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Introduction
Ozone is a molecule that is comprised of three oxygen molecules, with the chemical symbol O3. Present in trace amounts in
Earth’s surface atmosphere, it is faintly blue in color and has a pungent odor. The molecule is formed when ultraviolet (UV) light
or electricity interact with O2. In addition to its function of blocking much UV radiation from striking the earth (the so-called
‘Ozone Layer’), ozone is also a potent oxidizer. This property makes ozone a useful chemical in industrial applications, and also
makes ozone potentially damaging to humans and animals. The World Health Organization (WHO) guideline is to keep 8-hour
exposure below 100 ug/m3. The US Environmental Protection Agency (EPA) recommends 8-hour levels below 0.070 ppm
(equivalent to 70 ug/m3). For clarity, in the remainder of this report, all units will be converted to ppm (parts per million).
Antimicrobial effects
The mechanism of ozone as an antimicrobial is that it oxidizes organic compounds to carbon dioxide and water. Upon exposure
to ozone, airborne and surface bacteria are killed because their organic material is destroyed. These effects have been known
for over 100 years.
Ozone generators for rooms are widely available and marketed as air purifiers, deodorizers, and sterilizers. A search on amazon.
com reveals over 300 hits. The EPA reviewed the utility of these devices and concluded, “if used at concentrations that do not
exceed public health standards, ozone applied to indoor air does not effectively remove viruses, bacteria, mold, or other
biological pollutants.”

The killing of bacteria on surfaces with gaseous ozone has also been studied. When looking at heavy loads of manure-based
pathogens (e.g. e. coli), gaseous ozone at concentrations as low as 4 ppm (note: this is 50 times the EPA’s recommended level)
can reduce bacterial loads to safe levels after 4 minutes
of exposure on surfaces like plastic or metal. However,
OZONE IMPACT ON LUNG HEALTH
surfaces such as rubber, nylon, and wood do not experience sufficient reduction to be considered safe. In fact,
THE [EPA CONCLUSION] IS BASED ON A CONVINCING
for rubber and wood, the point estimate of the probabilBODY OF HIGH-QUALITY HUMAN AND ANIMAL EVIity of reducing bacteria to safe levels approaches zero.
DENCE THAT SHORT-TERM OZONE EXPOSURE TRIGGERS
Exposure times of 2- and 8- minutes show similar results.
‘LUNG FUNCTION DECREMENTS, DECREASED AIRWAY
This means that it is extraordinarily unlikely that expoRESPONSIVENESS, RESPIRATORY SYMPTOMS, AND
sure to high levels of ozone for several minutes would
RESPIRATORY TRACT INFLAMMATION.”
result in sterilization of these surfaces. Concentrations
as high as 1000 ppm and exposure times as high as 24
hours were studied. A separate study showed the effectiveness of gaseous ozone + hydrogen peroxide at concentrations of 80 ppm for 30-90 minutes. This proved to be effective at
disinfecting cotton swabs. Unsurprisingly, higher concentrations, and longer exposure times are more effective. Such exposures
are well above safe levels and would be toxic and possibly lethal to humans.
Effects of Ozone on the Human Respiratory Tract
The EPA released a 1500-page report in April 2020 (Integrated Science Assessment (ISA) for Ozone and Related Photochemical
Oxidants) that covers the many health risks of ozone. When inhaled, ozone reacts with various components of the cells of the
respiratory tract, creating oxidation byproducts. Short-term exposure to toxic levels was determined to be “causal” for respiratory problems in humans. This conclusion is based on a convincing body of high-quality human and animal evidence that
short-term ozone exposure triggers, “lung function decrements, decreased airway responsiveness, respiratory symptoms, and
respiratory tract inflammation” which leads to, “asthma exacerbation, chronic obstructive pulmonary disease (COPD) exacerbation, respiratory infection, and hospital admissions and emergency department (ED) visits for combined respiratory diseases.”
Negative lung effects can be observed in healthy adults when exposed to concentrations as low as .06 ppm for 6.6 hours. Other
studies document effects at even lower concentrations. People with pre-existing lung conditions, as well as children, seem to be
at increased risk for these deleterious effects.
Conclusion: There is a substantial amount of evidence that ozone reduces lung function in all populations. The effects are
greater in children, the elderly, and in people with underlying lung disease.
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Ozone in Confined Spaces
The aforementioned association of the presence of ozone and decreases in lung function is described in multiple studies across
multiple populations for indoor-specific exposure as well. The median concentration of indoor ozone in schools and offices has
been found to be 0.008-0.009 ppm with some exceeding 0.01 ppm or more. Much indoor ozone comes from outdoor sources.
In the summer months, when ambient outdoor ozone is higher, indoor ozone will increase.
Indoor ozone can come from multiple sources including
photocopiers, laser printers, electrostatic air filters, and
antimicrobial ozone generators. Medical devices can also
generate ozone, either inadvertently or by design. In the
words of Hubbard et. al., “Explicit ozone generators should
be a concern with respect to elevated inhalation exposure
of building occupants to ozone.”[Hubbard, H.F., Indoor Air ,
15(6), 432–444.]

Elevated ozone levels present risk indoors

Medical devices can also generate ozone, either inadvertently or by design. “Explicit ozone generators
should be a concern with respect to elevated inhalation exposure of building occupants to ozone.”
- Hubbard, HF. Indoor Air, 15(6), 432-444

Conclusion: Generating ozone indoors increases ozone levels and should be avoided.
Ozone in the Healthcare Setting
High concentrations of ozone have been used to sterilize reusable surgical instruments as well as in the processing of hospital
laundry. Notably, neither of these activities take place where there are patients or other hospital personnel. In fact, the levels of
ozone used in these applications are extremely dangerous to humans.
One of the most common sources of ozone in patient care environments is from UV light room sterilizing devices. In this instance, ozone is an unintentional byproduct. There are case reports of healthcare workers with asthma having asthma attacks
when working near one of these devices. There are ozone-generating devices marketed to consumers to clean home CPAP
machines. The FDA has received reports of users who have experienced cough, difficulty breathing, and, asthma attacks and
other breathing problems when using one of these machines. Multiple well-designed studies demonstrate the need to minimize
various patient population’s exposure to ozone.
Because of cases like these and the overwhelming evidence of a lack of efficacy in patient care, the US Food and Drug Administration (FDA) has addressed the issue and established a maximum level of ozone generation of 0.05 ppm for medical devices and
that these devices may not cause an accumulation of ozone in a room to be greater than 0.05 ppm. In the same regulation, the
FDA declares that devices that “generate ozone and release it into the atmosphere in hospitals or other establishments occupied
by the ill or infirm” are not compliant with its branding regulations.

Conclusion: In concentrations that are toxic to humans, ozone can be used for
the sterilization of the environment with varying degrees of efficacy. Because
of its toxicity, the generation of ozone (whether intentional or unintentional)
in areas where humans are present should be avoided. This is especially true in
healthcare settings where vulnerable populations reside.
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