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INTRODUCTION 

One of the most common questions I get is about using ozone 

gas to eliminate mold from homes. The short answer is, ozone 

can be a valuable tool that is helpful for some mold conditions 

in homes, but it can also create problems when used 

improperly. Ozone gas is not a panacea. It can be most helpful 

in neutralizing the musty odors that can trigger reactions in 

sensitive people; however, it is not practical or safe to use 

ozone to kill mold or eliminate mycotoxins. Ozone also does 

not remove the mold spores or fungal fragments from the 

home. The long answer is the rest of this chapter.  

Ozone is a naturally occurring gas. At 

levels found in nature, it can help 

purify the air by breaking down 

certain unwanted chemicals. Another 

benefit is its ability to convert 

microbial volatile organic compounds 

(mVOCs) produced by mold from a 

musty and irritating compound into 

other gases that have no odor and do 

not seem to cause mold reactions in 

sensitive people. It does this by 

oxidation reactions that chemically 

change the mVOCs into other types of 

molecules such as oxygen, water and 

carbon dioxide. Other side reactions 

can occur with ozone gas and not all of 

the reactions are completely 

understood or helpful. Some of the 

reactions can be harmful. The 

information that follows will review 

strategies for using ozone safely as 

well as how to recognize and avoid 

risks and side effects.  

 
Essentials 

 
If you are contemplating using ozone gas as a 

treatment for your home and are suffering 

from "brain fog" or you find the technical 

information is not making sense, then skip to 

the "Essentials" - Information Boxes. 

 They provide quick practical guidance for 

using ozone with a minimum amount of 

technical explanations.  

The technical information will be here later 

when you are ready for it. 
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Manufacturers have developed machines that artificially create ozone gas for use in home 

air purification. This artificially produced ozone performs the same as naturally produced 

ozone as a very powerful oxidizing agent that can have multiple benefits when used 

properly. Nature has automatic feedback loops to control the levels of ozone found outside, 

which help to maintain a beneficial outdoor balance. Pollution from automobiles and 

industrial sources can boost outdoor ozone levels beyond the safe levels. The elevated 

levels of ozone quickly return to normal once the excess production stops.  

Unlike naturally produced ozone, there are no built-in safeguard regulators to keep the 

levels of mechanically produced ozone under control. The concentration of mechanically 

produced ozone depends on the type of equipment used, the controls, and how the 

equipment is managed. Just as it is important to understand and monitor for side effects 

that occur when taking medications prescribed by your doctor, it is important to use ozone 

as directed in order to be effective while minimizing the risks it may pose. Recognizing and 

controlling adverse effects early can minimize damage and allow appropriate decisions 

about adjusting or modifying its use for maximum benefit. 

As an environmental investigator, I am hard-

wired to want to locate the source of water 

damage and mold growth so it can be 

permanently remediated by addressing the source 

of the problems. The use of ozone purification 

reduces my ability as an environmental 

investigator to use my sense of smell to find 

hidden areas of mold growth. This makes my job 

as an investigator more difficult and more costly 

since I have to replace inexpensive sniffing with 

more expensive sampling. In damp musty buildings, the mold growth remains and the mold 

is still growing, but ozone treatments will cover-up the malodor. Stopping the use of ozone 

a few days or weeks before I come to do a mold investigation allows the musty odors to 

return in damp buildings before I arrive to investigate. Once repairs prevent additional 

water or excess moisture from entering the building, the materials will dry and the mold 

will stop digesting the surface where it has grown. The production of musty gases stops. 

Most of the foul smelling gas dissipates, but some can linger and be absorbed by porous 

materials like carpet, upholstered furnishings, books and other soft materials. When ozone 

is used to break down musty odors, areas affected by mold growth no longer smell musty. 

Using ozone causes the malodors to go away, but the hidden mold growth remains and can 

continue to release mold spores and fungal fragments.  

  

 
Ozone does not kill mold 

or remove the mold 
spores or fungal 

fragments from the 
home.  
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Essentials - Understanding Ozone 

Using mechanically produced ozone requires an adequate understanding of how ozone 

functions to be effective and safe while limiting the potential adverse reactions.  

 Ozone chemistry can be highly technical. A complete understanding of how and 

when ozone gas works involves complex reactions that may be confusing. 

 Some of the claims made about the benefits of using ozone gas to break down 

chemical pollutants have been based on what ozone does in a commercial or 

laboratory setting where a single offending chemical compound is present. This 

is different in our homes. Unknown mixtures chemical compounds can be 

present. These can result in unwanted and sometimes harmful side reactions.  

 Ozone can have a beneficial effect in some cases and a disastrous effect in others. 

Differences in personal sensitivity to ozone to the by-products and side reactions 

produced means the effective and safe use of ozone gas must be tailored to the 

individual situation and may need to change over time. Recognizing these 

nuances may be especially difficult for someone suffering from "brain fog” 

caused by mold exposure.  

 Sorting through conflicting information to explain why claims made about using 

ozone may not apply in your home requires a certain amount of "nerdiness". My 

goal is to be that nerd to distill the facts into helpful recommendations.  

 When ozone-producing equipment is used properly with attention to levels that 

are being produced, it can be used safely and effectively to temporarily control 

some odors. It does not eliminate the mold growth or the water that caused it. 

 Ozone may cover up or mask some odors, which serve as clues that expensive or 

continuing damage is occurring in a building. This means that it is always best to 

find and fix mold problems at their source rather than cover them up by 

deodorization with ozone.  

 Once the mold has been remediated and the source of the water damage 

repaired then, residual odors can sometimes be effectively treated. 
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WHEN OZONE LEVELS BECOME UNSAFE 

The concentration of ozone in the air 

determines the effects it will have. At ground 

level the naturally occurring level of ozone 

gas in the air we breathe ranges from zero to 

about 0.05 parts per million (ppm). At these 

levels most ozone reactions have a beneficial 

cleansing effect. Higher levels of ozone can 

result in harm to people, pets, plants and 

personal possessions. When the safe levels 

are exceeded, vital lung capacity goes down 

and lung damage begins to occur in people 

and pets. Oxidation of the skin increases 

which can lead to premature aging and 

wrinkling, Plant tissues are oxidized and 

become burned, especially at the tips where 

tender new growth is present. Natural 

rubber begins to deteriorate along with a 

host of other sometimes dangerous chemical 

reactions. 

