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ABSTRACT

Filtration and air cleaning are used to improve indoor air quality and occasionally to enable
a reduction in rates of outdoor air ventilation. This Position Document addresses the health
consequences of filtration and air cleaning. Data from refereed archival literature are used to
form summary statements on performance as well as the positions with respect to specific tech-
nologies. One key statement is that, at present, there is only significant evidence of health bene-
fits for porous media particle filtration systems. For a few other technologies, there is evidence
to suggest health benefits, but this evidence is not sufficient to formulate firm conclusions. A key
position is that filtration and air-cleaning technologies are not recommended for use if they
produce significant amounts of contaminants that are known or expected to be harmful for
health. Finally, it is stated that there are limited data documenting the effectiveness of gas-phase
air cleaning as an alternative to ventilation. ASHRAE should continue supporting research and
standardization of contemporary filtration and air-cleaning technologies and should focus on
performance testing, maintenance procedures, and development of new innovative technolo-
gies.
ASHRAE Position Document on Filtration and Air Cleaning 1
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EXECUTIVE SUMMARY

ASHRAE needs to address heating-, ventilation-, and air-conditioning- (HVAC) related tech-
nologies that change exposures to airborne contaminants harmful for humans. As part of
ASHRAE's mission, it is imperative to assess the effectiveness of HVAC technologies in reduc-
ing exposures so that the risks for harmful effects on health and comfort are minimized and to
establish and promote the Society’s positions that will guide ASHRAE membership and the
public in technology selection and use. This need applies to filtration and air-cleaning technol-
ogies because they traditionally are part of the HVAC system, their use is included and/or
required in many guidelines and ventilation standards published by ASHRAE, and they are
addressed by technical committees within ASHRAE. Evaluation and guidance are also needed
because of the increasing number and variety of filtration and air-cleaning alternatives available
on the market and because filtration and air cleaning are considered attractive alternatives to
outdoor air ventilation by providing exposure control with less energy use.

Various filtration and air-cleaning technologies are available, depending on the type of
contaminants removed and the principle of contaminant removal. This Position Document
briefly characterizes these technologies and their applications. The focus is to summarize and
examine the existing archival literature describing the direct effects of application of these tech-
nologies in public and residential buildings (excluding health-care facilities) on the health of
building occupants. Based on the accumulated information, statements on the effectiveness
and use of different technologies are proposed and are briefly summarized as follows:

• Mechanical filters have been shown to reduce significantly indoor concentrations of air-
borne particles. Modest empirical evidence shows that their use will have positive effects
on health.

• Electronic filters have been shown to range from being relatively ineffective to very effec-
tive at removing indoor airborne particles. Studies of ionizers have shown results ranging
from no benefit to some benefit for acute health symptoms.

• There are some sorbent air cleaners that have been shown to substantially reduce the
concentrations of gaseous contaminants. There are minimal empirical data that indicate
the effects of sorbent air cleaners on health.

• Photocatalytic oxidation technologies have been shown to remove harmful contaminants,
to be ineffective in removing contaminants, and/or to generate harmful contaminants dur-
ing the air-cleaning process. There are no data on how their use affects health.

• Ultraviolet germicidal energy (UV-C) has been shown to inactivate viruses, bacteria, and
fungi. A few studies have shown that air-cleaning technologies using UV-C disinfection
(also termed ultraviolet germicidal irradiation [UVGI]) produce beneficial health effects.
There are also studies that have failed to detect health benefits.

• Many types of packaged stand-alone air cleaners using combinations of air-cleaning tech-
nologies are available. Scientific data addressing the effects of these air cleaners on
health are sparse and inconclusive.

• Negative health effects arise from exposure to ozone and its reaction products. Conse-
quently, devices that use the reactivity of ozone for cleaning the air should not be used in
occupied spaces. Extreme caution is warranted when using devices in which ozone is not
used for the purpose of air cleaning but is emitted unintentionally during the air-cleaning
process as a by-product of their operation.
ASHRAE Position Document on Filtration and Air Cleaning 2
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• There has been much research done on ventilation providing the solution to contamination
by dilution, while the body of research on using air cleaning as an effective, energy-saving
alternative to ventilation has not been equally large, especially as regards gas-phase air
cleaning. Still it should be noted that the information on the effective use of air cleaning as
an alternative to ventilation is growing. Limited data exist documenting the effectiveness of
air cleaning as an alternative to ventilation. This applies in particular to gas-phase air clean-
ing. All filtration and air-cleaning technologies should be accompanied by data documenting
their performance in removal of contaminants. These data should be based on established
industry test standards or third-party evaluations.

The Position Document advocates that ASHRAE lead efforts in research and standardiza-
tion of filtration and air cleaning. First priority should be given to advancing methods for testing
performance of filtration and air-cleaning technologies, in particular the emerging technologies.
Second priority should be given to maintenance procedures of filtration and air-cleaning tech-
nologies.
ASHRAE Position Document on Filtration and Air Cleaning 3
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1. THE ISSUE

1.1 Justification of Need

Air in buildings contains various classes of contaminants: particulate matter (some biolog-
ical in origin), gases, and vapors. Sources for many of these contaminants may be located either
indoors (building components, occupants, and occupant activities), outdoors, or both indoors
and outdoors. Filtration and air-cleaning technologies are used to reduce exposures to these
contaminants in buildings by intentionally removing them from the air. The contaminants are
either physically removed or participate in chemical reactions (i.e., are transformed with the
intent of producing innocuous compounds). Different filtration and air-cleaning technologies are
in use, depending on the class of contaminants that needs to be removed.

