
more resistant to ozonation than Cryptosporidium parvum (Owens et al., 1994).  A wide range of CT 
values has been reported for the same inactivation level, primarily because of the different methods 
of Cryptosporidium measurements employed and pH, temperature, and above all, ozonation 
conditions. 
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  Summary of Reported Ozonation Requirements for 99 Percent Inactivation of 
Cryptosporidium Oocycts 

Species 
Ozone 

protocol 

Ozone 
residual 
(mg/L) 

Contact time 
(min) 

Temperature 
(oC) 

CT 
(mg.min/L) Reference 

C. baileyi Batch liquid, 
modified batch 
ozone 

0.6 & 0.8 4 25 2.4 - 3.2 Langlais et al., 
1990 

C. muris Flow through 
contactor, 
continuous gas 

  22 - 25 7.8 Owens et al., 
1994 

C. parvum Batch liquid, 
batch ozone 

0.50 
0.50 

18 
7.8 

7 
22 

9.0 
3.9 

Finch et al., 
1993 

C. parvum Batch liquid, 
batch ozone 

0.77 
0.51 

6 
8 

Room 
 

4.6 
4 

Peeters et al., 
1989 

C. parvum Batch liquid, 
continuous gas 

1.0 5 & 10 25 5 - 10 Korich et al., 
1990 

C. parvum Flow through 
contactor, 
continuous gas 

  22 - 25 5.5 Owens et al., 
1994 

 

Ozone dose and contact time (CT) requirements for the inactivation of Cryptosporidium oocysts in 
drinking water when using ozone has not been established similar to the CT values for viruses and 
Giardia cyst inactivation.  Inactivation requirements (log removals) for Cryptosporidium oocysts 
have not been established.  In addition, as shown in Table 3-8, the CT requirements reported in the 
literature vary from study to study which adds uncertainty to design CT requirements for specific 
applications or regulatory needs. 
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