It is important to realize that ozone 

generators are being sold that crank out 

massive amount of ozone gas at levels 

sufficient to cause lung damage to people and 

pets, wilt plants and cause property damage 

to a variety of household materials. Although 

musty odors are neutralized by the ozone 

they are often replaced by a strong persistent 

acidic or acrid odor. Homes where perfumed 

fabric softener dryer sheets, room air 

fresheners and other scented products are 

present or used will often become 

overpoweringly pungent when treated with 

ozone gas. This is not from the odor of ozone, 

but from the oxidation reactions that occurs 

with the scented product. Ozone generators 

that emit higher levels either accidently or as 

a fumigation technique are frequently being 

Ozone Production Ratings 

Ozone equipment is often rated in ways 

that are confusing to the consumer. 

Equipment approved for sale to 

consumers in the State of California will 

typically have a square footage rating. 

The rating is how many square feet of 

floor area is necessary for using ozone 

equipment safely for occupied rooms 

(with a ceiling that is 8 feet high). The 

amount of ozone released into such an 

area must be less than 0.05 parts per 

million (ppm) for continuous safe 

occupancy. If the room size is half the 

rating of the equipment, then the ozone 

level would be 0.1-ppm which is twice 

the safe exposure rating for full time 

exposure. 

Commercial ozone equipment is often 

rated for how many milligrams (mg) of 

ozone are generated per hour (hr) of 

operation. In order to calculate the ppm 

for equipment you also need to know the 

cubic footage of the space where the 

ozone is being emitted. A commercial 

ozone generator that releases 500 

mg/hour of ozone in a 12 by 15 foot 

room with an 8 foot ceiling will result in 

approximately 1.6-ppm ozone every ten 

minutes. This is more than 32 times 

higher than the safe level for continuous 

exposure.  
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misused and sometimes misrepresented. Safe equipment can become dangerous when 

used in too small a space. A unit rated for continuous use in a 300 square foot room is not 

safe for continuous use in a 150 square foot room. 

Today the shift has been towards using equipment designed to produce lower levels of 

ozone. At the naturally produced levels of ozone under 0.05 parts per million (ppm), ozone 

is generally odorless and can be used safely and effectively. The State of California uses this 

value as the amount of ozone that is permitted to be released by portable ozone generators 

intended to be used for residential air purification. The California regulations do not impact 

equipment sold outside of California, commercial equipment or ozone generators installed 

in air handling systems for heating, 

ventilation, or air conditioning (HVAC). Other 

ozone emitting devices such as photocopiers, 

UV lights, ionizers and electrostatic 

precipitators do not deliberately produce 

ozone gas but emit it as a byproduct. These 

non-regulated sources of ozone have been 

known to boost ozone levels beyond the safe 

level. Unknowingly combining the use of 

unregulated devices with ozone producing 

air purification units has also boosted levels 

of ozone high enough to create problems in 

some buildings.  

It may not be apparent that multiple ozone producing devices are even being used. 

Sometimes other terms have been used to describe ozone such as activated oxygen or tri-

atomic oxygen. Misleading statements have been made such as claims that the equipment 

doesn't produce ozone but instead makes penta-oxygen (O5), octa-oxygen (O8), or some 

other number of oxygen molecules joined together. Maybe this is technically true, but these 

chemical compounds are highly unstable and quickly degrade into ozone. Even hydroxyl 

generators that aren’t intended to emit ozone as a gas can emit some level of ozone as a by-

product of the reactions that occur. It is not always possible to predict if the by-products 

risks will outweigh the benefits. By being aware, monitoring and recognizing adverse 

effects early, it is possible to use ozone effectively while limiting detrimental side effects.  

 

 
If you can smell the odor of 

ozone when you first enter a 
room, then the level of ozone 
is too high for continuous use 

around people, pets, plants 
and personal possessions. 
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Technical Review - Ozone Chemistry 

 When two elemental oxygen atoms join, they form one oxygen molecule (O2). 

Oxygen molecules makes up about 21% of the near earth gaseous atmosphere we 

breathe. 

 Other major near earth gases in our atmosphere are made up of 78% nitrogen (N2) 

and 0.9% Argon (Ar). Carbon dioxide, Nitrous oxides, water vapor, hydrogen, 

helium, ozone, and other trace gases when added together make up to less than 

0.1% of the earth's near atmosphere (troposphere). 

 When an oxygen molecule has enough extra energy to join with an extra oxygen 

atom it forms a highly reactive ozone molecule which has three joined oxygen 

atoms. The greater the amount of energy present, the more frequently these ozone 

forming reactions occur. 

 In nature, energy is released when lightning strikes. This extra energy can produce 

greater quantities of ozone. UV light from the sun also energizes oxygen in our 

atmosphere to produce ozone throughout daylight hours.  

 Ozone is present at lower levels in our near earth (troposphere) than in the outer 

atmosphere (stratosphere). Turning oxygen into ozone uses energy from the UV to 

bind the third atom of oxygen to the ozone molecule. When UV light loses energy it 

becomes safer because less of it is able to penetrate our atmosphere. The ozone in 

our outer atmosphere acts as nature's sunscreen. It reduces the amount of UV light 

that penetrates so less ozone is produced at ground level. 

 When lesser amounts of ozone are present in the stratosphere, then more UV light is 

able to penetrate further into our atmosphere energizing more oxygen gas to 

convert to higher concentrations of ozone gas. An elegant feedback loop results 

which helps ensure that the right balance of ozone gas and UV light is maintained. 

 Ozone gas has enough energy to make it unstable and highly reactive with other 

chemicals. The ozone molecule easily oxidizes other chemicals by giving up its extra 

oxygen atom. If the ozone oxidation reaction neutralizes a harmful chemical to form 

oxygen, carbon dioxide (CO2), water (H2O) or other harmless chemicals the reaction 

can be beneficial by reducing the pollutants. Unfortunately, some oxidation 

reactions result in the formation of harmful products. 