Filtration and air cleaning are methods for reducing exposures to contaminants indoors and
thus improving indoor air quality. These methods may create viable alternatives and/or supple-
ments to other methods for exposure reduction by supporting dilution via outdoor air ventilation
by ensuring that the outdoor and/or recirculated air supplied indoors by HVAC systems is less
contaminates and by improving ventilation efficacy by removing contaminants that have an
indoor origin. Because these methods reduce concentrations, and thus, exposures to contam-
inants, many conclude that their application allows reducing outdoor airflow levels for ventila-
tion; this belief is especially valid when outdoor air is heavily contaminated or is burdened with
high humidity and thermal loads and when these technologies can remove contaminants at a
lower cost than through ventilation alone.

Abundant published data show the effectiveness of different filtration and air-cleaning tech-
nologies in removing contaminants from indoors and outdoors. However, few studies document
the direct effects of these technologies on health and their long-term performance, as well as
their potential limitations and shortcomings. A recent comprehensive review (Zhang et al.,
2011) reaffirms these observations.

1.2 Purpose and Scope

This document informs ASHRAE membership and the public about the positive, benign, or
negative effects of filtration and air-cleaning technologies on health. Health effects, in the
context of this position document, are understood as the effects on biomarkers, quality of life,
physiological impact, symptoms, clinical outcomes, or mortality (American Thoracic Society
2000).

The document briefly characterizes the major categories of filtration and air-cleaning tech-
nologies, and their applications for removing contaminants from outdoor air brought into build-
ings and/or indoor air. The air-cleaning effects of plants and new air-cleaning technologies, for
which there is very limited scientific and technical literature, are not considered.

The archival studies are reviewed to examine measurable health effects associated with the
application of various filtration and air-cleaning technologies in public and residential buildings
(excluding health-care facilities) and the extent to which cleaning and filtration technologies can
offset ventilation with outdoor air for acceptable indoor air quality.

This document also describes the role and health implications of optimal use of air cleaners
and the maintenance and replacement of air-cleaning media. The health issues related to
disposal of filters and the elements of air cleaners are not considered.
ASHRAE Position Document on Filtration and Air Cleaning 4
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Packaged stand-alone air cleaners using one or multiple technologies and air-cleaning and
filtration systems integrated in the ventilation systems are considered as well as technologies
available to and used by commercial or residential consumers.

2. BACKGROUND

2.1 Mechanical and Electronic Air Filters

2.1.1 Principles of Efficiency and Use. Mechanical filters use media with porous structures
that contain fibers or stretched membrane material in a variety of fiber sizes, densities, and
media extension configurations to remove particles from airstreams. A portion of the particles
in the air entering a filter attaches to the media and is removed from the air as it passes through
the filter. Removal occurs primarily through particle impaction, interception, and Brownian
motion/diffusion, depending on particle size. Some filters have a static electrical charge applied
to the media to increase particle removal.

Electronic filters include a wide variety of electrically connected air-cleaning devices that
are designed to remove particles from airstreams. Removal typically occurs by electrically
charging the particles using corona wires or through generation of ions (e.g., using pin ioniz-
ers) and by collecting the particles on oppositely charged deposition plates (precipitators)
or by the particles’ enhanced removal to a conventional media filter or to room surfaces.

The fraction of particles removed from air passing through the filter is termed particle
removal efficiency or simply filter efficiency or single-pass filter efficiency (e.g., provided by
the minimum efficiency reporting value [MERV]). For electronic filters that are portable and
self-contained, the rate of particle removal from air passing through the filter is expressed
as clean air delivery rate (CADR), which is approximately equal to the product of airflow rate
and the contaminant removal efficiency. For most technologies, the lowest particle removal
efficiency typically occurs for particles with an aerodynamic diameter of approximately 0.2
or 0.3 µm; the removal efficiency increases above and below this particle size. The effi-
ciency of mechanical and electronic air filters varies with filter design and particle size. The
efficiency of electronic air cleaners also depends on how they are maintained.

The overall effectiveness of reducing indoor particle concentrations depends on several
factors that are either related or independent of a filtration system such as the following:
single-pass particle removal efficiency of the filter, the rate of airflow through the filter, loca-
tion of the filter, and size of the particles. The latter include outdoor air ventilation rate, rate
of deposition to surfaces, and total volume of the indoor space and related air change rate,
particularly important for stand-alone (portable) air cleaners (see Section 2.5). Recircula-
tion of indoor air through filters and refiltering blended outdoor air with return air are partic-
ularly effective for maximizing filter system effectiveness. Filtering the incoming outdoor air
before this air enters the occupied space is effective in reducing indoor air concentrations
of outdoor air particles, especially in airtight buildings.

ANSI/ASHRAE Standard 52.2, Method of Testing General Ventilation Air-Cleaning
Devices for Removal Efficiency by Particle Size (2012a), provides a method of measuring
the particle removal efficiency of particle filters for particles that range in size from 0.3 to
10 µm and provides a scale for ranking filters, based on their particle removal efficiencies,
called MERV; similar test methods and ranking scales are also available from other orga-
nizations. Indoor Air Quality Guide: Best Practices for Design, Construction, and Commis-
ASHRAE Position Document on Filtration and Air Cleaning 5
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sioning (2009a) and Chapter 29 in the 2012 ASHRAE Handbook—HVAC Systems and
Equipment (2012b) and provide additional information on particle filtration technologies and
test methods.

