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Figure 1a (left): New F7 (~MERV13) fiberglass bag filter. Figure 1b (right): The same filter after five months of continuous operation.

Used Filters

And Indoor Air Quality

By Gabriel Beko, Ph.D.

The presence of used filters in a ventilation system can have an adverse

impact on perceived air quality, Sick Building Syndrome symptoms, and

performance of office work. This article briefly summarizes earlier works leading

to this conclusion, as well as reviews our more recent studies performed to gain

better understanding of this problem. Possible mechanisms responsible for the

emission of noxious compounds from ventilation filters are described. Finally,

the economic impact of polluting ventilation filters and possible engineering

solutions are discussed.

Mechanical ventilation systems are
commonly used to ensure that ventila-
tion standards and guidelines are met.
However, studies have documented that
building occupants, especially in older
and mechanically ventilated buildings,
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consider the indoor air quality unac-
ceptable and suffer from Sick Building
Syndrome (SBS) symptoms, sometimes
referred to as Building-Related Symp-
toms (BRS).1.2:3 Consequently, poor air
quality can negatively affect occupants’
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productivity.#> The prevalence of asthma
and allergic diseases has increased dur-
ing the past decades, most likely due to
changes in environmental exposure.5
Many of the particles either generated
indoors or entering the buildings from
outdoors can trigger allergic reactions,
asthma, and upper and lower respiratory
symptoms.” Moreover, epidemiological
studies report close association between
outdoor airborne particles and mortality
and morbidity.8

Particulate pollutants (smoke, dust
fibers, bioaerosols such as viruses,
bacteria, and microorganisms) and gas-
eous pollutants may enter the buildings
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through the ventilation system. Supply air filters are important
components of ventilation systems. Depending on their effi-
ciency, they reduce the rate at which air-handling units become
dirty. They protect the ventilation units from increasing energy
costs, equipment malfunction or increasing probability of fire
hazards. Within the last few years the potential benefits of
filters to health have been recognized.® Filters tend to protect
occupants from a fraction of the airborne particles present in the
ventilation air and contribute to improved indoor air quality.
For the reasons mentioned previously, more efficient filtration
units are being developed. In addition to increased efficiency,
minimizing the pressure drop and energy costs are the aims of
further development. However, new filtration systems are often
expensive compared to traditional ones and various imperfec-
tions must be solved as well. Traditional pocket- or panel-type
fiber filters are the most preferred in practice for their best bal-
ance between cost and performance. Commonly used bag-type
or panel-type fiber filters can act as significant sources of indoor
air pollution with consequent impact on perceived air quality,
sick building syndrome symptoms, and performance.19 This can
result from neglected maintenance of HVAC systems and insuf-
ficient filter replacement, which is often the case (Figure 1).

Sensory Pollution From Ventilation Filters

An earlier field investigation of pollution sources in 20 build-
ings revealed that the ventilation system can provide a major
pollution load on the indoor air.11 Of the various components
in ventilation systems, filters were found to be one of the main
pollution sources.12 It was later documented that a new filter is
not the source of pollution, but indeed the collected particulates
are the source of sensory pollution.13

The odor intensities from loaded ventilation filters can be
substantially high even after a relatively short period of filter
operation. After six weeks of operation, the percentage of people
dissatisfied with the quality of air downstream of loaded filters
can be higher than 20%.14 Several studies suggest that the aver-
age filter lifetime of six to 12 months is too long, when high
quality of supply air is required. During this period, the pressure
drop of filters does not yet reach the recommended value for
them to be replaced, although the filters are already emitting a
significant amount of sensory offensive pollutants.

Increasing the ventilation rate to a space improves the air
quality. However, when the ventilation air passes through used
ventilation filters the benefits from increasing the outdoor
airflow are smaller than usual. As it has been demonstrated,
this occurs because increasing the airflow rate through a used
filter proportionally increases the source strength of the fil-
ter.1516 The acceptability of the air immediately downstream
of a substantially loaded filter, rated by human subjects using
a continuous acceptability scale, changes little with increased
airflow rate through the filter.

Several recent studies have examined the adverse impact
of indoor air pollution on performance of typical office work
and the negative economic consequences.>17 It is, however,
difficult to estimate the extent to which pollutants from loaded
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ventilation filters contribute to such an impact. In a field ex-
periment, used supply air pre-filters were replaced in an office
building with new ones. The intervention increased the self-
estimated productivity of office workers by 5.7%.18 Another
study examined call-center operators’ talk-time at two different
outdoor air supply rates using supply air filters that were either
new or had been in service for six months.1® When used filters
were replaced with new ones at high outdoor air supply rate,
the workers’ talk-time decreased by about 10%. Increasing the
outdoor air supply rate reduced talk-time by 6% with a new
filter in place but increased talk-time by 8% with a used filter
in place. The interventions also had significant effects on some
SBS symptoms and environmental perceptions.