 At ozone concentrations similar to those found in nature the oxidation reactions 

tend to be beneficial. At higher ozone concentrations the number of problem 

oxidation reactions increases dramatically. 
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OZONE AND MOLD INTERACTIONS 

When molds grow on materials used to construct our homes and personal possessions, 

they produce enzymes that digest available nutrients. If the right amount of moisture is 

present, the resultant nutrient broth feeds the growth. A number of primary metabolites 

and waste products are produced by mold as they digest. The most common include 

methane and alcohol which is followed in order by a wide variety of benzenoids, aldehydes, 

alkenes, acids, esters and ketones.13  Some of the mixtures of gases produced by mold have 

a fetid odor. These are the musty or moldy smelling gases known as microbial Volatile 

Organic Compounds (mVOCs).  

During my early career it was thought that the adverse health effects of mVOC gases were 

minimal. Newer research is pointing to them being potential agents that can cause 

headaches, irritation of mucus membranes and other symptoms associated with sick 

building syndrome in sensitive individuals 11, 12. It has been reported that people who have 

hypersensitive reactions to musty odors often have an improvement of symptoms when 

ozone is used to treat mustiness. The ozone reacts with the musty smelling gases and 

breaks the long chain molecules into less complex molecules that either have no odor or 

have a different odor. If the byproducts formed by the reaction of ozone gas with mVOCs 

are safe or able to quickly dissipate, then ozone may be used to treat residual foul smelling 

metabolic gases produced by mold.  

One of the simplest of mVOCs produced by mold is the hydrocarbon methane, which is also 

known as natural gas. In the case of the reaction between methane and ozone the products 

include carbon monoxide (CO), carbon dioxide (CO2), formic acid and water vapor.14 The 

formic acid molecule has a pungent acidic scent whereas the CO, CO2, and water are 

odorless. In theory formic acid can be oxidized further to CO2 and water19 causing the 

pungent odor to disappear; however the source of the methane would need to be 

eliminated and the residual methane gas reacted completely to prevent the continued 

production of additional formic acid.  

Many of the musty odors that develop in damp buildings when mold grows are caused by 

even more complex mixtures of mVOCs. It is important to remember that molds only 

produce these foul smelling gases when they have sufficient moisture to grow. It is better to 

prevent the growth of mold and the release of foul gases than to attempt to continually 

neutralize the odors with ozone. As long as mold is growing, new gases are being produced 

and the deterioration of the building will continue to get worse. Treating growing mold by 

using ozone to eliminate the musty odor without correcting the moisture conditions that 

led to the growth will eventually result in severe and expensive structural damage. 

Eliminating musty odors without addressing the areas where the mold has grown may also 
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lead to the false impression that the mold spores, fungal fragments, allergens, and 

mycotoxins have been eliminated. All of these particles stop producing gases when they are 

dry, but the residual spores or fragments have the potential to result in adverse health 

effects.  

In some cases where water damage has been corrected and mold properly remediated, but 

musty odors linger, the use of ozone may be able to help eliminate the residual foul smell. 

An example would be when musty odors permeate clothing that was hanging in a damp 

closet. If the stench remains in the materials after laundering or dry cleaning, it may be able 

to be successfully treated by ozone gas.  

The claim has been frequently made that treatment with ozone gas kills mold. This is only 

true at dangerously high concentration and with a long enough contact time. An August 

1997 study looking at the ability of ozone to kill mold growth on building materials that 

were exposed to 90 times the occupational permissible exposure limit for 23 hours, found 

ozone was ineffective at killing mold.2 From a practical standpoint it is not possible to 

achieve concentrations high enough to be effective at killing mold in residential 

environments. Even if ozone were able to kill mold the allergens and mycotoxins would 

remain behind in the dead bodies.  

 

OZONE and MYCOTOXINS 

Much research has been performed in an attempt to 

determine if ozone could be used to render 

mycotoxin contaminated grains and livestock feed 

safe for consumption. The ability of ozone to render 

grain safe depends on the type of feed and the type 

of mycotoxin that is present, but provides some 

clues as to what would be necessary to eliminate 

mycotoxins in the home using ozone treatments. 

When studied it was found that alflatoxin was one of 

the easiest mycotoxins to eliminate but required 

fumigation with levels of ozone over 500-ppm. 

Trichothecenes such as are produced by 

Stachybotrys required levels of ozone over 11,000-ppm.24 There is no practical way to 

achieve such high levels of ozone for residential treatment. Even if equipment were 

available to produce the concentrations of ozone necessary to denature mycotoxins, the 

concentrations would be 50 to 1000 times higher than the level considered immediately 

hazardous to life and health.  

 
Mycotoxins are 

chemicals. Killing mold 
does not eliminate the 
toxins. Routine use of 
ozone does not break 

down or eliminate 
mycotoxins.  
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Technical Review - Effects of Ozone at Different Concentrations 

0.00 to 0.05 ppm  Levels of naturally occurring ozone in forests. 

0.05 ppm  Levels generally recognized as safe for continuous exposure.  

 Ozone does not have an odor for most people below this 

level. 

 This is the maximum permitted output for air purification 

devices sold in California.  

 At higher concentrations people, pets, plants and sensitive 

possessions may begin to experience damage from 

continuous exposure. 

0.07 ppm  US EPA National Ambient Air Quality Standards (2008) for ozone. 

 This level of outdoor ozone triggers pollution alerts. 
 Restrictions on outdoor school activities such as recess 

begin. 

0.10 ppm  Permissible Exposure Limit (PEL) for an 8 hour work exposure.  

 An ozone concentration of 0.10 ppm equals 0.2 mg/m3. 

 Ozone odors begin to become perceptible for most people. 

 Odor recognition quickly fades due to olfactory fatigue. 

 Ozone reacts with skin cells and increases oxidation (aging). 

 Plant leaf tips can be burned - especially with young plant 

tissues. 

 Art pigments begin to fade. 

 Stretched rubber bands deteriorate slowly over a few weeks. 

 Adverse pesticides, terpenes, isoprenes, 4 PC reactions 

begin. 

0.3 ppm  Cal-OSHA short-term exposure limit for 15 minutes of exposure.  

 Short exposures cause temporary irritation of lungs and eyes 

from  the oxidation of tissue. 