2.1.2 Evidence on Health Effects. An extensive body of epidemiological research indicates
that death rates, hospital admissions, and asthma exacerbations, as well as other adverse
health effects increase with increased concentrations of particles in outdoor air (e.g.,
Brunekreef and Forsberg 2005; Delfino et al. 2005; Pope and Dockery 2006). Because much
of a person’s exposure to outdoor air particles occurs indoors and because this exposure can
be reduced by filtration, it is reasonable to expect associated health benefits from particle filtra-
tion that is effective in removing particles having outdoor origin.

Published relationships between outdoor air particle concentrations and adverse health
effects have been used in models to predict the related health benefits of particle filtration. The
resulting papers, reviewed by Fisk (2013), indicate substantial health benefits associated with
filtration, with benefits generally proportional to the reduction in total exposure to particles less
than 2.5 µm in diameter. The models considered numerous health or health-related outcomes,
including mortality, cardiac or respiratory-related emergency room visits or hospital admissions,
chronic bronchitis, and asthma exacerbation. Because most of these health outcomes occur in
a small portion of the population, very large empirical studies would thus be needed to confirm
these predictions, and such studies have not been performed. Two studies found statistically
significant improvements with filtration in biomarkers that predict future adverse coronary
events (as cited in Fisk 2013), providing some empirical support for the model predictions of
health benefits.

Many studies have experimentally investigated whether the use of particle filtration systems
in homes reduces self-reported symptoms of allergies or asthma or improves related objectively
measured health outcomes such as forced expiratory volume or biomarkers of inflammation in
people who are allergic or asthmatic. Most of these studies used stand-alone (portable) fan filter
systems incorporating high-efficiency particle air (HEPA) filters that can remove particles with
a minimum efficiency of 99.97% for 0.3 µm particles. A few studies investigated whether use
of particle filtration systems in offices or schools reduce nonspecific self-reported health symp-
toms, often called sick-building syndrome (SBS) symptoms, in the general population. The
origin of the particles removed was not identified. Most of these studies report reduced indoor
air particle concentrations of 20% to 80%, and 50% a typical reported value. Nearly all of the
studies used mechanical filters. A recent review on the effects of air filtration (Fisk 2013) consid-
ered the recently published literature and the results of prior reviews (IOM 2000; Reisman 2001;
McDonald et al. 2002; Wood 2002; Sublett et al. 2010; Sublett 2011). It concluded that particle
filtration could be modestly effective in reducing adverse allergy and asthma outcomes, partic-
ularly in homes with pets. It also concluded that particle filtration systems that deliver filtered
air to the breathing zone of sleeping allergic or asthmatic persons might be more consistently
effective in improving health than use of room or whole-house filtration systems. The review
additionally concluded that the limited available evidence suggests that particle filtration in
buildings (homes, offices and schools) is not very effective in reducing acute health symptoms
(SBS symptoms) in persons without asthma and allergies.

Several communicable respiratory diseases are transmitted, in part, by inhalation of small
airborne particles containing infectious virus or bacteria produced during coughing, sneezing,
singing, and talking. The portion of total disease transmission that occurs via this mechanism
ASHRAE Position Document on Filtration and Air Cleaning 6
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is uncertain and debatable. Particle filtration systems can reduce indoor airborne concentra-
tions of these particles by removing them from the airstream but not by inactivating infectious
species. Filtration may thereby reduce the incidence of the associated communicable respira-
tory diseases, provided the airstream transports the particles to the filtration system.The results
of modeling suggest that having filters in HVAC systems, relative to having no filters, will
substantially decrease the portion of disease transmission caused by these small particles
(Azimi and Stephens 2013). However, the model assumptions and inputs have a high level of
uncertainty. In addition, experimental data outside of health-care facilities are not available to
confirm the predictions; there are no strong studies empirically documenting that filtration
reduces respiratory infections in people outside of a health-care environment with highly
susceptible patients.

The data on the health consequences of electronic particle air cleaners are sparse, but it is
reasonable to expect that electronic air cleaners affect health similarly to mechanical filters of
equivalent particle removal performance.There are electronic air cleaners (e.g., ion generators)
that produce ozone and thus may cause deleterious health effects, as described in Section 2.6,
Ozone-Generating Devices. One class of particle air cleaners, ion generators, has been inves-
tigated for its ability to reduce acute health symptoms (SBS symptoms), but the literature is
unclear as regards the presence and size of effects on symptoms. Of the eight studies on the
subject, there are an approximately equivalent number of findings of a positive effect and of no
significant effect (or a negative effect) on one or more SBS symptoms (Hawkins and Barker
1978; Fishman 1981; Laws 1982; Hawkins and Morris 1984; Wyon 1992; Shaughnessy et al.
1994; Rosen and Richardson 1999; Richardson et al. 2001). Variations in sample size, pres-
ence or lack of a placebo, and presence of a control group make it difficult to form conclusions
that are more definitive.

2.2 Sorbent Air Cleaners

2.2.1 Principles Efficiency, and Use. Sorbent air cleaners involve physical adsorption (physi-
sorption) and chemisorption to remove gaseous contaminants from airstreams. Physisorption
is adsorption of gaseous contaminants onto solid porous materials due to Van der Waals forces
(nuclear attraction) and condensation in the small pores.This is a reversible process due to rela-
tively weak forces: gases once adsorbed can later desorb back into the airstream. The most
common adsorbent used is activated carbon; others include activated aluminas (aluminum
oxides), natural and synthetic zeolites in granular form, oxides of silicon, molecular sieves, and
various polymers. Chemisorption involves both adsorption and instantaneous irreversible
chemical reactions on the sorbent surface to which specific chemical additives or impregnates
are added during the manufacturing process to make them more or less specific for individual
contaminants or contaminant types (e.g., acid gases). Common adsorbents include activated
alumina impregnated with potassium or sodium permanganate and activated carbons impreg-
nated with acidic or basic compounds. Desorption of target contaminants, once adsorbed and
chemically reacted, does not occur.

