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2=21(�*(1(5$7256�7+$7�$5(�62/'�$6�$,5�&/($1(56�$Q�$VVHVVPHQW�RI�(IIHFWLYHQHVV�DQG�+HDOWK�&RQVHTXHQFHV1RWH� There is a large body of written material on ozone and the use of ozone 
indoors. However, much of this material makes claims or draws conclusions 
without substantiation and sound science. In developing 2]RQH�*HQHUDWRUV�WKDW�DUH�6ROG�DV�$LU�&OHDQHUV, the EPA reviewed a wide assortment of this literature, 
including information provided by a leading manufacturer of ozone generating 
devices. In keeping with EPA's policy of insuring that the information it provides is 
based on sound science, only peer reviewed, scientifically supported findings and 
conclusions were relied upon in developing this document.,QWURGXFWLRQ�DQG�3XUSRVH

Ozone generators that are sold as air cleaners intentionally produce the gas ozone. Often the vendors of ozone 
generators make statements and distribute material that lead the public to believe that these devices are always safe and 
effective in controlling indoor air pollution. For almost a century, health professionals have refuted these claims (Sawyer, 
et. al 1913; Salls, 1927; Boeniger, 1995; American Lung Association, 1997; Al-Ahmady, 1997). The purpose of this 
document is to provide accurate information regarding the use of ozone-generating devices in indoor occupied spaces. 
This information is based on the most credible scientific evidence currently available.

Some vendors suggest that these devices have been approved by the federal government for use in occupied spaces. To 
the contrary, 12 agency of the federal government has approved these devices for use in occupied spaces. Because of 
these claims, and because ozone can cause health problems at high concentrations, several federal government 
agencies have worked in consultation with the U.S. Environmental Protection Agency to produce this public information 
document.7DEOH�RI�&RQWHQWV

What is ozone
How is ozone harmful
Is there such a thing as "good ozone," and "bad ozone"
Are ozone generators effective in controlling indoor air pollution
If I follow manufacturers' directions, can I be harmed
Why is it difficult to control ozone exposure with an ozone generator
Can ozone be used in unoccupied spaces
What other methods can be used to control indoor air pollution
Conclusions
Recommendation
Additional Resources
- Publications
- Information Sources
Bibliography:+$7�,6�2=21("

Ozone is a molecule composed of three atoms of oxygen. Two atoms of oxygen form the basic oxygen molecule--the 
oxygen we breathe that is essential to life. The third oxygen atom can detach from the ozone molecule, and re-attach to 
molecules of other substances, thereby altering their chemical composition. It is this ability to react with other substances 
that forms the basis of manufacturers’ claims.
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The same chemical properties that allow high concentrations of ozone to react with organic material outside the body give 
it the ability to react with similar organic material that makes up the body, and potentially cause harmful health 
consequences. When inhaled, ozone can damage the lungs. Relatively low amounts can cause chest pain, coughing, 
shortness of breath, and, throat irritation. Ozone may also worsen chronic respiratory diseases such as asthma and 
compromise the ability of the body to fight respiratory infections. People vary widely in their susceptibility to ozone. 
Healthy people, as well as those with respiratory difficulty, can experience breathing problems when exposed to ozone. 
Exercise during exposure to ozone causes a greater amount of ozone to be inhaled, and increases the risk of harmful 
respiratory effects. Recovery from the harmful effects can occur following short-term exposure to low levels of ozone, but 
health effects may become more damaging and recovery less certain at higher levels or from longer exposures (US EPA, 
1996a, 1996b).

Manufacturers and vendors of ozone devices often use misleading terms to describe ozone. Terms such as "energized 
oxygen" or "pure air" suggest that ozone is a healthy kind of oxygen. Ozone is a toxic gas with vastly different chemical 
and toxicological properties from oxygen. Several federal agencies have established health standards or 
recommendations to limit human exposure to ozone. These exposure limits are summarized in Table 1.7DEOH����2]RQH�+HDWK�(IIHFWV�DQG�6WDQGDUGV+HDOWK�(IIHFWV 5LVN�)DFWRUV +HDOWK�6WDQGDUGV
3RWHQWLDO�ULVN�RI�H[SHULHQFLQJ�
Decreases in lung 
function

Aggravation of asthma

Throat irritation and 
cough

Chest pain and 
shortness of breath

Inflammation of lung 
tissue

Higher susceptibility to 
respiratory infection

)DFWRUV�H[SHFWHG�WR�LQFUHDVH�ULVN�DQG�VHYHULW\�RI�KHDOWK�HIIHFWV�DUH�
Increase in ozone air 
concentration

Greater duration of exposure 
for some health effects

Activities that raise the 
breathing rate (e.g., exercise)

Certain pre-existing lung 
diseases (e.g., asthma)

The )RRG�DQG�'UXJ�$GPLQLVWUDWLRQ (FDA) requires ozone 
output of indoor medical devices to be no more than 0.05 ppm.

The 2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�$GPLQLVWUDWLRQ
(OSHA) requires that workers not be exposed to an average 
concentration of more than 0.10 ppm for 8 hours.

The 1DWLRQDO�,QVWLWXWH�RI�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK
(NIOSH) recommends an upper limit of 0.10 ppm, not to be 
exceeded at any time.

The (QYLURQPHQWDO�3URWHFWLRQ�$JHQF\ (EPA)’s National 
Ambient Air Quality Standard for ozone is a maximum 8 hour 
average outdoor concentration of 0.08 ppm.