 Longer exposures can result in permanent lung damage. 
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OZONATED WATER 

The ozone molecule becomes much safer when dissolved in water. This is because it reacts 

with the water to form the same hydroxyl ions that are present when hydrogen peroxide is 

mixed in water. 16 This has made ozonated water a popular alternative to the use of 

chlorine in swimming pools, spas and hot tubs. A number of effective treatments for 

drinking water and wastewater have been developed for using ozone since it was first 

introduced in 1893 in the Netherlands.2 Medical and dental treatments such as irrigating 

infected tissues, flushing dental sockets after tooth extraction or root canals and a variety 

of surgical procedures have also been based on the use of ozonated water. Unfortunately, 

there is no practical or effective way to use ozonated water to wash books or many building 

materials without creating additional water damage. Some carpets and upholstered 

materials have been cleaned using ozonatated water but this generally is for surface 

cleaning only and requires professional equipment, rapid mechanical drying and can only 

be used for surfaces that won't be bleached or damaged by the hydrogen peroxide that is 

produced.  

 

Technical Review - Effects of Ozone at Different Concentrations (continued) 

5.0 ppm  NIOSH level that is Immediately Dangerous to Life and Health. 

 Oxidation of stretched natural rubber occurs quickly 

resulting in it becoming cracked and brittle in a few hours. 

9.0 ppm   No reduction in mold colony forming units after 23 hours.  

10.0 ppm  Permanent lung damage quickly occurs. 

10.0 to 15.0 ppm The level of ozone found in the earth's stratosphere.  

 This is 200 to 300 times higher than at ground level.  

500 ppm   The mycotoxin aflatoxin is able to be broken down in cattle feed. 

11,000 ppm  Trichothecenene mycotoxins from Stachybotrys are broken down.  

 This level is 2,200 times higher than the level identified as 

immediately hazardous to life and health. 
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OZONE AS GAS 

Ozone as a gas has been used in commercial applications as a fumigant to help kill bacteria 

and retard the spoilage of foods that are being stored.15  Unfortunately, ozone as a gas is 

not selective or easy to use as safely as when it is dissolved in water. It can react with many 

common materials that are present in our home environments. Some of the reactions of 

ozone with commonly used household products can have unintended consequences 

ranging from annoying to dangerous. In order to use ozone gas safely and effectively it is 

important to understand how the presence of ozone can affect people, pets, plants and 

personal possessions present in our homes.  

 

OZONE EXPOSURE BY INHALATION AND SKIN CONTACT 

Mold sensitive individuals have reported health benefits by using ozone to change the 

chemistry of the indoor environment by oxidizing mVOCs into something else. 

Unfortunately, each time ozone is used in a building an uncontrolled chemistry experiment 

is being performed that may have detrimental products and unintended consequences. In 

some cases, the cure may be worse than the disease. Ozone generators do not have a 

comprehensive set of instructions or warnings. Fortunately, there are ways to determine 

what is or is not an appropriate use of ozone. 

The term low has often been used to describe levels of ozone that can result in a sharp 

irritating acrid odor, but it is possible for harm to occur without being able to smell the 

odor of the gas being present. According to the Occupational Health and Safety 

Administration: "When a person is exposed to very low concentrations of ozone for even a 

brief period of time, the person may notice a sharp, irritating odor. As the concentration of 

ozone increases, the ability to smell it may decrease. Irritation of the eyes, dryness of the 

nose and throat, and cough may be experienced. If the ozone concentration continues to 

rise, more severe symptoms may develop. These may include headache, upset stomach, or 

vomiting, pain or tightness in the chest, shortness of breath or tiredness, which may last for 

several days to weeks. finally, with higher levels of exposure, the lungs may be damaged 

and death may occur."1  

If you can smell the odor of ozone, then the level of the gas is too high to be safe. It is 

generally understood that a person can begin to detect the odor of ozone at 0.1-ppm(parts 

per million. This the same level as OSHA's Permissible Exposure Limit (PEL) for an 8 hour 

work day. California OSHA has set the Short Term Exposure Limit (STEL) for 15 minutes of 

contact at 0.3-ppm, and the National Institute of Occupational Safety and Health IDHL (level 

of ozone considered Immediately Dangerous to Life and Health) is 5.0-ppm.6 
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When people are present in areas with levels of ozone at 0.1-ppm, the oils in their skin will 

be oxidized (aged) by the ozone. Furthermore they found: "Skin oils, on occupants and on 

other indoor surfaces to which they have migrated, influence indoor mixing ratios of 

oxidizing agents and oxidation products. This is true not only for ozone and ozone derived 

products, but also for hydroxyl radicals, nitrate radicals, and their oxidation products. The 

current study shows that a single human occupant removes 10 to 25% of the ozone in a 

typical 30 m room."26 In effect the levels of ozone available for neutralizing mVOCs are 

reduced by the presence of people in the environment. 

California maintains some of the strictest or most conservative standards for regulating the 

use of ozone for residential purifiers. According to the California State Air Resources Board: 

"All portable indoor air cleaning devices sold in California after October 18, 2010 must be 

certified by the California Air Resources Board. To be certified, air cleaners must be tested 

for electrical safety and ozone emissions, and meet an ozone emission concentration limit 

of 0.050 parts per million." This is a very low level of ozone - but perhaps the best 

description from a safety standpoint is that below 0.050-ppm you should not be able to 

smell the odor of ozone and the adverse effects are limited. The State of California also says 

ozone "Equipment should be specifically rated for the size of the area where it will be 

used". There are problems with this regulation that need to be considered: 

 The rating for the size of the area where the equipment is to be used is frequently 

not understood by the consumer. This frequently results in higher than 

recommended concentrations being present in occupied areas where too large a 

device is used. 

 The concentrations of gases will be higher closer to the generating equipment. If you 

are sitting or sleeping near to a unit that is properly sized for the room, you will be 

getting a much higher exposure than if you are across the room. I have inspected 

homes where the ozone unit is sitting on the nightstand right beside the bed with 

the air reeking of ozone at levels in the bed that are much too high to be safe.  

 If the smell of ozone is noticeable in the area of the equipment, it would make sense 

to move the equipment further away. However, this frequently does not happen 

because the odor of ozone quickly fades away due to olfactory fatigue even though 

the gas is still present at harmful levels.  

