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EXECUTIVE SUMMARY 

 
PROJECT DESCRIPTION 

The goal of this assessment was to determine if exposures to ozone, as released from the Sleep 8 
device, could result in toxicological effects during anticipated product use.  
 
RESULTS 
Analytical test data was used to calculate indoor air ozone concentrations within a small residential 
bedroom scenario.  The potential for adverse health effects associated with the Sleep 8 device was 
evaluated by comparing the calculated indoor air ozone concentration with identified health-based 
air thresholds for ozone.  Specifically, the potential for human health effects was estimated by 
dividing the indoor air ozone concentrations by the available ozone health-based air thresholds with 
the resultant ratios reported as hazard quotients (HQs) 

Using indoor air modeling parameters based on conservative assumptions, the calculated indoor 
air ozone concentration associated with use of the Sleep 8 device was below all available 
established ozone health-based air thresholds.  It is therefore concluded that exposures to ozone, 
as released from the Sleep 8 are unlikely to result in toxicological effects within the residential 
environment.   
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Introduction 

The Sleep 8 device, the subject of this report, is a CPAP cleaning device and includes all the 
necessary items to sanitize any type of CPAP, BiPAP or even APAP device. The Sleep 8 uses 
ozone in order to sterilize CPAP accessories. Ozone is a powerful oxidant and it can react with a 
wide range of cellular components and biological materials and may affect tissues of the 
respiratory tract or lung.  For example, numerous studies indicate that exposures to ozone 
concentrations in the range 160 - 360 µg/m3 for a period of 1-8 hours reduces various pulmonary 
function parameters (EEA 2016).  
 
This report develops a conservative exposure model to quantify a consumer’s daily ozone 
exposure that could occur during intended use of the Sleep 8 product within a residential 
environment.  The risk of the ozone exposure was evaluated through a hazard quotient (HQ), 
calculated based on the ratio of the consumer ozone exposures and established health-based air 
thresholds for the substance.  Results from this exposure assessment are intended to help Sleep 
8 Inc. determine whether the Sleep 8 device, under anticipated product usage, releases ozone 
into the residential indoor air at concentrations associated with potential consumer health risks.    

Ozone Results  

The Sleep 8 was received by UL Environment on June 26th, 2019 as packaged and shipped by 
the manufacturer and tested for ozone as reported in UL Environment report 1000732596-
2389917.  Following standard risk assessment methodology, this report evaluates the potential 
risks that may be associated with exposure to ozone emitted from Sleep 8. 
 
The method in ISO/IEC 28360 was used to determine the ozone emission rate of the Sleep 8 
device. For the test, the device was placed on the chamber floor and measurements were made 
from the center of the chamber approximately 450 mm (~18 inches) above the device. Ozone 
levels were monitored prior to activating the device to establish background. The device was then 
activated for the standard one-hour cleaning cycle and monitoring continued during the active 
period and for a two-hour tailing period. The ozone emission rate measured during 3-hour testing 
of the Sleep 8 device is reported as 6.81 mg/hr with a half-life of 22.5 minutes.  
 
Estimating Indoor Air Concentrations 

The estimation of indoor air ozone concentrations associated with the Sleep 8 was conservatively 
based on the measured emission rates and the environmental conditions in a residence where the 
Sleep 8 is being used.  Specifically, indoor air concentrations within this assessment were 
estimated using a simplified steady-state mass balance model described in ASTM Standard 
Guide D5116, “Standard Guide for Small-Scale Environmental Chamber Determinations of 
Organic Emissions from Indoor Materials/Products” (ASTM, 2010).  This model is commonly used 
to estimate indoor air concentrations associated with product emissions of VOCs.  For example, 
this model is incorporated into UL 2821 “GREENGUARD Certification Program Method for 
Measuring and Evaluating Chemical Emissions From Building Materials, Finishes and 
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Furnishings” and the California Department of Public Health, “Standard Method for the Testing 
and Evaluation of Volatile Organic Chemical Emissions from Indoor Sources Using Environmental 
Chambers Version 1.2,” (CDPH, 2017).  These models use an air exchange rate (N) to account 
for removal of a compound over time.  For ozone, which is reactive, the removal rate is better 
described by the half-life for ozone (Kd) as described below. 

Indoor air concentrations are estimated as follows: 

Ca =    EFA 
V x Kd (Equation 1) 

Where: 

Ca =  Estimated indoor air concentration (mg/m3)  
EFA =  Unit specific emission rate or emission factor (mg/h-1)  
V = Volume (m³) of the bedroom 
Kd =  Removal of ozone (hr-1) by indoor surfaces  

Within this assessment, Equation 1 estimates the ozone concentration in a residential indoor 
environment based on the measured ozone emission rate (EFA) from the Sleep 8 device, the 
half-life of ozone within the indoor environment (Kd), and the volume of the indoor air the 
ozone is released into (V).   
 
Removal of ozone by indoor surfaces 

Ozone sinks, including gas-phase reactions and deposition, contribute to the reduction in 
indoor air concentrations (Salonen 2018).  For example, Jakobi and Fabian (1997) 
experimentally assessed indoor half-life times of ozone and found them to range from 3 to 
15 min, while Weschler (2000) estimated that range to be between 7 and 10 min. Therefore, 
to realistically model indoor air ozone concentrations to which a consumer may be exposed 
over extended periods of time the half-life of ozone within the indoor air environment needs to 
be considered. 
 