(* ppm = parts per million),6�7+(5(�68&+�$�7+,1*�$6��*22'�2=21(��$1'��%$'�2=21(�"
The phrase "good up high - bad nearby" has been used by the U.S. Environmental Protection Agency (EPA) to make the 
distinction between ozone in the upper and lower atmosphere. Ozone in the upper atmosphere--referred to as 
"stratospheric ozone"--helps filter out damaging ultraviolet radiation from the sun. Though ozone in the stratosphere is 
protective, ozone in the atmosphere - which is the air we breathe - can be harmful to the respiratory system. Harmful 
levels of ozone can be produced by the interaction of sunlight with certain chemicals emitted to the environment (e.g., 
automobile emissions and chemical emissions of industrial plants). These harmful concentrations of ozone in the 
atmosphere are often accompanied by high concentrations of other pollutants, including nitrogen dioxide, fine particles, 
and hydrocarbons. :KHWKHU�SXUH�RU�PL[HG�ZLWK�RWKHU�FKHPLFDOV��R]RQH�FDQ�EH�KDUPIXO�WR�KHDOWK�
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$YDLODEOH�VFLHQWLILF�HYLGHQFH�VKRZV�WKDW�DW�FRQFHQWUDWLRQV�WKDW�GR�QRW�H[FHHG�SXEOLF�KHDOWK�VWDQGDUGV��R]RQH�KDV�OLWWOH�SRWHQWLDO�WR�UHPRYH�LQGRRU�DLU�FRQWDPLQDQWV�Some manufacturers or vendors suggest that ozone will render 
almost every chemical contaminant harmless by producing a chemical reaction whose only by-products are carbon 
dioxide, oxygen and water. This is misleading.

• First, a review of scientific research shows that, for many of the chemicals commonly found in indoor 
environments, the reaction process with ozone may take months or years (Boeniger, 1995). For all practical 
purposes, ozone does not react at all with such chemicals. And contrary to specific claims by some vendors, 
ozone generators are not effective in removing carbon monoxide (Salls, 1927; Shaughnessy et al., 1994) or 
formaldehyde (Esswein and Boeniger, 1994).

• Second, for many of the chemicals with which ozone does readily react, the reaction can form a variety of harmful 
or irritating by-products (Weschler et al., 1992a, 1992b, 1996; Zhang and Lioy, 1994). For example, in a 
laboratory experiment that mixed ozone with chemicals from new carpet, ozone reduced many of these 
chemicals, including those which can produce new carpet odor. However, in the process, the reaction produced a 
variety of aldehydes, and the total concentration of organic chemicals in the air increased rather than decreased 
after the introduction of ozone (Weschler, et. al., 1992b). In addition to aldehydes, ozone may also increase 
indoor concentrations of formic acid (Zhang and Lioy, 1994), both of which can irritate the lungs if produced in 
sufficient amounts. Some of the potential by-products produced by ozone’s reactions with other chemicals are 
themselves very reactive and capable of producing irritating and corrosive by-products (Weschler and Shields, 
1996, 1997a, 1997b). Given the complexity of the chemical reactions that occur, additional research is needed to 
more completely understand the complex interactions of indoor chemicals in the presence of ozone.

• Third, ozone does not remove particles (e.g., dust and pollen) from the air, including the particles that cause most 
allergies. However, some ozone generators are manufactured with an "ion generator" or "ionizer" in the same 
unit. An ionizer is a device that disperses negatively (and/or positively) charged ions into the air. These ions 
attach to particles in the air giving them a negative (or positive) charge so that the particles may attach to nearby 
surfaces such as walls or furniture, or attach to one another and settle out of the air. In recent experiments, 
ionizers were found to be less effective in removing particles of dust, tobacco smoke, pollen or fungal spores than 
either high efficiency particle filters or electrostatic precipitators. (Shaughnessy et al., 1994; Pierce, et al., 1996). 
However, it is apparent from other experiments that the effectiveness of particle air cleaners, including 
electrostatic precipitators, ion generators, or pleated filters varies widely (U.S. EPA, 1995).7KHUH�LV�HYLGHQFH�WR�VKRZ�WKDW�DW�FRQFHQWUDWLRQV�WKDW�GR�QRW�H[FHHG�SXEOLF�KHDOWK�VWDQGDUGV��R]RQH�LV�QRW�HIIHFWLYH�DW�UHPRYLQJ�PDQ\�RGRU�FDXVLQJ�FKHPLFDOV�

• In an experiment designed to produce formaldehyde concentrations representative of an embalming studio, 
where formaldehyde is the main odor producer, ozone showed no effect in reducing formaldehyde concentration 
(Esswein and Boeniger, 1994). Other experiments suggest that body odor may be masked by the smell of ozone 
but is not removed by ozone (Witheridge and Yaglou, 1939). Ozone is not considered useful for odor removal in 
building ventilation systems (ASHRAE, 1989).