 Typically, the only time the odor of ozone will be able to be detected is during the 

first several breaths after entering the area being treated. After that, the warning 

properties are thwarted, as the nasal receptors are no longer able to respond to the 

odor. 
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As a result of the California regulation many ozone generating air purifiers have been 

evaluated. A list of equipment that is certified for sale in California can be found at 

https://www.arb.ca.gov/research/indoor/aircleaners/certified.htm  

Equipment that is not compliant is listed on the California EPA, Air Resources Board 

website for Potentially Hazardous Ozone Generators Sold as Air Purifiers at 

https://www.arb.ca.gov/research/indoor/o3g-list.htm  

 

HAZARDOUS BYPRODUCTS FROM OZONE TREATMENT 

Varieties of common household products react adversely with ozone. Instead of being 

broken down into safer compounds, they will react with ozone to form chemicals that are 

more toxic. These chemical reactions become more pronounced at ozone concentrations 

above 0.05-ppm. Keeping ozone concentrations at levels encountered in nature can 

minimize the risks. 

Terpenes are a group of naturally occurring plant produced hydrocarbons. They are a 

common and major component in soft woods, pine oil, pine resins, citrus oils, essential oils 

and many artificial and natural fragrances that are commonly present or used in our 

homes. The reaction of ozone gas with the levels of terpenes commonly found in homes 

results in the formation of known chemical irritants including: formaldehyde, acrolein, 

methacrolein, methyl vinylketone and other strong unidentified airway irritants.3 

Formaldehyde was determined to be Group 1 Carcinogen in 2004 by the International 

Agency for Research on Cancer. The California Office of Environmental Health Hazard 

Assessment listed acrolein in 2006 as an airway irritant and carcinogen. Formaldehyde and 

acrolein have been shown to induce or exacerbate asthma5 and acrolein is a biocide 

registered by the USEPA as a contact herbacide.20  

Isoprenes are chemicals commonly produced by oaks, poplars, and eucalyptus. Natural 

rubber is made up of chains of isoprene molecules. When isoprenes are exposed to ozone a 

variety of known irritant chemicals are produced including formic acid, acetic acid, 

formaldehyde, acrolein, methacrolein, and methyl vinylketone.4  

Various terpenes and isoprenes, when exposed to ozone, have also been shown to produce 

"Secondary organic aerosols (SOAs)" which are fine and ultrafine particles. The oxidation 

caused by ozone on the surface of items containing terpene and isoprene causes the 

sloughing of large quantities of these sub micro sized particles. These particles are so small 

that they bypass the respiratory system defenses and are taken deeply into the lungs where 

they pass into the bloodstream. SOAs have been found to cause lung and heart problems 

and other health effects." 5, 8 

https://www.arb.ca.gov/research/indoor/aircleaners/certified.htm
https://www.arb.ca.gov/research/indoor/o3g-list.htm
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4-Phenylcyclohexene (4-PC) is a colorless semi-volatile liquid used primarily in the backing 
of carpets made with Styrene-Butadiene Latex. It's odor is commonly described as being 
that "new carpet smell". It can be smelled when emitted from carpet at a very low level 
(0.03 ppb) and has been implicated in causing neurological and genetic damage. 4-PCH has 
been reported to react with ozone at the levels frequently found in carpeted homes to 
produce the irritant and carcinogen formaldehyde and other aldehydes."23  
 
Recent research is beginning to confirm suspicions about reactions between ozone and 
some commonly used pesticides. The pesticide malathion when oxidized by ozone forms 
malaoxon which is several times more toxic than the parent compound. 5, 9  The pesticide 
parathion forms highly toxic paraoxone.21 In both cases the chemicals formed are 
significantly more toxic than the original pesticide. Deltamethrin and permethrin, are two 
of the most frequently applied insecticides used in homes today. They are commonly used 
to kill spiders, fleas, cockroaches ants, mites and bedbugs. A July 2016 publication has 
shown that the products of the reaction of ozone with these common pesticides "may pose 
further health and environmental hazard due to their higher toxicity." 22  
 

In effect treating with ozone gas to reduce or eliminate musty or other odors may result in 
the substitution of an odorless dangerous molecule. When used at the lower levels 
permitted by the State of California, the formic acid and acetic acid odors may dissipate or 
be neutralized, but it is not yet completely understood what might be taking place with 
odorless carcinogens, irritants, ultrafine particles and more toxic pesticides that may result. 
 
OZONE AND VOCs 

Samuel Clemmons has said: "It ain't what you don't know that gets you into trouble. It's 

what you know for sure that just ain't so." When it comes to our homes it is difficult to 

know "for sure" which of the over 100,000 possible chemical Volitile Organic Compounds 

(VOCs) commonly used in household products may have been used, and how every 

chemical that has been used will react with ozone or what kind of residuals remain. In spite 

of the risks and challenges, the controlled use of low-level ozone may be able to help 

restore contents or personal possessions that have a musty odor. It may also be able to be 

used to provide temporary relief or control in situations where the potential side effects 

can be limited or controlled.  

I have already described the use of ozone in homes as an uncontrolled chemistry 

experiment, but by limiting or removing the chemicals present in your home it may be 

possible to reduce the risks of problematic side reactions or correct the issues that may 

develop. If you do not know if chemicals that react adversely with ozone are present, short 

test runs may be able to limit damage by allowing for the early recognition of unforeseen 

issues. In addition, isolation of items to a location outside the home while they are being 

treated may prevent a chemical cross contamination within your home. Ozone treatment 

chambers are one way of accomplishing this.  
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Essentials - Precautions When Using Ozone Treatments: 

1) Ozone is safe for use in occupied areas around people, pets, plants and personal 

possessions when the levels are less than 0.05-ppm 

2) Ozone may be used away from occupied areas at higher concentrations as a short-

term treatment to eliminate residual musty odors. The use of ozone gas at higher 

concentrations may result in harmful side reactions or damage to the building or 

personal possessions. A temporary treatment chamber can help with this process. 

3) Do not use ozone at higher concentrations in area where active mold growth is 

present. Ozone does not kill mold at the levels that can reasonably be achieved. 

Higher concentrations of ozone might stimulate certain actively growing molds to 

produce additional mycotoxins potentially making the home more toxic.  