The removal of ozone within an indoor air environment, which is defined by a first-order rate 
constant Kd(A/V), is the product of the deposition velocity of ozone and the surface-to-
volume ratio specific to the indoor air environment (Salonen 2018). This sink term for ozone 
can be directly compared with the air exchange rate. In other words, if the surface removal 
rate constant is 3.5 h-1, the surfaces are removing ozone at a rate equivalent to an air 
exchange rate of 3.5 h-1.  Numerous studies have measured Kd(A/V) and report that the 
removal rate varies with the indoor dimensions, surface coverings and furnishings.  
Researchers have reported that rooms with fleecy surfaces such as carpeting, drapes and 
upholstered furniture tend to have larger surface removal rates for ozone than rooms without 
such appointments (Mueller 1973; Sabersky 1973).  Under anticipated use the Sleep 8 
device will most likely be used within a bedroom environment. Therefore, the surface removal 
rate (Kd) of 7.2 h-1 published for the bedroom environment has been selected for use herein 
(Mueller 1973).   
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Receiving Air Volume Within the Indoor Environment 

To ensure that this assessment is based on conservative assumptions, the room volume 
used in Equation 1 was based on a small bedroom with a length of 2.44 to 2.74 m, a width of 
3.05 to 3.66 m, and a ceiling height of 2.13 to 2.44 m, resulting in a nominal volume of about 
20 m3 (ASTM 6178).  A more realistic room dimension would be a bedroom having a length 
on the order of 3.05 m, a width of 3.66 m, and a ceiling height of 2.44 m, resulting in a 
nominal volume of 27 m3 (ASTM 6178). The exposure parameters used herein are presented 
in Table 1.  Based on the measured emission rate and these conditions the predicted 
concentration is 47 µg/m3.   
 

TABLE 1. Exposure Parameters for the Sleep 8 

Parameter Definition Value Reference 

Ea Measured ozone emission rate 6.81 mg/hr Product specific 
measurement 

Kd Removal rate of ozone 7.2 hr-1 Mueller 1973; CPSC 

V Volume of the bedroom 20 m³ ASTM D6178 

 

Risk Characterization 

The potential for adverse impacts of ozone released from the Sleep 8 was evaluated by 
comparing the calculated indoor concentration with identified health-based reference levels.  The 
potential for human health effects was estimated by dividing the ozone exposure estimate by 
available ozone health-based air thresholds (Table 2).  The resultant ratios are reported as hazard 
quotients (HQs).  A HQ value below 1 implies that the ozone does not pose significant health risk.  
The greater the value of the HQ above 1, the greater the potential concern. 

HQ =  Ozone exposure estimate  (µg/m3)
Ozone health reference level (µg/m3)

  Equation 2 

The HQ calculations based on the various published health-based thresholds for ozone are 
presented in Table 2.  

Table 2. Sleep 8 Risk Estimates Based on Ozone Health Based Air Thresholds 

Compound Reference 
Concentration (μg/m³) 

Maximum Bedroom 
Air Concentration 

(μg/m³) 
Hazard Quotient 

OSHA PEL 8-hour TWA 200 47 0.2 
NIOSH REL (ceiling) 200 47 0.2 
ACGIH TLV (Ceiling) 200 47 0.2 
OEHHA 1-hour TWA 180 47 0.3 
OEHHA 8-hour TWA 150 47 0.3 

US EPA NAAQS 8-hour TWA 150 47 0.3 
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RISK CONCLUSION 

Evaluation of the Sleep 8, following standard risk methodology, indicates that ozone produced 
during use of this product is unlikely to be associated with consumer risk.  Specifically, indoor air 
ozone concentrations estimated based on conservative modeling assumptions were below all 
available health-based air threshold concentrations for ozone emitted from the Sleep 8 (HQ scores 
of <1).  Therefore, it is concluded that exposures to ozone, as released from the Sleep 8 product, 
is unlikely to result in toxicological effects. 

Exposure parameters used within this assessment were conservative, ensuring that actual ozone 
exposures associated with the Sleep 8 device will be below levels calculated herein.  For example, 
indoor air concentrations within this assessment were based on a small bedroom air volume which 
results in an indoor air ozone concentration that is higher than would be calculated using a larger 
more realistic sized bedroom.  Furthermore, the ozone concentration estimated herein was modeled 
based on the assumption that the Sleep 8 is a constant ozone emitter.  The Sleep 8 device, 
however, will only be in operation 1-hour per day. Once the device is turned off ozone generation 
stops, and any ozone released to indoor air will begin to immediately decrease. Therefore, 
exposures to ozone concentrations associated with the operating phase of the device would only 
occur for short periods of time. In addition, this assessment assumes a consumer would remain in 
the room that the Sleep 8 is operating in for the entire duration of device operation. It is more realistic 
that a consumer would only be in the room with the device during a portion of the operating time 
and would not be exposed to maximum ozone concentrations for extended periods of time. A more 
realistic exposure assessment that considers a larger bedroom volume and a shorter duration of 
ozone exposure would result in HQ values that are lower than those calculated in this assessment. 

This report shall not be reproduced except in full.  

WHO 8-hour TWA 100 47 0.5 
US FDA 21CFR801.415 100 47 0.5 
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