• While there are few scientific studies to support the claim that ozone effectively removes odors, it is plausible that 
some odorous chemicals will react with ozone. For example, in some experiments, ozone appeared to react 
readily with certain chemicals, including some chemicals that contribute to the smell of new carpet (Weschler, 
1992b; Zhang and Lioy, 1994). Ozone is also believed to react with acrolein, one of the many odorous and 
irritating chemicals found in secondhand tobacco smoke (US EPA, 1995).
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,I�XVHG�DW�FRQFHQWUDWLRQV�WKDW�GR�QRW�H[FHHG�SXEOLF�KHDOWK�VWDQGDUGV��R]RQH�DSSOLHG�WR�LQGRRU�DLU�GRHV�QRW�HIIHFWLYHO\�UHPRYH�YLUXVHV��EDFWHULD��PROG��RU�RWKHU�ELRORJLFDO�SROOXWDQWV�
• Some data suggest that low levels of ozone may reduce airborne concentrations and inhibit the growth of some 

biological organisms while ozone is present, but ozone concentrations would have to be 5 - 10 times higher than 
public health standards allow before the ozone could decontaminate the air sufficiently to prevent survival and 
regeneration of the organisms once the ozone is removed (Dyas, et al.,1983; Foarde et al., 1997).

• Even at high concentrations, ozone may have no effect on biological contaminants embedded in porous material 
such as duct lining or ceiling tiles (Foarde et al, 1997). In other words, ozone produced by ozone generators may 
inhibit the growth of some biological agents while it is present, but it is unlikely to fully decontaminate the air 
unless concentrations are high enough to be a health concern if people are present. Even with high levels of 
ozone, contaminants embedded in porous material may not be affected at all.,)�,�)2//2:�0$18)$&785(56¶�',5(&7,216��&$1�,�%(�+$50('"

5HVXOWV�RI�VRPH�FRQWUROOHG�VWXGLHV�VKRZ�WKDW�FRQFHQWUDWLRQV�RI�R]RQH�FRQVLGHUDEO\�KLJKHU�WKDQ�WKHVH�VWDQGDUGV�DUH�SRVVLEOH�HYHQ�ZKHQ�D�XVHU�IROORZV�WKH�PDQXIDFWXUHU¶V�RSHUDWLQJ�LQVWUXFWLRQV. There are many brands and 
models of ozone generators on the market. They vary in the amount of ozone they can produce. In many circumstances, 
the use of an ozone generator may not result in ozone concentrations that exceed public health standards. But many 
factors affect the indoor concentration of ozone so that under some conditions ozone concentrations may exceed public 
health standards.

• In one study (Shaughnessy and Oatman, 1991), a large ozone generator recommended by the manufacturer for 
spaces "up to 3,000 square feet," was placed in a 350 square foot room and run at a high setting. The ozone in 
the room quickly reached concentrations that were exceptionally high--0.50 to 0.80 ppm which is 5-10 times 
higher than public health limits (see Table 1).

• In an EPA study, several different devices were placed in a home environment, in various rooms, with doors 
alternately opened and closed, and with the central ventilation system fan alternately turned on and off. The 
results showed that some ozone generators, when run at a high setting with interior doors closed, would 
frequently produce concentrations of 0.20 - 0.30 ppm. A powerful unit set on high with the interior doors opened 
achieved values of 0.12 to 0.20 ppm in adjacent rooms. When units were not run on high, and interior doors were 
open, concentrations generally did not exceed public health standards (US EPA, 1995).

• The concentrations reported above were adjusted to exclude that portion of the ozone concentration brought in 
from the outdoors. Indoor concentrations of ozone brought in from outside are typically 0.01- 0.02 ppm, but could 
be as high as 0.03 - 0.05 ppm (Hayes, 1991; U.S. EPA, 1996b; Weschler et al., 1989, 1996; Zhang and Lioy; 
1994). ,I�WKH�RXWGRRU�SRUWLRQ�RI�R]RQH�ZHUH�LQFOXGHG�LQ�WKH�LQGRRU�FRQFHQWUDWLRQV�UHSRUWHG�DERYH��WKH�FRQFHQWUDWLRQV�LQVLGH�ZRXOG�KDYH�EHHQ�FRUUHVSRQGLQJO\�KLJKHU��LQFUHDVLQJ�WKH�ULVN�RI�H[FHVVLYH�R]RQH�H[SRVXUH�

• None of the studies reported above involved the simultaneous use of more than one device. The simultaneous 
use of multiple devices increases the total ozone output and therefore greatly increases the risk of excessive 
ozone exposure.
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The actual concentration of ozone produced by an ozone generator depends on many factors. Concentrations will be 
higher if a more powerful device or more than one device is used, if a device is placed in a small space rather than a large 
space, if interior doors are closed rather than open and, if the room has fewer rather than more materials and furnishings 
that adsorb or react with ozone and, provided that outdoor concentrations of ozone are low, if there is less rather than 
more outdoor air ventilation.

The proximity of a person to the ozone generating device can also affect one’s exposure. The concentration is highest at 
the point where the ozone exits from the device, and generally decreases as one moves further away.

Manufacturers and vendors advise users to size the device properly to the space or spaces in which it is used. 
Unfortunately, some manufacturers’ recommendations about appropriate sizes for particular spaces have not been 
sufficiently precise to guarantee that ozone concentrations will not exceed public health limits. Further, some literature 
distributed by vendors suggests that users err on the side of operating a more powerful machine than would normally be 
appropriate for the intended space, the rationale being that the user may move in the future, or may want to use the 
machine in a larger space later on. Using a more powerful machine increases the risk of excessive ozone exposure.