4) Do not use ozone at higher concentrations to deodorize an area without first 

successfully remediating the mold growth. Ozone may make remediation more 

difficult as it may be more expensive to determine where hidden mold growth is 

located. Properly remediated areas should be clean, dry and free of musty odors 

because the mold has been successfully remediated and not because the musty 

odor has been eliminated artificially. Ozone does not remove contamination like 

spores, hyphae and mycotoxins. These harmful components of mold are left 

behind.  

4) Do not use ozone at higher concentrations for new carpets or area rugs that 

have a sharp acrid odor (new carpet smell) which is likely to be 4 

phenylcyclohexane (4-PC) and styrene. The reaction of 4-PC with ozone makes 

formaldehyde and other harmful chemicals.18  

5) Do not use ozone at higher concentrations for materials or buildings where 

terpenes are present. These include pine oil, citrus oil, limonine, tung oil, linseed 

oil, a number of essential oils, various kinds of room air fresheners, furniture 

polishes, clothes dryer softener sheets, scented candles, resinous woods and some 

cleaning product fragrances. These react with ozone to form formaldehyde, 

acrolein, methacrolein, methyl vinylketone and other strong unidentified airway 

irritants. 

6) Do not use ozone at higher concentrations around vitamins, supplements, 

herbal or medical treatments.  
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Essentials - Precautions When Using Ozone (Continued):   

7) Do not use ozone in homes that have been treated with pesticides. The reactions 

between many pesticides and ozone are not known, but some of the pesticides 

that are more commonly used in homes have been shown to produce highly toxic 

chemicals that are often more potent than the original pesticide.  

8) Do not use ozone for treating materials that contain natural rubbers including: 

gutta-percha, india rubber or caoutchouc. Not only does ozone cause the natural 

rubber to break down, loose its elasticity and disintegrate into dangerous fine 

particulates 17, but it can also cause the formation of hazardous or irritating 

byproducts including formic acid, acetic acid, formaldehyde, acrolein, 

methacrolein, and methyl vinyl ketone4. Items with natural rubber should be 

removed prior to using ozone. Items that may contain natural rubbers include:   

 Rubber bands 

 Natural latex gloves 

 Natural latex backing on carpet and area rugs 

 Natural elastic in clothing including socks and undergarments 

 Natural foam rubber in mattresses or furnishings 

 Pre 1940 electrical insulation used for knob and tube and other old wiring 

used in some locations as late as 1975 consisting of rubber impregnated 

asbestos or cloth can break down resulting in fire 

 Certain natural rubber gaskets and mastics in HVAC systems and ductwork 

 Natural rubber energy conservation home window seals and door seals 

 Natural rubber door and window gaskets and rubber seals in automobiles 

 Old or antique book bindings, paintings other artwork or collectables 

 HVAC system rubber gaskets and duct sealants. These materials are especially 

vulnerable when ozone or UV systems are installed as a retrofit in older 

furnace and air conditioning systems.  
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The rubber band test uses natural rubber bands stretched around a quart size jar to monitor 

if excessive levels of ozone are present in the area around the rubber band. If the rubber 

becomes cracked and brittle, the ozone levels are high enough to cause damage to people, 

pets, plants and some possessions. If the rubber bands stay flexible for several weeks then 

levels are more likely to be safe. 
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Essentials - Using Ozone Safely: 

In order to use ozone gas safely in occupied areas: 

1. Use equipment that is sized for the area where the ozone generator will be used.  

2. Use the rubber band test to monitor for levels of ozone that can cause damage to 

people, pets, plants and personal possessions. If the rubber bands are 

deteriorating - then too much ozone is being used in that space. 

3. In order to avoid overexposure to the higher concentrations of ozone present 

near the equipment it should be set up at a distance from where you sleep or 

spend significant periods. 

4. Start slowly in case there are unknown chemical reactions taking place. This will 

allow adjusting the settings or position of the equipment for maximum benefit. 

5. Set up a trial when you first begin using ozone. Set up the equipment, turn it on 

and leave the home to let it run for 10 to 15 minutes. It is important that you leave 

so you maintain your ability to smell the odors that are present when you return. 

When you first re-enter notice what you smell while the equipment is operating. 

There should be no noticeable odor of ozone near the machine. If you can smell 

the ozone the amount being generated is too high for people, pets, plants and 

possessions to be around continuously.  

6. If you are able to smell the odor of ozone near the equipment, but not further 

away, try increasing the air circulation in the treatment area with a fan to more 

thoroughly mix the ozone in the room.  

7. If you smell something different from when you first started the test, it may be 

ozone or something else. Turn off the ozone producing equipment and leave for 

about 20 minutes. When you return, see if the odor is gone. If it has disappeared 

then the odor was likely to be ozone. If the odor is still there it is more likely to be 

a chemical reaction with the ozone. Proceed cautiously.  

8.  Notice if the odors you are treating change with use. If they are worse, you may 

be using too high a concentration of ozone which is adversely reacting with 

chemicals in the home. See the Brain Fog Digest Section on Precautions.  
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Essentials - Using Ozone Safely (continued):    

9. If you are able to determine that an item or items have developed a lingering odor 

- try removing those objects to see if the odor dissipates. You may be able to clean 

the offending substance from the surface of the item by using the techniques 

discussed in the chapter on effective cleaning. If the malodor continues to linger 

after cleaning, the reacted chemical may be a part of the item and unable to be 

neutralized. This is common with new carpet or area rugs that have the sharp 

odor of the chemical 4-PC, which is typically made worse by ozone treatment. 

10. If you find that the building has developed a lingering odor after ozone has been 

used, you may be able to remove the offending substance from the ceiling walls 

and floors using the techniques discussed in the chapter on effective cleaning. 

11. It is better to clean or remove the substances that are adversely reacting with the 

ozone before starting another short trial run. 

12. When using ozone continuously, do a quick mental check to see what you smell 

each time you re-enter your home from running errands. This should clear your 

sense of smell for odors by providing it time to reset.  

13. Watch for changing odors, which may indicate that you need to adjust your use of 

ozone. As time elapses and certain beneficial reactions reach their end point, you 

may find new reactions begin that are not helpful. Maybe you have started using a 

new product that is adversely reacting with the ozone, or maybe the building 

conditions are changing.  