The observations obtained from many sensory experiments
support the fact that ventilation filters could constitute signifi-
cant sources of sensory pollution and deteriorate the perceived
air quality. However, it is still not clear what are the causative
agents responsible for the pollution from loaded filters. Earlier
experiments concluded that it is unlikely that microorganisms
(biological activities) are the main reason for the deterioration
of air quality downstream of used filters.20

Chemistry on the Filter Surface

The composition of the collected particles is a mixture of
organic and inorganic substances. Typically, dust consists
of particles such as pollen, microbes, soil-derived particles,
inorganic salts and particles formed in combustion processes
in energy production and traffic. The total surface area of the
captured particles accumulated on afilter can easily exceed 500
m2 (5381 ft2) for a 0.6 x 0.6 m (2 ft x 2 ft) filter.2! Particles
captured on filter surfaces contain certain volatile and semi-
volatile organic compounds (VOC and SVOC) that are either
adsorbed or absorbed. A portion of these organics may desorb
from the surface of the particles into the airstream. Desorption
of organic compounds may result in degradation of perceived
air quality downstream of the filters. The strength of emissions
depends on the amount and quality of the dust deposited on the
filter. The effect of desorption is expected to vary with location
and season. Loaded prefilters are suspected to have higher odor
emission rates than loaded final filters.2

Some of the organics associated with the captured particles
may chemically transform due to intensive chemistry on the
filter surface. For instance, when the supply outdoor air passes
through the filter, ozone present in this air may react with
organic compounds sorbed on the particles and create new
oxidation products. During such reaction, ozone is consumed.23
However, the removal of ozone by a loaded filter decreases over
time as the oxidation reactions are limited by the presence of
reactive compounds on the filter surface.

In one of our recent studies at the Technical University of
Denmark, ozone was added to the airstream passing through three
samples taken from the same used ventilation filter.24 While the
upstream ozone concentration was maintained constant at 75 ppb,
the concentrations downstream of the filters were initially 35%
to 50% lower. However, within an hour the downstream concen-
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trations were only 5% to 10% lower than
those upstream. The filter samples were
then placed for 48 hours in nitrogen, ambi-
ent air containing less than 5 ppb ozone,
or ambient air at an elevated temperature
(100°C [212°F]). This resulted in partial
regeneration of the ozone removal capabil-
ity of the filter (Figure 2).

The results suggest that the amount
of reactive organics on the filter surface
increases during nonoperating intervals.
Organic compounds are found on the
surface of the loaded filter (i.e., the sur-
face of the collected particles) and within 0 2
them. These compounds can be neither
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Figure 2: Ozone removal efficiency of a filter sample versus time. After 60 minutes the filter
was placed in static ambient air for 48 hours.
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Sensory Assessment

subjects assessed the quality of air pass-
ing through various filter samples. They
assessed the acceptability of air, which
was then converted to percentage of
people dissatisfied with the given air quality. The initial small-
scale evaluation by facial exposure was conducted when three
samples taken from the same used filter were first placed in
three separate test rigs. In this evaluation each of the three filter
samples were assessed to be equivalent.

The next evaluation was immediately after the samples had
been kept for 48 hours in nitrogen, ambient air or 100 ppb of
ozone. No oxidation reactions were anticipated to occur in ni-
trogen, while limited and extensive reactions were expected to
occur inambient air and ozone, respectively. Consistent with this
hypothesis, the nitrogen-treated filter was assessed to be best,
while the ozone-treated filter was assessed to be the worst.

Another assessment was carried out after ambient air had
subsequently passed through the “treated” filters for two hours.
In this case, all filters were more acceptable than they had been
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Figure 3: Percentage of people dissatisfied with the air quality downstream of the three filter
samples; assessments (facial exposure) were conducted before, immediately after, and two
hours after exposing the samples to different static environments.

right after the 48-hour treatments. However, the ozonized filter
was still the most polluting of the three (Figure 3). A possible
negative impact of oxidation and a positive effect of subsequent
ventilation on perceived air quality downstream of the tested
filter samples was concluded. Presumably under static condi-
tions (i.e., when air is not passing through the filter), the rate
of desorption of organic compounds from the filter surface
decreases. In such cases, the oxidized products accumulate over
time and the loaded filters become reservoirs for these products.
When the airflow is turned back on, the desorption rate for the
oxidized organics increases.

The results indicate that in cases of intermittent operation
of ventilation systems, the airflow through the polluted filters
should be restarted in sufficient time prior to occupancy to
purge odorous pollutants that have accumulated on the filter
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surface, for instance overnight or during
weekends.

Economic Impact

According to the U.S. EPA, poor indoor
air quality costs the United States tens of
billions of dollars annually in lost productiv-
ity and medical care.8 It is not known with
certainty to what extent various ventilation
filters can affect these outcomes. While
their potential to remove particles from the
supply air is highly beneficial, the processes
occurring on surfaces of used filters and
their adverse impact on the environmental
quality are not fully understood.