Ozone generators typically provide a control setting by which the ozone output can be adjusted. The ozone output of 
these devices is usually QRW proportional to the control setting. That is, a setting at medium does not necessarily generate 
an ozone level that is halfway between the levels at low and high. The relationship between the control setting and the 
output varies considerably among devices, although most appear to elevate the ozone output much more than one would 
expect as the control setting is increased from low to high. In experiments to date, the high setting in some devices 
generated 10 times the level obtained at the medium setting (US EPA, 1995). Manufacturer’s instructions on some 
devices link the control setting to room size and thus indicate what setting is appropriate for different room sizes. 
However, room size is only one factor affecting ozone levels in the room.

In addition to adjusting the control setting to the size of the room, users have sometimes been advised to lower the ozone 
setting if they can smell the ozone. Unfortunately, the ability to detect ozone by smell varies considerably from person to 
person, and one’s ability to smell ozone rapidly deteriorates in the presence of ozone. While the smell of ozone may 
indicate that the concentration is too high, lack of odor does not guarantee that levels are safe.

At least one manufacturer is offering units with an ozone sensor that turns the ozone generator on and off with the intent 
of maintaining ozone concentrations in the space below health standards. EPA is currently evaluating the effectiveness 
and reliability of these sensors, and plans to conduct further research to improve society’s understanding of ozone 
chemistry indoors. EPA will report its findings as the results of this research become available.&$1�2=21(�%(�86('�,1�812&&83,('�63$&(6"
Ozone has been extensively used for water purification, but ozone chemistry in water is not the same as ozone chemistry 
in air. High concentrations of ozone in air, ZKHQ�SHRSOH�DUH�QRW�SUHVHQW, are sometimes used to help decontaminate an 
unoccupied space from certain chemical or biological contaminants or odors (e.g., fire restoration). However, little is 
known about the chemical by-products left behind by these processes (Dunston and Spivak, 1997). While high 
concentrations of ozone in air may sometimes be appropriate in these circumstances, FRQGLWLRQV�VKRXOG�EH�VXIILFLHQWO\�FRQWUROOHG�WR�LQVXUH�WKDW�QR�SHUVRQ�RU�SHW�EHFRPHV�H[SRVHG. Ozone can adversely affect indoor plants, and damage 
materials such as rubber, electrical wire coatings, and fabrics and art work containing susceptible dyes and pigments 
(U.S. EPA, 1996a).
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The three most common approaches to reducing indoor air pollution, in order of effectiveness, are:

• 6RXUFH�&RQWURO� Eliminate or control the sources of pollution;

• 9HQWLODWLRQ� Dilute and exhaust pollutants through outdoor air ventilation, and

• $LU�&OHDQLQJ� Remove pollutants through proven air cleaning methods.

Of the three, the first approach -- VRXUFH�FRQWURO�-- is the most effective. This involves minimizing the use of products and 
materials that cause indoor pollution, employing good hygiene practices to minimize biological contaminants (including 
the control of humidity and moisture, and occasional cleaning and disinfection of wet or moist surfaces), and using good 
housekeeping practices to control particles.

The second approach -- RXWGRRU�DLU�YHQWLODWLRQ�-- is also effective and commonly employed. Ventilation methods include 
installing an exhaust fan close to the source of contaminants, increasing outdoor air flows in mechanical ventilation 
systems, and opening windows, especially when pollutant sources are in use.

The third approach -- DLU�FOHDQLQJ -- is not generally regarded as sufficient in itself, but is sometimes used to supplement 
source control and ventilation. Air filters, electronic particle air cleaners and ionizers are often used to remove airborne 
particles, and gas adsorbing material is sometimes used to remove gaseous contaminants when source control and 
ventilation are inadequate.

See Additional Resources section below for more detailed information about these methods.&21&/86,216
:KHWKHU�LQ�LWV�SXUH�IRUP�RU�PL[HG�ZLWK�RWKHU�FKHPLFDOV��R]RQH�FDQ�EH�KDUPIXO�WR�KHDOWK. When inhaled, ozone can 
damage the lungs. Relatively low amounts of ozone can cause chest pain, coughing, shortness of breath and, throat 
irritation. It may also worsen chronic respiratory diseases such as asthma as well as compromise the ability of the body to 
fight respiratory infections.6RPH�VWXGLHV�VKRZ�WKDW�R]RQH�FRQFHQWUDWLRQV�SURGXFHG�E\�R]RQH�JHQHUDWRUV�FDQ�H[FHHG�KHDOWK�VWDQGDUGV�HYHQ�ZKHQ�RQH�IROORZV�PDQXIDFWXUHU¶V�LQVWUXFWLRQV��Many factors affect ozone concentrations including the amount of 
ozone produced by the machine(s), the size of the indoor space, the amount of material in the room with which ozone 
reacts, the outdoor ozone concentration, and the amount of ventilation. These factors make it difficult to control the ozone 
concentration in all circumstances.$YDLODEOH�VFLHQWLILF�HYLGHQFH�VKRZV�WKDW��DW�FRQFHQWUDWLRQV�WKDW�GR�QRW�H[FHHG�SXEOLF�KHDOWK�VWDQGDUGV��R]RQH�LV�JHQHUDOO\�LQHIIHFWLYH�LQ�FRQWUROOLQJ�LQGRRU�DLU�SROOXWLRQ��The concentration of ozone would have to greatly exceed 
health standards to be effective in removing most indoor air contaminants. In the process of reacting with chemicals 
indoors, ozone can produce other chemicals that themselves can be irritating and corrosive.5(&200(1'$7,21
7KH�SXEOLF�LV�DGYLVHG�WR�XVH�SURYHQ�PHWKRGV�RI�FRQWUROOLQJ�LQGRRU�DLU�SROOXWLRQ��These methods include eliminating 
or controlling pollutant sources, increasing outdoor air ventilation, and using proven methods of air cleaning.
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,QGRRU�$LU
&RQVXPHUV�8QLRQ�UHSRUW�� R]RQH
... a dangerous pollutant, not an air pollution cure-all. 