An air-cleaning system using a single gas-phase (or dry-scrubbing) air-filtration medium
may not be adequate for the control of multiple contaminants (Muller and England 1994, 1995).
Thus, it is common to have a system that uses a combination of both physical and chemisorptive
media to provide removal of a wide range of gaseous contaminants.

Adsorbent materials do not adsorb all contaminants equally. The adsorption capacity for
nonpolar organics increases with the boiling point, molecular weight, and concentration of the
ASHRAE Position Document on Filtration and Air Cleaning 7
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air contaminant. Low molecular weight (less than 50 u [previously termed amu]) and/or highly
polar compounds such as formaldehyde, methane, ethanol, etc., will not be readily adsorbed
at low concentrations. Compounds with molecular weight >80 u and nonpolar compounds may
be preferentially adsorbed over lower molecular weight and polar compounds. In physical
adsorption, polar gas molecules are best removed by polar adsorbents, while nonpolar adsor-
bents are best for removing nonpolar gases (e.g., activated carbon has a nonpolar surface). The
initially adsorbed compounds with lower molecular weight and nonpolar compounds may also
be desorbed when a higher molecular weight and polar compounds are present through compet-
itive adsorption. A sufficient depth of sorbent bed may re-adsorb some displaced molecules.

Adsorbent-based systems can remove a broad range of contaminants with moderate to high
efficiency.The net rate of adsorption depends on the rate at which contaminant molecules reach
the surface of the media, the percentage of those making contact, which are adsorbed, and the
rate of desorption.

Some evidence is available on the long-term performance of sorbents in commercial build-
ings in studies that have examined the performance and effectiveness of air-cleaning systems
that have been in continuous use for up to 30 years (Bayer et al. 2009; Lamping and Muller 2009;
Burroughs et al. 2013). Relatively accurate estimates of sorbent lifetimes can be obtained when
target contaminants are identified and by using their known or expected concentrations in air
and the individual removal capacities for each (Muller 2012). Actual sorbent life may be deter-
mined by taking periodic samples for life testing or through direct contaminant monitoring. More
often, though, sorbents are replaced based on routine maintenance cycles or fiscal consider-
ations. Although there exist physisorbents that may be regenerated, this is not economically
viable for the amounts typically contained in commercial HVAC systems and portable air clean-
ers; thus, they need to be periodically replaced.

Other details regarding removal of gaseous air contaminants can be found in ASHRAE
Handbook—HVAC Applications, Chapter 45, Control of Gaseous Indoor Air Contaminants
(2011) and in ASHRAE Handbook—Fundamentals, Chapter 11, Air Contaminants (2013a).

2.2.2 Evidence on Health Effects. At present, almost no empirical data are available to enable
drawing conclusions about the health benefits of using sorbents in typical buildings, other than
anecdotal data describing ancillary benefits of air cleaning on elementary school studies and
human embryos (Cohen et al. 1997; Hall et al. 1998; Lamping et al. 2009).

There are, on the other hand, data from laboratory studies that investigated the effects of
sorbent air cleaning on initial perceptions of air quality immediately upon entering a laboratory
or upon smelling air drawn from a test system (i.e., on perceptions of unadapted individuals,
such as visitors to a space, and not on perceptions of adapted persons, such as occupants stay-
ing for an extended time in a space) (e.g., Shaughnessy et al. 1994; Fang et al. 2008; Bekö et
al. 2008, 2009). These studies showed significantly improved ratings of acceptability or satis-
faction with air quality and odor intensities with sorbents. Although perception of air quality
comfort is not a health outcome, it may be considered an indicator of a potential subsequent
effects of exposures on health.

2.3 Air Cleaners Using Photocatalytic Oxidation

2.3.1 Principles Efficiency and Use. Photocatalytic oxidation (PCO) is defined as a light-
mediated, redox reaction of gases and biological particles adsorbed on the surface of a solid
pure or doped metal oxide semiconductor material or photocatalyst. The most common
ASHRAE Position Document on Filtration and Air Cleaning 8
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photocatalyst is TiO2 (titanium dioxide), while zinc oxide (ZnO), tungsten trioxide (WO3),
zirconium dioxide (ZrO2),cadmium sulfide (CdS), and iron (III) (Fe(III)-doped TiO2), among
others, are also used. Dopants (e.g., iron [Fe], platinum [Pt], silver [Ag]) can have a beneficial
effect on the performance of the metal oxide photocatalyst. The photocatalyst generates
oxygen species (or reactive oxygen species [ROS]) that remain surface-bound when exposed
to light of particular wavelengths in the ultraviolet (UV) range. The oxygen species are highly
reactive with adsorbed gases and biological particles. A variety of UV light sources can be used
in PCO, including black lights (UV-A: long-wave; 400 to 315 nm), germicidal lamps (UV-C:
short-wave; 280 to 200 nm), and lamps that generate ozone (vacuum UV [UV-V]: under 200 nm).
Under reaction conditions allowing for deep oxidation (referred to as mineralization), carbon,
hydrogen, and oxygen atoms in the reacting species are converted completely via chemical reac-
tion to water vapor and carbon dioxide. In case the conditions do not promote deep oxidation, for
example, due to insufficient residence time because of increased airflow through reactor or the
presence of halogenated compounds, PCO can produce intermediate species (by-products) that
remain bound to the surface of the photocatalyst or desorb and become airborne.

