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Yes.



Motivation

• Demonstrate that Americans are using ozone 
generating air cleaners

• Characterize the amount of ozone that these 
devices emit

• Question the 50 ppb standard 
• Eviscerate the UL methodology for ozone 

emission



Caveats/Comments

• Not talking about intentional ozone generators
• Terrible idea, no sound scientific basis, etc.

• Not an unbiased observer
• Entangled in ugly lawsuit

• Disconnect between scientific opinion and perception
• Questionable papers passing peer review
• Scientists not being adequately challenged
• Public is misinformed

• HVAC/air cleaner manufacturers staking claims



How many ozone-emitting air cleaners 
are in use?

• N = 2091, 14% have air cleaners
• 70% (10% of total) emit ozone

• 14% intentional, 86% unintentional 



Ozone Emission Methodology

• Ozone emission rate, EO3 [mg/h]
• Well‐mixed 14.75 m3 chamber 
• Cout = 0 ppb 

• Positively pressurized (0.5 Pa)
• Inlet air through 

activated carbon
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C = Indoor ozone conc. [mg/m3]
C0 = Initial indoor conc. [#/m3]
t = Time [h]
λ = Air exchange rate [1/h]
β = Deposition loss rate [1/h]
V = Chamber volume [m3]
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Ozone Emission Results
Phillips et al. 

(1999)
Niu et al. 

(2001a, 2001b)
Tung et al. 

(2005)
Yu et al. 

(2005)
Britigan et al. 

(2006) This study
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Where does 50 ppb come from?



More Recent Health Literature
• Bell et al. (2004) JAMA

• Significant health effects when outdoor ozone increases by 
10 ppb

• Bell et al. (2006) EHP
• Significant health effects for any increase in ozone (even 

less than 10 ppb)
• Gent et al. (2003) JAMA

• 50 ppb is insufficient to protect children with asthma
• Triche et al. (2006) EHP

• Infants are affected far below EPA standards



Equiv. Outdoor O3 Conc. Increase
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10 ppb increase in the previous week’s 
ambient ozone concentration was 
associated with a 0.52% increase in daily 
mortality (Bell et al. 2004 JAMA)

Dashed lines: 50 m3

Solid lines: 377 m3
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10 ppb increase in the previous week’s 
ambient ozone concentration was 
associated with a 0.52% increase in daily 
mortality (Bell et al. 2004 JAMA) 



It Is Not Just Ozone

• 25-60% ozone inhalation is indoors
• Ozone reaction byproducts are 30-200% of 

ozone intake

Atmos. Environ. 2004 38 5715-5716

EHP 2006 114 1489-1496



The current standard….UL 867

37 Ozone Test
• 37.1 A portable product for household use 

shall not produce a concentration of ozone 
exceeding 0.05 parts per million by volume 
when tested as described in 37.2 – 37.7.



February 11, 2007 
Your Home 

How to Select an Air Cleaner  
By JAY ROMANO 

Julie Vallese, the director of information and 
public affairs for the Consumer Product Safety 
Commission, said that while her organization 
did not recommend one type of machine over 
another — and did not take a position for or 
against using an air purifier in the home — it 
had conducted a study on the health effects of 
ozone-generating devices. 

“We found that keeping ozone accumulation 
below 50 parts per billion is sufficient to protect 
human health,” she said. 



Gaming UL 867
37 Ozone Test
• 37.1 A portable product for household use shall not produce a concentration of ozone 

exceeding 0.05 parts per million by volume when tested as described in 37.2 – 37.7.
• 37.2 The test is to be conducted in a room having a volume of 950 – 1100 cubic feet (26.9 –

31.1 m3) with a minimum side dimension of 8 feet (2.4 m) and a maximum height dimension 
of 10 feet (3.0 m) without openings. The test room walls and ceiling are to be covered with a 
sheet of polyethylene or aluminum. The floor is to be of a nonporous material such as vinyl 
tile or aluminum.

• 37.3 During the test, the test room is to be maintained at a temperature of 25 ±2°C (77 ±4°F) 
and a relative humidity of 50 ±5 percent. Prior to the start of and immediately after this test, 
the ozone background level is to be measured with the product off. The background level 
average shall be calculated and subtracted from the maximum measurement during the test.

• 37.4 The product is to be located in the center of the test room floor and about 30 inches (762 
mm) above the floor for a table-mounted product.

• 37.5 The ozone monitor sampling tube is to be located 2 inches (50 mm) from the air outlet of 
the product and is to point directly into the air stream.

• 37.6 The emission of ozone is to be monitored for 24 hours to determine the concentration.
• 37.7 If the filter cell can be energized with any of its fans not functioning or with particle 

filters removed, the test described in 37.1 – 37.6 is to be repeated with the various 
components not operating or with particle filters removed.



UL 867
• My pledge to air cleaner manufacturers…
• Send me your air cleaner and I can make it meet the 

UL standard
• Volume of chamber (~20%)
• Surface materials and cleanliness (~50%)
• High air exchange (anything you want)
• Controlled mixing/airflow (anything you want)
• Presence of ozone sinks (anything you want)
• Inadequate assessment of control technology

• Proof of concept – dedicate ozone generator (31.1 
mg/hr) < 10 ppb ozone in chamber



Another Ozone Emission Test

• Measure ozone at inlet and outlet
• Typically used for ducted systems, but can also 

be used for portable devices
TRANE CleanEffects also generates a minimal amount of ozone, less than 
5 PPB (parts per billion), well below the 10 PPB FDA voluntary emission 
limit for medical devices and significantly below some ionic-type room 
appliances that may reach hundreds of PPBs. 

• 2000 CFM × 1 ppb rise ≈ 2.4 mg/hr
• Does not account for ozone reaction products
• Instrument detection limit/sensitivity issues



Best Practice For Ozone Emission 
Tests

• Well-mixed, passivated chamber
• Filtered air supply
• Positive pressure in chamber
• Two tests measuring ozone emissions

• First, with ozone emitter on
• Second, with ozone off to get deposition loss to 

surfaces
• Calculate emission rate



AND……..

• Model parameters for real buildings
• Corsi did this (CPSC public comments)

• Typical individual/environment (Base Case)
• Compromised individual/environment (Worst Case)

Base-Case Worst-Case
E (mg/hr) Limiting E (mg/hr) Limiting

Home (whole house) 17.5 ozone 0.45 SOA
Office 1.3 ozone 0.041 SOA
School 9.9 ozone 0.13 SOA



Where does this leave us?

• Public is using ozone-generating devices
• Support for their use
• Inadequate consumer protection

• Many “unintentional” ozone emitters are 
problematic

• 50 ppb standard is inadequate (as is any 
concentration-based standard)

• Ozone emission test needs remedy
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Issue with test

• What happens when manufacturers include a 
control technology
• Activated carbon (Friedrich ESP)
• Ozone catalyst (Sharper Image Ionic Breeze)

• Messes up the test considerably
• Not sure that I know the answer
• Do decay period with and without control device
• Use w/o loss rate for calculations
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