Ozone is being touted as a solution to indoor air pollution, when, in fact, it is a powerful oxidizing agent - much like 
chlorine gas. The best concentration of ozone in the air we breathe is zero, because each high-energy molecule of 
ozone can react with and destroy an organic (carbon-chain) molecule. That's us! 

This is what Consumers Union has to say on the subject:�2]RQH�FDQ�SXULI\�GULQNLQJ�ZDWHU��GLVLQIHFW�PLOGHZHG�ERDWV��DQG�GHRGRUL]H�ILUH�UDYDJHG�EXLOGLQJV��%XW�R]RQH�LV�DOVR�D�WR[LF�JDV��D�FRPSRQHQW�RI�VPRJ��ZLWK�QR�NQRZQ�EHQHILFLDO�KHDOWK�HIIHFWV��7KH�8�6��2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�$GPLQLVWUDWLRQ��26+$��OLPLWV�R]RQH�H[SRVXUH�LQ�LQGXVWULDO�VHWWLQJV�WR�����SDUWV�SHU�ELOOLRQ��SSE��RYHU�DQ�HLJKW�KRXU�GD\��VL[�GD\V�SHU�ZHHN��$W�WKDW�OHYHO��R]RQH�LUULWDWHV�WKH�H\HV��PDNHV�WKH�WKURDW�IHHO�GU\��DQG�VWUHVVHV�WKH�OXQJV��7KH�8�6��)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ��)'$��KDV�VHW�D�OLPLW�RI����SSE�IRU�WKH�R]RQH�IURP�HOHFWURQLF�DLU�FOHDQHUV��7KDW
V�D�VHQVLEOH�OLPLW�IRU�WKH�KRPH�$Q�R]RQH�JHQHUDWRU�XVHV�D�KLJK�YROWDJH�HOHFWULF�FKDUJH�WR�FRQYHUW�R[\JHQ�LQ�WKH�DLU��2���WR�R]RQH��2����D�SXQJHQW��SRZHUIXO�R[LGDQW��$W�VXIILFLHQWO\�KLJK�FRQFHQWUDWLRQV��R]RQH�DWWDFNV�DQG�GHVWUR\V�JDV�PROHFXOHV�DQG�PLFURRUJDQLVPV��2]RQH�KDV�QR�HIIHFW�RQ�GXVW�DQG�RWKHU�SDUWLFXODWHV��KRZHYHU��$QG�R]RQH�JHQHUDWRUV�VROG�IRU�KRPH�XVH�FDQ�DFWXDOO\�IRXO�WKH�DLU�*LYHQ�WKRVH�IDFWV��DQ�R]RQH�JHQHUDWLQJ�DLU�FOHDQHU�ZRXOG�VHHP�D�FRQWUDGLFWLRQ�LQ�WHUPV��7R�GDWH��&RQVXPHUV�8QLRQ�KDV�QRW�IRXQG�D�XQLW�WKDW�DOORZV�XVHUV�WR�PHDVXUH�R]RQH�RXWSXW�RU�WR�FRQWURO�R]RQH�OHYHOV�LQ�D�PHDQLQJIXO�ZD\��6RPH�SURPRWLRQDO�PDWHULDOV�VD\�\RX�FDQ�WHOO�LI�R]RQH�OHYHOV�DUH�WRR�KLJK�ZKHQ�WKH�GLVWLQFWLYH�RGRU�EHFRPHV�DSSDUHQW��%XW�UHVHDUFK�KDV�VKRZQ�WKDW�RGRU�LVQ
W�D�UHOLDEOH�\DUGVWLFN�:KHQ�&RQVXPHUV�8QLRQ�WHVWHG�R]RQH�JHQHUDWRUV�XQGHU�D�YDULHW\�RI�FRQGLWLRQV��WKH\�DOPRVW�DOZD\V�SURGXFHG�R]RQH�OHYHOV�ZHOO�DERYH�WKH�)'$
V�OLPLW�RI����SSE��$OWKRXJK�R]RQH�JHQHUDWRUV�KDYH�OLPLWHG�YDOXH�LQ�XQRFFXSLHG�VSDFHV��LW
V�KLJKO\�TXHVWLRQDEOH�ZKHWKHU�WKH\�EHORQJ�ZKHUH�SHRSOH�EUHDWKH��
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26+$�6WDQGDUGV�,QWHUSUHWDWLRQ�DQG�&RPSOLDQFH�/HWWHUV$� ������������ 2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�$GPLQLVWUDWLRQ
V��26+$��UHJXODWLRQV�IRU�R]RQH�
• 5HFRUG�7\SH� Interpretation 

• 6WDQGDUG�1XPEHU��1910.1000;1910.1200

• 6XEMHFW� Occupational Safety and Health Administration's (OSHA) regulations for ozone. 

• ,QIRUPDWLRQ�'DWH� 09/29/1994 

September 29, 1994 

[Name Withheld] 

Dear [Name Withheld]: 

This is in further response to your letter of July 26, concerning the Occupational Safety and Health Administration's (OSHA) 
regulations for ozone. Please accept our apology for the delay in this response. 