14. Routinely shut off the ozone generator and let the building reach a new state of 

equilibrium. The half-life of ozone is between 7 and 10 minutes, so letting the 

home sit for an hour will allow time for the ozone to break down. You may find 

that the low levels of ozone have been effective in removing the musty odors and 

they do not return. If you don't need to use the ozone - then don't.  

15. Pay attention to your living environment, you may find that the return of musty 

odors is situational or seasonal. As an example - if your home only gets musty 

when it rains - that is an indication that something is getting wet and mold is 

starting to grow. If you run the equipment all the time you may miss that 

important indicator that will alert you to additional damage that is forming. 

16. When used in the proper amounts in an appropriately sized area you should 

notice improvements in indoor air quality. The information in this chapter should 

help you figure out if ozone can be properly and effectively used for your 

situation. 
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OZONE TREATMENT CHAMBER    

Ozone chambers are generally small rooms outside of the living space where individual 

items can be treated under controlled conditions. The chamber is empty of everything that 

is not being treated except some shelves or racks to hold the items that are going to be 

treated. Items should not sit on the floor, but can be placed on small blocks to allow air 

circulation on all sides. A small circulating fan will often be included in the chamber to help 

evenly distribute the ozone. The only chemicals that should be used inside the chamber 

would be unscented soap or detergent and water to clean by damp wiping (not wet wiping) 

the surfaces inside the chamber. Temporary chambers have been built in the same ways 

with the same materials that are used in constructing mini-containments for performing 

remediation. Ideally the chamber would be 

set up outside on a covered porch or in a 

well ventilated unattached garage, shed or 

outbuilding. The idea is that if an adverse 

chemical reaction occurs with items while 

they are being treated with ozone, the 

damage will be limited to the chamber and 

those items within the chamber.  

Pre-cleaning items by HEPA vacuuming and 

damp wiping using unscented  soap or 

detergent as described in the section on 

Effective Cleaning lessens the risk of an 

adverse reaction between the ozone and 

the item being treated. Pre-cleaning 

removes the mold spores, hyphae, fungal 

fragments and mycotoxins along with the 

oily surface films and dirt that can contain 

the terpenes left behind by deodorizers, 

fragrances, essential oils, from the surfaces 

of the items. Whereas terpenes are more 

likely to be limited to the surface of the 

item, isoprenes such are in natural rubber 

and a variety of woods such as oak, poplar, 

and eucalyptus are more likely to be throughout the item. These items should be treated 

separately from non-isoprene containing items so that it they do react adversely, the 

damage will be limited to the item and not be carried over to everything else. 

 

Ozone Purification versus Ozone 

Treatment 

Ozone Purification equipment is used at 

levels of less than 0.05 ppm within rooms 

or areas while they are occupied to 

neutralize odors by breaking down 

reactive molecules like those that cause 

musty odors 

Ozone Treatment is performed with high 

levels of ozone. Treatments are never 

performed in areas occupied by people, 

pets, plants or possessions The high 

levels of ozone used can create harmful 

by-products or side effects. Treatments 

are best performed in chambers or areas 

where the damage can be limited if 

adverse reactions occur. 
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Essentials - Using Ozone to Treat Personal Possessions 

When attempting to remove musty odors from personal belongings or furniture: 

1) Thoroughly clean the item or items (see Effective Cleaning and Contents Cleaning) 

using HEPA vacuuming and an unscented soap or dishwashing detergent. Then 

try leaving it in bright sunlight for a few days. Musty odors will frequently 

disappear following these steps without using ozone. 

2) Ideally ozone treatments will be performed in an ozone chamber located outside 

of the home. This way if adverse reactions occur, the damage is limited to the item 

and not carried over into the home. 

3) If acidic odors develop in items during the ozoning process, the acids that have 

formed may be able to be neutralized by cleaning with baking soda. Items that 

will not be damaged by water should be rinsed with a baking soda solution to 

neutralize the acids, followed by rapid drying. Dry packing with baking soda for 

several days followed by microfiber cleaning may be successful in neutralizing the 

acids for items that can't get wet. 

4) If oily terpene residues have been applied or deposited on wood furniture or 

other hard surfaces, they should be cleaned using soap and water(See the section 

on deep cleaning your home and personal belongings), before ozone is used. This 

is because it is better to remove the oily terpenes from the surfaces before they 

react with the ozone. Once they have reacted to form more toxic products they are 

more difficult to safely and adequately clean from surfaces. 

5) If sub-micron sized particles created by the reaction of ozone with terpenes on 

items can't be avoided, they may be able to be cleaned from the item after the 

ozone treatment is complete. The cleaning should be performed outside while 

standing upwind or using a fan to direct the particles away from yourself. Damp 

wiping with disposable microfiber cloths will be more effective than HEPA 

vacuuming since molecular forces may be stronger than the vacuum cleaner can 

overcome. 
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Start slowly. Try a short fifteen minute exposure, let the items sit for an hour for the ozone 

to clear - then give the sniff test. If a pungent odor has already begun to develop proceed 

very cautiously. If the acidic odor develops because of an adverse reaction with a residual 

surface film you may be able to neutralize the acids by cleaning with a baking soda solution 

to neutralize the acids that were produced. 

Typically, the greatest success using ozone is to treat pre-cleaned clothing and linins (free 

of natural rubber elastics) that have a musty odor. The typical recommendation for 

 

 

Essentials - Using O3 to Treat Personal Possessions (continued):    

 

6) It is always best to treat items in an ozone chamber so that if there is a deleterious 

side reaction the harmful products are contained and not released into your 

home. After ozoning the residues of formic acid and acetic acid can be neutralized 

by re-cleaning with a baking soda solution. The wet cleaning may also reduce the 

level of water soluble chemical deposits on the item's surface. This will also help 

remove formaldehyde deposits that form on the items surface the post ozone 

cleaning can also reduce the amount of fine and ultra fine particles that may have 

been produced on the items surface. 

7) Any wet or damp cleaning needs to be followed by rapid drying. 

8) Ozonated water is usually safer for treating carpet and area rugs than ozone gas. 

They should be pre-clean by HEPA vacuuming to remove dirt and excess chemical 

laden dusts. This would be followed by immersion cleaning using an unscented 

soap or detergent solution to remove the terpene laden oils. The carpet or area 

rug is then rinsed, followed by submersion cleaning in ozonated water and rapid 

drying.  This is best done by professionals that are experienced in using 

submersion cleaning and ozonated water. They should be able to evaluate the 

materials to determine if the process will cause damage or bleach out the color. 