Nearly all organic, gaseous indoor air contaminants and microbes are subject to PCO decom-
position (e.g., Zhang et al. 2011; Dalrymple et al. 2010). The efficiency of catalytic oxidizers
depends partially on the functional group of contaminants passing through the PCO device. Higher
efficiency is observed for oxygenated compounds such as alcohols, ketones, and some aldehydes;
intermediate efficiency for aromatics; and lower efficiencies for chlorocarbons. The PCO conver-
sion rates (or fraction of contaminant removed in a single pass) vary depending on the contaminant
and the system design from 0% to nearly 100%, with longer residence times needed to achieve
higher (single-pass) efficiencies. Efficiencies of PCO air cleaners and by-products formed by them
depend on the design of the device, the indoor air setting (e.g., contaminant composition, relative
humidity, temperature) in which they are used, and how the device is maintained.

A systematic parametric evaluation of several performance variables was reported for two
styles of PCO air filters: TiO2 coated on fiberglass fibers (TiO2/FGFs) and TiO2 coated on
carbon cloth fibers (TiO2/CCFs) (Zhong et al. 2013). The contaminant destruction rates varied
with contaminant class and type of UV source, while formation of by-products correlated with
PCO reaction mechanisms for each VOC.

The advantages of PCO are the relatively low pressure drop, ability to treat a wide variety
of compounds, and theoretically long life cycle of the reactive process (the self-cleaning or
regenerating feature of a photocatalyst). The disadvantages include the lamp energy, lamp
replacement costs, and the likelihood of ozone generation depending on lamp source em-
ployed (e.g. UV-V lamps ~185 nm produces ozone (O3). (It has been shown by Ohtani et al.
[1992] that irradiation greater than 200 nm and less than 400 nm, in particular UV-C (254 nm),
over TiO2 will decompose O3. There is also the potential of an incomplete oxidizing process,
which produces by-products of reaction that can be more toxic or harmful than the original
constituents (e.g., formaldehyde). The catalysts can be contaminated (poisoned) by airborne
reagents and/or products of oxidation, which results in reduced or total efficiency failure of the
process. Incomplete decomposition of some organic contaminants and net production of form-
aldehyde, acetaldehyde, formic acid, and acetic acid were shown by Hodgson et al. (2007), who
investigated PCO using mixtures of up to 27 organic contaminants in concentrations reflecting
the levels typically occurring indoors. Chemisorbent media positioned downstream of a UVPCO
air cleaner effectively counteracted the generation of aldehydes due to incomplete oxidation of
volatile organic compounds (VOCs) in UVPCO reactors (Hodgson et al. 2007).
ASHRAE Position Document on Filtration and Air Cleaning 9



© 2015 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or
transmission in either print or digital form is not permitted without ASHRAE's prior written permission.
Other details about PCO can be found in reviews (e.g., Mo et al. 2009) as well as ASHRAE
RP-1134 (Tompkins et al. 2005).

2.3.2 Evidence on Health Effects. No studies are available with respect to the direct health effects
associated with the use of PCO air-cleaning equipment in indoor environments. Some studies
looked at the effects of PCO on perceived air quality, which, as mentioned above, may be considered
as an indicator of potential subsequent effects of exposures on health. These studies found signi-
icant reductions in the percentages of persons dissatisfied with air quality in rooms contaminated
by nonhuman sources of contamination during operation of PCO (Kolarik and Wargocki 2010;
Kolarik et al. 2010). However, when the air was contaminated by human bioeffluents, the percent-
ages of persons dissatisfied with air quality significantly increased, suggesting that the air quality
was considerably worsened (Kolarik and Wargocki 2010). It was suggested that the alcohols that
are a major part of human bioeffluents and their incomplete oxidation are responsible for the
observed results.

2.4 Air Cleaners Using Ultraviolet Germicidal Energy (UV-C)

2.4.1 Principles of Efficiency and Use. Ultraviolet (UV-C) disinfection (also called ultraviolet
germicidal irradiation [UVGI]) is used to degrade organic material and inactivate microorgan-
isms.The system is not a filter; thus, inactive particles remain in the airstream, which, in the case
of dead fungal spores, may still cause a negative human response to their integral mycotoxins.
The most effective wavelength range for inactivation of microorganisms is between 220 and
300 nm, with peak effectiveness near 265 nm. The typical source of UV-C in commercial and
residential air and water systems is low-pressure mercury vapor lamps, which emit mainly near-
optimal 253.7 nm. UV-C systems may be installed inside HVAC systems, irradiate air near the
ceiling, or be incorporated in a stand-alone (portable) air cleaner.

The effectiveness of a UV-C system to inactivate microorganisms in the air and/or on
surfaces has been amply demonstrated; the best results were obtained for the long-term irra-
diation of downstream coil surfaces to avoid fungal amplification on wet surfaces. Experience
suggests that control of a moving airstream does not provide favorable killing rates because of
the short dwell time. Under ideal conditions, inactivation and/or killing rates of 90% or higher
can be achieved but depend on the following: the type of microbial contaminant; specific
species; physical or mechanical factors such as UV-C intensity, exposure/dwell time, lamp
distance and placement, and lamp life cycle and cleanliness; air movement and patterns;
temperature; relative humidity; and air mixing. Airborne removal is best applied in conjunction
with filtration of particles with prefiltration in order to protect lamps and mechanical filtration
downstream for microbial particles.

Proposed ASHRAE Standard 185.1 provides a method for testing UV-C lights for use in air-
handling units or air ducts to inactivate airborne microorganisms, and ASHRAE Standard
185.2-2014 provides a method of testing ultraviolet lamps for use in HVAC units or air ducts to
inactivate microorganisms on irradiated surfaces.