OSHA regulates employee exposure to ozone gas through its Air Contaminants Standard, 29 CFR 1910.1000 (copy enclosed). The 
permissible exposure limit (PEL) is listed in Table Z-1 as an 8-hour, time-weighted average value of 0.1 part of ozone per million 
parts of air (ppm). Rule 29 CFR 1910.1000(e) requires that administrative or engineering controls must first be identified and 
implemented whenever feasible to achieve compliance with the PEL. When such controls are not feasible to achieve compliance, 
personal protective equipment, respirators, or any other protective measures shall be used to keep the exposure of employees to 
ozone gas within the PEL. 

Another applicable OSHA standard is the Hazard Communication Standard (HCS), 29 CFR 1910.1200 (copy enclosed). The HCS 
provides workers exposed to hazardous chemicals with the "right to know" the identities and hazards of those materials, as well as 
appropriate protective measures. When workers have such information, they are able to take steps to protect themselves from 
experiencing adverse effects from chemical exposure. 

The HCS requires employers to develop and implement a written hazard communication program for their workplace if their 
employees are exposed to hazardous chemicals. Employers are also required to ensure containers are labeled with an appropriate 
hazard warning; maintain material safety data sheets (MSDSs) in the workplace and make them readily accessible to exposed 
workers; and train employees to understand the hazards, know how to protect themselves, and be able to use the available labels and 
MSDSs. The labels and MSDSs are developed by the chemical manufacturer or importer of the product and provided to 
downstream employers when they obtain the hazardous chemical for use in the workplace. 

We appreciate the opportunity to assist you. Should you require further assistance please feel free to contact OSHA's Office of 
Health Compliance Assistance at (202) 219-8036. 

Sincerely, 

John B. Miles, Jr., Director
Directorate of Compliance Programs
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26+$�6WDQGDUGV�,QWHUSUHWDWLRQ�DQG�&RPSOLDQFH�/HWWHUV%� ������������ 7KH�XVH�RI�R]RQH�JDV�IURP�R]RQH�JHQHUDWRUV�LQ�D�ODUJH�URRP��
• 5HFRUG�7\SH� Interpretation 

• 6WDQGDUG�1XPEHU��
• 6XEMHFW� The use of ozone gas from ozone generators in a large room. 

• ,QIRUPDWLRQ�'DWH� 04/03/1995 

April 3, 1995 

Mr. Exley E. Wical
1050 Forest Drive
Tavares, Florida 32778

Dear Mr. Wical: 

This letter is in response to your questioning the use of ozone gas from ozone generators in a large room where 225 to 250 senior 
citizens play bingo. While ozone is occasionally suggested as a room air additive to freshen the air, we would not recommend the 
practice unless strictly controlled. 

Ozone at concentrations above 0.05 parts per million (ppm) is associated with respiratory and other health related problems. 
Exposures to ozone above this level can result in headaches, throat and nasal dryness, bronchitis, decreased pulmonary function 
capacity, and other respiratory ailments. With a population of senior citizens, many of which may already have decreased pulmonary 
function, adding ozone may compound their problem. If ozone were to be added to the room, the levels would have to be kept well 
below 0.05 ppm to assure an adequate safety margin. 

Most indoor air problems are associated with an inadequate supply of fresh outside air. The fact that you are bringing in 25% fresh 
air through the air conditioning system should be sufficient. 

You indicated that people smoke in the room, this will of course compound any indoor air problems. The electrostatic filters will 
help, but realistically, smoking should not be allowed. By further increasing the percent of fresh air intake one will improve the air 
quality. As a quick check on the quality of the air one can look at the level of carbon dioxide. As the population inside a building 
increases the level of carbon dioxide will also increase. Ambient carbon dioxide levels generally run between 250 and 400 ppm. If 
the carbon dioxide level inside a building is above 700 ppm it is generally considered indicative of poor indoor air quality. This 
check should be done towards the end of the period when the room has been fully occupied. Increasing the fresh air intake is the 
usual recommendation if a carbon dioxide problem is found. 

I hope that this information answers your question. If you have any further questions please contact Richard Fairfax of my staff at 
(202) 219-8036. 

Sincerely yours, 

Ruth McCully, Director
Office of Health Compliance Assistance Exley E. Wical
1050 Forest Drive
Tavares, Florida 32778
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March 21, 1995 

(I am Building Chairman for)
(the Lake County Shrine Club)
(Tavares, Florida) 

Ms. Ruth McCully
OSHA Room N 3467
200 Constitution Avenue N.W.
Washington D.C. 20010

Dear Ms. McCully; 

This letter is in confirmation of my telephone conversation today with Mr. Richard Fairfax. 

I explained to him my concern about adding ozone gas, by use of ozone generators, to the air in a large room where 225 to 250 
Senior Citizens play bingo; their average age is over 65 yrs. (We do not now add ozone gas to the air in this room.) 

Please write a letter to me explaining why it is not advisable to add ozone gas to the air in our room. 

We now add 25% fresh air through air conditioning system which gives us a complete fresh air change 4 times per hour, we also 
have 7 electrostatic air filters which filter the air 10.4 times per hour. 

Any suggestions you may have to improve the quality of air in the above situation will be appreciated. Smoke is a problem. 