9) If ozone gas is going to be used for treating a carpet or area rug it is best done in 

an ozone chamber so the harmful byproducts are not released into the home. 

After using ozone gas the levels of harmful byproducts may be able to be reduced 

by additional cleaning. Formic acid and acetic acid can be neutralized by re-

cleaning with a baking soda solution. The wet cleaning may also reduce the level 

of chemicals that are soluble in water such as formaldehyde and the extraction of 

the cleaning solution and rinse water can reduce the amount of fine and ultra fine 

particles that may have been produced.  
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cleaning clothing that has been affected with mold is to wash them for two complete cycles. 

If the items have a remaining musty odor they can be chamber treated with ozone then 

given the sniff test to see if the mustiness is gone. If the musty odor has been replaced with 

a vinegar or acid smell, an additional treatment with baking soda added to the water may 

be able to restore them to normal.  

Treating clothing that requires dry cleaning can be tricky. If the clothing has terpenes from 

fragrances in underarm deodorants, after shaves, or perfumes the dry clean will remove 

these to prevent the adverse terpene reaction. The items should then be allowed to outgas 

thoroughly to get rid of as much perchloroethylene (dry cleaning fluid) as possible prior to 

using ozone in a chamber. The reaction between perchloroethylene and ozone results in 

dichlorine monoxide being formed. This potent toxic chemical has a very strong persistent 

chlorine odor that can ruin the clothing - so it is very important that the perchloroethylene 

has completely evaporated from the clothing before they are treated. You may want to do a 

trial treatment with a single item of dry cleaned clothing to see if it has adequately 

outgassed before treating the rest.  

"Green" dry cleaning using carbon dioxide should be fine for immediate ozone treatment 

since there are no adverse reactions between carbon dioxide and ozone. Other "green" dry 

cleaning systems use silicone in the form of Siloxane D5. Silicone is very resistant to ozone 

but the exact nature of the reaction between Siloxane and ozone is not known, so more 

information is needed. 

 

MONITORING FOR ADVERSE EFFECTS OF OZONE 

Using your sense of smell is one way of monitoring for adverse effects of ozone gas. The 

ozone molecule’s odor disappears after a few minutes. If you are able to smell ozone while 

the equipment is operating then either the output levels are too high for the area to be 

occupied safely or you are too close to where the ozone is being generated. Some people 

are unable to smell ozone at any level. Most people do not find the odor of ozone 

unpleasant. It is frequently described as that fresh odor present outside just after a rain 

storm with lightning. When strong acidic or acrid odors develop you are more likely 

smelling is the odorous by-products. If side effect odors from ozone develop, they will 

frequently have more of a chemical odor that does not disappear quickly and is sometimes 

permanent. These types of malodors are a clue that there are terpenes, isoprenes or other 

chemicals that are reacting in an unwanted side reaction. If you enter an area with sharp 

odors when the ozone equipment has been off for more than 30 minutes, then you are not 

smelling ozone. If the odor seems to disappear, a few minutes after you enter an area, it 

may be they are not gone. Instead, you may have become desensitized due to olfactory 
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fatigue to that odor. The side-effect chemicals may still be present. Every time you leave for 

a few hours, take note of the odors during the first few minutes after you return. Everyone 

and every chemical odor is different so you will need to figure out how well your sense of 

smell works and how long it takes to recover once it has been overloaded. 

Another monitoring method involves rubber bands. This is most effective to monitor the 

damage that may be done to natural carpet backing, many book bindings, natural latex 

mattresses and other items containing latex or natural rubber. To monitor damage caused 

by ozone, take natural colored rubber bands and stretch them around the outside of several 

quart size glass jars. Space the jars throughout the area where the ozone is being used and 

watch how long it takes the rubber bands to lose their elasticity. If it is disintegrating in a 

few hours to several days, a lot of damage is being done and the ozone levels are much too 

high for safety. If you suspect your HVAC system, ionizer, electrostatic precipitation unit, 

portable air purifier, photocopier or other device has a built in ozone generator or UV lamp 

system generating ozone, you can place a jar with rubber bands in the air stream coming 

from the device. If they begin to get brittle, disintegrate or fall apart, then the levels of 

ozone that are being emitted are too high and are causing damage.  

Always remember that successfully using ozone to reduce musty odors can be a valuable 

technique, but has a risk of causing other unwanted reactions and damage. Recognizing the 

early signs of such damage can reduce the risks of exposure to these by-products of the 

ozone reaction. Ozone treatment does not eliminate mold spores, allergens or mycotoxins 

and does not kill mold at treatment levels that are attainable in home environments. There 

are cases, where mold problems in a building are out of your immediate control. If you are 

a tenant or condominium owner and suspect mold is migrating from an adjoining unit or 

concealed space, It may be possible to treat the mVOCs and have a reduction in musty 

odors , but other mitigation methods should also be implemented to reduce the level of 

particles entering. Isolate, ventilate and effectively clean your unit to help reduce your 

exposure to mold spores and fungal fragments. Even though the musty odors are gone, the 

mold spores and fungal fragments are not removed or treated effectively by ozone. In those 

instances where items have taken on a persistent musty odor and they are clean and dry, 

ozone may be helpful in eliminating the musty odor by having them treated offsite in an 

ozone chamber. Ozone can be a helpful tool - but needs to be used with an understanding of 

the risks and limitations. 
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Coauthor for the book Prescriptions for a Healthy House: A Practical Guide for Architects, 

Builders and Homeowners. 

 
This chapter on the use of ozone has been excerpted from John's new book that focuses on 
mold problems in the home. The book's working title is "Mold Controlled, A Practical Guide to 
Find, Avoid, and Fix Problems in Water Damaged Buildings. The book is scheduled for 
Publication March 2019. If you don't want to wait for full publication John is making draft 
chapters available when they are ready - as perks for contributors to his crowd-funding 
campaign to conduct research to help answer additional questions about mold that still 
remain unclear.  
 
Learn more about his research and book at www.JohnCBanta.com  
 
John provides telephone and on-site consulting services through RestCon Environmental. He 
can be reached at 510-769-7230 ext. 306. 
 