Chapter 17 in the 2012 ASHRAE Handbook—HVAC Systems and Equipment (2012b)
provides additional information on ultraviolet lamp systems.

2.4.2 Evidence on Health Effects. Several studies have addressed the application of UV-C
systems in health-care facilities. Some of these studies show health benefits for highly suscep-
tible patients (Miller et al. 2002; CDC/NIOSH 2009; Memarzadeh et al. 2010). However, there
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is limited evidence on the direct effects of UV-C on health, particularly when applied outside of
health-care settings. Menzies et al. (2003) showed a significant reduction in work-related, self-
reported acute health symptoms (SBS symptoms) when the UV-C system in ventilation ducts
was irradiating cooling coils and drain pans, compared to when it was powered off. Bernstein
et al. (2006) irradiated particles (not the cooling coils or drain pans) using UV-C systems in air
moving through the ventilation ducts of homes of mold-sensitized, allergic children. Operation
of UV-C, relative to a placebo system containing a blue light produced significant alleviation of
several asthma outcomes. Upper-room air UV-C systems applied in studies in schools, military
barracks, and homeless shelters provide inconsistent effects on tuberculosis, measles, influ-
enza, and common colds (Kowalski 2009).

Fungal contamination found in ventilation systems may contribute to fungal infections in indi-
viduals with compromised immune systems, may release contaminants to occupied spaces
(Ahearn et al. 1997; Ezeonu et al. 1994; Levetin et al. 2001; Mahoney et al. 1979; Mendell and
Smith 1990; Samson 1985), and may possibly contribute to SBS symptoms and other building-
related diseases, such as hypersensitivity pneumonitis, allergic rhinitis, and asthma exacerba-
tion (Burge 1990; Lacey 1991; Levetin 1985). UV-C has been shown to be effective in reduction
of microbial and endotoxin agents (Menzies et al. 2003), which can breed and accumulate in
ventilation systems, especially where condensation of water vapor occurs; however, no direct
evidence of health benefits exists other than the study cited above (Menzies et al. 2003).

UV-C systems have been shown to reduce tuberculosis infection in guinea pigs housed in
cages ventilated with air drawn from tuberculosis wards (Riley et al. 1957, 1962; Escombe et al.
2009). In the laboratory studies, UV-C has been effective in removing bacterial aerosols and viral
aerosols (Xu et al. 2003).To this end, UV-C for upper air, in-duct, and in-room systems was named
by ASHRAE's 2014 Position Document on Airborne Infectious Diseases as among the two highest
research priorities for developing engineering control to reduce infectious disease transmission
(ASHRAE 2014b).

2.5 Packaged Air Cleaners Using Multiple Technologies

Many air-cleaning devices use a combination of filters (i.e., particle air-cleaning technolo-
gies and gas-phase air-cleaning technologies). The devices are often stand-alone (portable),
incorporate a fan, and are intended for residential use. These devices are frequently called air
purifiers or clean-air delivery (CAD) devices, but many other names are used as well.

Many packaged air cleaners using multiple technologies are tested using the protocol of the
Association of Home Appliance Manufacturers (AHAM) (AHAM 2013) to determine performance
reported as the clean-air delivery rate (CADR) for specific contaminants (usually dust, tobacco
smoke, and pollen).The performance is a function of the inherent efficiency of the air-cleaning tech-
nologies used and the device airflow rate, as well as the indoor setting (see previous sections
[Sections 2.1 to 2.4] for the factors influencing effectiveness of air cleaning process).

Presently, minimal data are available on the health consequences of using packaged air
cleaners employing multiple technologies.

2.6 Ozone-Generating Air-Cleaning Devices

Certain air cleaners produce ozone by design to achieve air-cleaning effects and the
removal of contaminants. Additionally, ozone can be produced as a by-product of air-cleaning
processes. Any air-cleaning device that uses electricity during air cleaning process has the
potential to generate ozone. In practice, ozone generation is associated with air cleaners that
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use high-voltage coronas or pin ionizers (e.g., some precipitators or ionizers), UV light of a suffi-
ciently small wavelength (some photocatalytic oxidizers and UV-C air cleaners), and by some
plasma air cleaners. Packaged air cleaners employing different air-cleaning technologies may
use or produce ozone; examples include ozone generators or ionizers.

Ozone is harmful for health and exposure to ozone creates risk for a variety of symptoms
and diseases associated with the respiratory tract (Koren et al. 1989; Touloumi et al. 1997; Bell
et al. 2004). Many products of ozone homogeneous and heterogeneous reaction processes
also create risks for health, including formaldehyde, unsaturated aldehydes (produced during
the reaction of ozone with ketones and alcohols), and ultrafine particles (secondary organic
aerosols) (Weschler 2006).

Ozone emission is thus undesirable. However, there is no consensus on the safe level of
ozone. For example, ASHRAE’s Environmental Health Committee (2011b) issued an emerging
issue brief suggesting “safe ozone levels would be lower than 10 ppb” and that “the introduction
of ozone to indoor spaces should be reduced to as low as reasonably achievable (ALARA)
levels.” Still, even widely used guidelines are not entirely consistent with all available epidemi-
ological literature on the effects of ozone, and there is relatively little known about the long-term
effects of exposure to low concentrations of ozone.

The current state of the science regarding the health effects of ozone strongly suggests that
the use of air cleaners that emit ozone by design should not be permitted; the same information
and advice is given by the U.S. EPA, among others (EPA 2013).There is more uncertainty about
recommendations for air cleaners that do not use ozone by design for air cleaning but produce
ozone unintentionally, as a by-product of their operation. There are devices that emit ozone but
at the same time reduce concentrations of other harmful contaminants. The state of the science
does not allow making highly certain trade-offs between increased exposure to ozone and the
ozone reaction by-products and reduced exposure to other contaminants.