Sincerely, 

Exley E. Wical 
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United States Environmental Protection Agency 
Office of Air & Radiation 

Office of Air Quality Planning & Standards 

)$&7�6+((7
July 17, 1997 

HHEEAALLTTHH AANNDD EENNVVIIRROONNMMEENNTTAALL EEFFFFEECCTTSS OOFF GGRROOUUNNDD--LLEEVVEELL OOZZOONNEE

:K\�DUH�:H�&RQFHUQHG�DERXW�*URXQG�/HYHO�2]RQH"
• Ozone is the prime ingredient of smog in our cities and other areas of the country. Though it occurs naturally in the 

stratosphere to provide a protective layer high above the earth, at ground-level it is the prime ingredient of smog. 

• When inhaled, even at very low levels, ozone can: 

o cause acute respiratory problems; 

o aggravate asthma; 

o cause significant temporary decreases in lung capacity of 15 to over 20 percent in some healthy adults; 

o cause inflammation of lung tissue; 

o lead to hospital admissions and emergency room visits [10 to 20 percent of all summertime respiratory-related 
hospital visits in the northeastern U.S. are associated with ozone pollution]; and 

o impair the body's immune system defenses, making people more susceptible to respiratory illnesses, including 
bronchitis and pneumonia. 
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:KR�LV�0RVW�DW�5LVN�IURP�([SRVXUH�WR�*URXQG�/HYHO�2]RQH"
• Children are most at risk from exposure to ozone: 

o The average adult breathes 13,000 liters of air per day. Children breathe even more air per pound of body weight 
than adults. 

o Because children's respiratory systems are still developing, they are more susceptible than adults to environmental 
threats. 

o Ground-level ozone is a summertime problem. Children are outside playing and exercising during the summer 
months at summer camps, playgrounds, neighborhood parks and in backyards. 

• Asthmatics and Asthmatic Children: 

o Asthma is a growing threat to children and adults. Children make up 25 percent of the population and comprise 40 
percent of the asthma cases. 

o Fourteen Americans die every day from asthma, a rate three times greater than just 20 years ago. African-Americans 
die at a rate six times that of Caucasians. 

o For asthmatics having an attack, the pathways of the lungs become so narrow that breathing becomes akin to 
sucking a thick milk shake through a straw. 

o Ozone can aggravate asthma, causing more asthma attacks, increased use of medication, more medical treatment 
and more visits to hospital emergency clinics. 

• Healthy Adults: 

o Even moderately exercising healthy adults can experience 15 to over 20 percent reductions in lung function from 
exposure to low levels of ozone over several hours. 

o Damage to lung tissue may be caused by repeated exposures to ozone -- something like repeated sunburns of the 
lungs -- and this could result in a reduced quality of life as people age. Results of animal studies indicate that 
repeated exposure to high levels of ozone for several months or more can produce permanent structural damage in 
the lungs. 

o Among those most at risk to ozone are people who are outdoors and moderately exercising during the summer 
months. This includes construction workers and other outdoor workers. +RZ�GRHV�*URXQG�/HYHO�2]RQH�+DUP�WKH�(QYLURQPHQW"

• Ground-level ozone interferes with the ability of plants to produce and store food, so that growth, reproduction and overall 
plant health are compromised. 

• By weakening sensitive vegetation, ozone makes plants more susceptible to disease, pests, and environmental stresses. 

• Ground-level ozone has been shown to reduce agricultural yields for many economically important crops (e.g., soybeans, 
kidney beans, wheat, cotton). 

• The effects of ground-level ozone on long-lived species such as trees are believed to add up over many years so that whole 
forests or ecosystems can be affected. For example, ozone can adversely impact ecological functions such as water 
movement, mineral nutrient cycling, and habitats for various animal and plant species. 

• Ground-level ozone can kill or damage leaves so that they fall off the plants too soon or become spotted or brown. These 
effects can significantly decrease the natural beauty of an area, such as in national parks and recreation areas. 

• One of the key components of ozone, nitrogen oxides, contributes to fish kills and algae blooms in sensitive waterways, such 
as the Chesapeake Bay. 
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:KDW�,PSURYHPHQW�:RXOG�5HVXOW�IURP�(3$
V�1HZ�6WDQGDUGV"
EPA's new ozone standards will provide increased protection beyond that provided by the previous standard 
from the following effects: 

• Reduced risk of significant decreases (15% to over 20%) in children's lung functions (such as difficulty in breathing or 
shortness of breath), approximately 1 million fewer incidences each year, which can limit a healthy child's activities or result 
in increased medication use, or medical treatment, for children with asthma 

• Reduced risk of moderate to severe respiratory symptoms in children, hundreds of thousands of fewer incidences each year 
of symptoms such as aggravated coughing and difficult or painful breathing 

• Reduced risk of hospital admissions and emergency room visits for respiratory causes, thousands fewer admissions and visits 
for individuals with asthma 

• Reduced risks of more frequent childhood illnesses and more subtle effects such as repeated inflammation of the lung, 
impairment of the lung's natural defense mechanisms, increased susceptibility to respiratory infection, and irreversible 
changes in lung structure. Such risks can lead to chronic respiratory illnesses such as emphysema and chronic bronchitis later 
in life and/or premature aging of the lungs 

• Reduce the yield loss of major agricultural crops, such as soybeans and wheat, and commercial forests by almost 
$500,000,000. %DFNJURXQG��:KDW�LV�*URXQG�OHYHO�2]RQH"

• Ozone is not emitted directly into the air, but is formed by gases called nitrogen oxides (NOx) and volatile organic 
compounds (VOCs) that in the presence of heat and sunlight react to form ozone. Ground-level ozone forms readily in the 
atmosphere, usually during hot weather. 