In the absence of robust information regarding safe levels of ozone, the precautionary principle
should be used. Any ozone emission (beyond a trivial amount that any electrical device can emit)
should be seen as a negative and use of an ozone-emitting air cleaner, even though the ozone
is an unintentional by-product of operation, may represent a net negative impact on indoor air
quality and thus should be used with caution. If possible, non-ozone-emitting alternatives should
be used.

Attention must be paid to certain air-cleaning technologies that claim to produce radicals (e.g.,
hydroperoxy, peroxy, and hydroxyl radicals) that become airborne (gaseous state) as a means of
effecting air cleaning/treatment.These species are ROS and are well known to be very short-lived
in the gas-phase (airborne). Few studies in the peer-reviewed literature, if any, have measured
these radicals in the gas phase as a means of an effective air treatment with such air-cleaning
technologies.

2.7 Filtration and Air Cleaning Versus Ventilation

Filtration and air cleaning reduce exposures to selected air contaminants generated indoors,
similar to outdoor air ventilation. Unlike ventilation, these methods can also reduce exposures
to contaminants in outdoor air. The effectiveness of filtration and air cleaning is frequently
expressed as the equivalent rate of outdoor air ventilation intake flow that would have to be
provided to achieve the same effect. However, unlike outdoor air ventilation (essentially reduc-
ing concentrations and exposure to the majority of indoor-generated contaminants), filters and
air cleaners (unless integrated) deal with one group of contaminants: either with particles, some
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types of gases, or microbial contaminants. The effectiveness is consequently the removal effi-
ciency for a single contaminant, a class of contaminants, or a mixture of contaminants (Zhang
et al. 2011).

To be expedient, the size of the effect obtained by filtration and air cleaning must be weighed
against efficiency of other removal mechanisms (Nazaroff 2000) (i.e., outdoor air ventilation and
removal by deposition to surface, see Section 2.1.1). For example, in the case of portable
household electric room air cleaners, the product of single-pass efficiency and airflow due to
air cleaning should be four times the sum of removal by ventilation and by deposition to meet
the target of 80% continuous removal of particles (i.e., 20% or less of the initial particle load in
a room, as defined by AHAM Air Cleaner Council [2013]). Furthermore, the cost and energy
implications must be taken into account when comparing the effect obtained by filtration and air
cleaning with outdoor air ventilation.

The Indoor Air Quality (IAQ) Procedure of ASHRAE Standard 62.1 (2013b) allows that filtra-
tion and air cleaning, together with recirculation, can be used as a substitute for a portion of
outdoor air ventilation. This is conditional upon detailed analysis of contaminant sources, rates
of contaminant removal by air-cleaning systems, contaminant concentration targets, and
perceived acceptability targets (Burroughs 2006; Lamping and Stanley 2008; Grimsrud et al.
1999, 2011; Stanley et al. 2007; Dutton et al. 2013). There is, however, only limited scientific
evidence showing that outdoor air ventilation intake flow can be partially or completely replaced
by filtration and air cleaning.

One consideration that warrants discussion is that the overlap between contaminants with
indoor sources versus those with external (outdoor) sources is relatively small and the use of
increased ventilation air without filtration and air cleaning can result in substituting one set of
contaminants (internally generated) with a different set (externally generated) with any asso-
ciated health effects.This is especially important in regions that do not meet national or regional
air quality standards for one or more criteria pollutants (i.e., ozone, PM10, PM2.5) or where
there may be local sources of air pollution. In these instances outdoor ventilation air should be
cleaned before being introduced into the building.

2.8 Maintenance, Commissioning, and Long-Term Performance
of Filtration and Air-Cleaning Devices

At the design phase, filters and air cleaners are generally assumed to be installed and oper-
ating correctly. In actual installations, there could be air and contaminant bypass around air-
cleaning devices (Ward and Siegel 2005), degradation in the performance of some technologies
over time (Lehtimäki et al. 2002), and potential for the emission of primary and/or secondary
by-products (Zhao et al. 2007; Rim et al. 2013).

Commissioning, active maintenance, and monitoring of filtration and air-cleaning devices
are needed to ensure design performance. Additionally, filtration and air cleaners should be
tested for extended durations to examine the possible change of performance in time of oper-
ation and the minimum period at which regular performance checks should be made. Informa-
tion on these aspects is nearly nonexistent, and there are nearly no documents regulating and
necessitating examination of long-term performance of filtration and air cleaning devices.

Indoor Air Quality Guide: Best Practices for Design, Construction, and Commissioning
(ASHRAE 2009a), as well as NAFA's Installation, Operation and Maintenance of Air Filtration
Systems (2012), provides guidance on maintenance and commissioning of filtration and air
cleaning.
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3. CONCLUSIONS AND RECOMMENDATIONS

3.1 Summary Statements on Performance of Filtration and Air-Cleaning Devices

The following statements on filtration and air cleaning are proposed taking into account the
evidence in the literature on their effects on health outcomes in public and residential buildings
(excluding health-care facilities which were briefly summarized in the preceding chapters).The
positions do not define minimum efficiency levels at which the effect of filtration and air cleaning
can be regarded as providing health benefits, because the magnitude of the effects obtained
by filtration and air-cleaning technologies depends on the design, operation, and setting in
which these technologies are operated in a building. Also, in many cases there are no thresh-
olds available for health effects, and regulatory exposure limits vary greatly among different
cognizant authorities. Finally, the statements do not take any position on whether certain types
of filtration and air-cleaning technologies should or should not be used in the built environment
and under which conditions (except the position on ozone-generating devices and the long-term
performance of filtration and air-cleaning devices); it was not the objective of the present doc-
ument. It is regarded that the decision on this matter belongs to other committees setting out
regulatory and guiding documents (codes, standards, and guidelines).