• NOx is emitted from motor vehicles, power plants and other sources of combustion. VOCs are emitted from a variety of 
sources, including motor vehicles, chemical plants, refineries, factories, consumer and commercial products, and other 
industrial sources. 

• Changing weather patterns contribute to yearly differences in ozone concentrations from city to city. Also, ozone and the 
pollutants that cause ozone can be carried to an area from pollution sources located hundreds of miles upwind. 
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2]RQH�*HQHUDWRUV�:KDW�,V�2]RQH�$LU�3ROOXWLRQ"1\QPG�KU�C�RQVGPV�NWPI�KTTKVCPV�CPF�GZRQUWTG�VQ�GNGXCVGF�NGXGNU�KU�C�EQPVTKDWVQT�VQ�VJG�GZCEGTDCVKQP�QH�NWPI�FKUGCUG��KV�KU�GURGEKCNN[�FCPIGTQWU�HQT�RGTUQPU�YKVJ�CUVJOC�CPF�QVJGT�EJTQPKE�NWPI�FKUGCUGU��EJKNFTGP��CPF�VJG�GNFGTN[��4GUKFGPVKCN�KPFQQT�Q\QPG�KU�RTQFWEGF�FKTGEVN[�D[�Q\QPG�IGPGTCVQTU�CPF�KPFKTGEVN[�D[�KQP�IGPGTCVQTU�CPF�UQOG�QVJGT�GNGEVTQPKE�CKT�ENGCPGTU��6JGTG�KU�PQ�FKHHGTGPEG��FGURKVG�UQOG�OCPWHCEVWTGTU	�ENCKOU��DGVYGGP�QWVFQQT�Q\QPG�CPF�Q\QPG RTQFWEGF�D[�VJGUG�FGXKEGU��6JG�(GFGTCN�6TCFG�%QOOKUUKQP�
(6%��VQQM�CEVKQP�KP������CICKPUV�VYQ�OCPWHCEVWTGTU�QH�Q\QPG�IGPGTCVKPI�FGXKEGU��6JG�(6%�EJCTIGF�VJCV�VJG[�OCFG�WPUWDUVCPVKCVGF�ENCKOU�CDQWV�VJG�CDKNKV[�QH�VJGKT�RTQFWEVU�VQ�ENGCP�CKT�QH�XCTKQWU�KPFQQT�CKT�RQNNWVCPVU�CPF�VQ�RTGXGPV�QT�TGNKGXG�CNNGTIKGU��CUVJOC�CPF�QVJGT�EQPFKVKQPU��7PFGT�VJG�(6%	U�UGVVNGOGPV��VJG�OCPWHCEVWTGTU�CTG�RTQJKDKVGF�HTQO�OCMKPI�OCTMGVKPI�ENCKOU�VJCV�Q\QPG�KU�GHHGEVKXG�KP�ENGCPKPI�KPFQQT�CKT��VJCV�VJGKT�RTQFWEVU�FQ�PQV�ETGCVG JCTOHWN�D[�RTQFWEVU��CPF�VJCV�VJG[�RTGXGPV�QT�RTQXKFG�TGNKGH�HTQO�CNNGTIKGU��CUVJOC��CPF�QVJGT�URGEKHKGF�EQPFKVKQPU��WPNGUU�VJG�ENCKOU�CTG�UWRRQTVGF�D[�TGNKCDNG�CPF�CFGSWCVG�UWDUVCPVKCVKQP�
(6%���������%QPUWOGT�4GRQTVU 
�������VJG�0CVKQPCN�+PUVKVWVG�QH�1EEWRCVKQPCN�5CHGV[�CPF�*GCNVJ�
0+15*��
$QGPKIGT���������CPF�VJG�7�5��'2#�
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7�5��'2#���������#V�JKIJGT�EQPEGPVTCVKQPU��GURGEKCNN[�CDQXG������RRO��Q\QPG�KU�C�RQVGPV�KTTKVCPV�VJCV�ECP�DTKPI�CDQWV�FKOKPKUJGF�NWPI�HWPEVKQP��EQWIJ��KPHNCOOCVKQP�CUUQEKCVGF�YKVJ�DKQEJGOKECN�EJCPIGU��CPF�KPETGCUGF�TGURQPUKXGPGUU�VQ�CNNGTIGPU�
*QTUVOCP��GV�CN����������%WTTGPV�GXKFGPEG�QH�VJG�JGCNVJ�GHHGEVU�QH�Q\QPG�UWIIGUVU�VJCV�VJGTG�KU�PQ��UCHG��VJTGUJQNF�EQPEGPVTCVKQP�HQT�VJG�QPUGV�QH�JGCNVJ�TGURQPUGU�FWG�VQ�GZRQUWTG�CDQXG�DCEMITQWPF�Q\QPG�EQPEGPVTCVKQPU 
$WTPGVV��GV�CN���������7�5��'2#�%#5#%�NGVVGT���������#NUQ��UKOWNVCPGQWU�GZRQUWTG�VQ�Q\QPG�CPF�QVJGT�EQORQWPFU�OC[�RTQFWEG�CFFKVKXG�QT�U[PGTIKUVKE�GHHGEVU�
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