• Filtration technologies, in which particles are removed by attaching them to the media
(often called mechanical or media filters), have been documented to be capable in many
cases of reducing particle concentrations substantially, including reductions from levels
being above to levels being below the associated regulatory exposure limits for reducing
health risk set by recognized cognizant authorities. Modest empirical evidence suggests
that mechanical filters will have positive effects on health, especially for reducing adverse
allergy or asthma outcomes, but not on acute health symptoms in the general population,
often called sick-building syndrome (SBS) symptoms. Models predict large reductions in
morbidity and mortality associated with reduction of indoor exposures to particles from
outdoor air, but these health benefits have not been verified empirically.

• Filtration technologies that generate electrical fields and/or ions, often called electronic fil-
ters, have been documented to range from relatively ineffective to very effective in reduc-
ing particles substantially, including reductions from levels being above to levels being
below the associated regulatory exposure limits for reducing health risks set by recog-
nized cognizant authorities. Within this broad characterization of air cleaners, ionizers
have been evaluated to either show benefits or no benefits for acute health symptoms.
Many electronic air cleaners emit significant ozone and are thus subject to special atten-
tion as advised by Position 1 in Section 3.2.

• There are sorbent air cleaners that have been documented to reduce concentrations of
harmful gaseous contaminants substantially, including reductions from levels being above
to levels being below the associated regulatory exposure limits for reducing health risks
set by recognized cognizant authorities. There are very limited data on long-term effec-
tiveness of these air cleaners for indoor air applications with mixtures of contaminants at
low concentrations. Minimal empirical data exist on the health effects of using sorbent-
based air-cleaning technologies.

• Air cleaners using photocatalytic oxidation (PCO) have been documented to remove
harmful contaminants to levels being below the associated regulatory exposure limits for
reducing health risks set by recognized cognizant authorities. However, there are PCO
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technologies that are ineffective in reducing concentrations significantly, and there are
PCO technologies that have also been shown to generate harmful contaminants during
the air-cleaning process. No empirical data exist on the health effects of using PCO tech-
nologies. Different UV lamps used in many PCO devices can emit significant ozone and
are thus subject to special attention as advised by Position 1 in Section 3.2.

• Short-wave ultraviolet (UV-C) energy has been documented to inactivate viruses, bacte-
ria, and fungi. Some air-cleaning technologies using UV-C disinfection (also termed ultra-
violet germicidal irradiation [UVGI]) have been documented, in a few studies, to show
beneficial health effects when upper-room air, ventilation ducts, and evaporator coil sur-
faces were irradiated with UV-C. Some studies have failed to detect health benefits. Some
UV lamps can emit significant ozone and are thus subject to special attention as advised
by Position 1 in Section 3.2.

• Packaged air cleaners using multiple filtration and air-cleaning technologies are room air
appliances intended for residential and small-space application. Their performance is sub-
ject to the advantages and disadvantages of the filtration and air-cleaning technology
incorporated within the devices. Scientific documentation of the health effects of these
devices on occupants is sparse and inconclusive. Some of the technologies incorporated
into these devices either produce or rely on ozone for application and are thus subject to
special attention as advised by Position 1 in Section 3.2.

• Filtration and air-cleaning technologies are often regarded as an attractive alternative to
ventilation, enabling a reduction of outdoor air ventilation rate. The Indoor Air Quality (IAQ)
Procedure of ASHRAE Standard 62.1 allows lower ventilation rates if alternative methods
are used to reduce exposures to contaminants of concern, including the use of filtration or
air cleaning. Limited data exist documenting the effectiveness of air cleaning, in particular
gas-phase air cleaning, as an alternative to ventilation.

3.2 Positions on the Use of Filtration and Air-Cleaning Devices

ASHRAE holds the following positions on filtration and air-cleaning devices:

1. Devices that use the reactivity of ozone for the purpose of cleaning the air should not be
used in occupied spaces because of negative health effects that arise from exposure to
ozone and its reaction products. Extreme caution is warranted when using devices that
emit a significant amount of ozone as by-product of their operation, rather than as a
method of air cleaning. These devices pose a potential risk to health.

2. All filtration and air-cleaning technologies should be accompanied by data documenting
their performance regarding removal of contaminants; these data should be based on
established industry test standards. If not available, scientifically controlled third-party
evaluation and documentation should be provided.

3.3 Recommendations on Future Developments of Filtration and Air-Cleaning Devices

Further development of filtration and air cleaning is needed, particularly in the following
areas:

1. Quality control of operation of filtration and air-cleaning technologies, especially regarding
data on their long-term performance.

2. Development of regulatory and guiding documents supporting design, operation, and
maintenance of filtration and air cleaning devices.
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3. Modification of methods of charging particles by electronic air cleaners to reduce the gen-
eration of ozone.

4. Integration of different filtration and air-cleaning technologies.
5. Development of air-cleaning technologies that support ventilation by removing air contam-

inants for which ventilation is less effective, such as proven and practical systems for
removing ozone and possibly other gaseous pollutants from the air entering buildings.

6. Research on and application of intermittent use of filtration and air cleaners to deal with
peak loads or unexpected releases of contaminants.

7. The extent to which air cleaning can enable reduction in outdoor air ventilation rates.
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