We derived crude estimates of the initial
costs, annual running costs and the cor-
responding monetary benefits of particle
filtration for a standard office building us-
ing single-stage F7 pocket-type filtration.29
Based on available epidemiological data,
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Figure 4: Lower, central, and upper estimates of the aggregated benefits and costs of particle
filtration from the perspective of society. The lower estimate calculates with 0% productivity
loss, the central estimate with 0.5% productivity loss over 50% of the filter’s total service
time, and the upper estimate predicts a 1% productivity loss over 75% of the filter’s lifetime.
See the referenced article for details.2°

we estimated how much the reduction in occupants’ exposure to  of particles were included in the model: respiratory hospital
particles during their workday may reduce their mortality and  admissions, asthma emergency room visits, minor restricted
morbidity. Regarding morbidity, the following health effects activity days, and work loss days. Filtration may also reduce the

68 ASHRAE Journal

Advertisement formerly in this space.

March 2009



costs associated with building and HVAC 100
cleaning.

Conversely, losses of occupant produc-
tivity due to sensory offending pollutants 80
emitted from used ventilation filters can
lead to significant economic losses. There
are several ways to assign a dollar value
to the positive health effects of decreased
exposure to particles.30 Other endpoints
can be difficult to monetize. For example,
it is challenging to precisely determine
how much the pollution from loaded
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endpoints within a relevant range of the
input parameters (Figure 4).

The benefits-to-costs ratio depends
on the perspective of the stakeholder:
the employer renting the building is impacted by occupant
performance and building energy costs; the building owner is
impacted by maintenance of the building and its HVAC system;
the society is impacted by the employees’ health and welfare
(Figure 4). As a result, regardless of perspective, particle
filtration is anticipated to lead to annual savings significantly
exceeding the running costs for filtration. However, economic
losses resulting from even a small decrease in productivity
caused by sensory pollutants emitted from used ventilation
filters have the potential to substantially exceed the annual
economic benefits of filtration. Further studies are required to
determine if meaningful benefits can be obtained from more
frequent filter replacement or application of different filtration
techniques that limit the emission of offending pollutants into
the ventilation air.

Engineering Solutions

Today, we know more about the hazardous effects of very
fine particles and about the importance of good and healthy
indoor air. Recommendations and guidelines to use more ef-
ficient filtration techniques are increasing. However, particle
removal by ventilation filters should not compromise indoor
air quality. HVAC systems should be well maintained and the
filter banks should be regularly exchanged. Attention should be
given to hours of operation of the ventilation system. This was
investigated in an experiment performed to determine whether
the sensory pollution emitted from a bag filter that had been
used for three months in a suburban area in Denmark was in-
fluenced by different ways of operating the air-handling unit.31
Samples of the used filter were preconditioned to simulate three
operating conditions: switched off overnight; airflow reduced
to 10% overnight; and continuous 100% operation. Outside
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Figure 5: Percentage of people dissatisfied with the air quality downstream of eight differ-
ent filters or filter combinations. New filters and filters of the same type after five months of
continuous operation were tested.

air passed through the samples and the acceptability of the air
downstream of the filter was assessed by a panel of subjects.
The results indicate that turning off the ventilation system or
reducing the airflow outside working hours would significantly
increase the sensory pollution emitted by a filter immediately
after the ventilation system is turned on, in comparison with
continuous airflow through the system. After outside air had
passed through the filter for two hours, no significant differ-
ences were found.

Development of low-polluting filtration techniques with
higher efficiencies and lower pressure drops is another way
forward. Until such techniques are developed, filters that pollute
the air the least after a substantial period of operation should
be selected among the commercially available products. Our
latest experiments evaluated the net effect that different bag
filters, activated carbon filters, and their combinations had on
perceived air quality after five months of continuous filtration of
outdoor suburban air.32 The tested filter combinations were: F7
(~MERYV 13) fiberglass bag-filter; F7 fiberglass filter protected
by monthly exchanged G4 (~MERYV 8) pre-filters; F7 fiberglass
filter with an activated carbon filter upstream; F7 fiberglass filter
with an activated carbon filter downstream; F7 fiberglass filter
with an activated carbon filter both upstream and downstream;
Stand-alone combination filter: bag-type fiberglass filter that
contained activated carbon; Stand-alone combination filter:
synthetic fiber cartridge filter that contained activated carbon
and F5 (~MERV 10-11) fiberglass filter.

Eight test plenums were assembled to evaluate the various
filter types or their combinations. The test units with a cross-
sectional area of 0.3 x 0.6 m (1ft x 2ft)were situated outdoors.
They consisted of a fan, filter housings and ductwork. The
plenums with the various filters were in continuous operation
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for five months under identical conditions. The airflow through
the filters was adjusted to 1300 m3/h (45,909 ft3/h) to achieve a
standard 2 m/s (0.15 ft/s) face velocity through the filters. After
five months of soiling, the filters and the test plenums were
moved in the laboratory. Human subjects assessed the accept-
ability of air downstream of each set of filters in a controlled
laboratory environment. The obtained values of acceptability
of air were then converted to percentage of people that would
be dissatisfied with the given air quality (Figure 5). Air that
had passed through used filters was most acceptable for those
sets in which an activated carbon filter was used downstream
of the particle filter. Comparable air quality was achieved with
a stand-alone combination filter—bag-type fiberglass filter that
contained activated carbon. The pressure drop of the combina-
tion filter changed very little during the five months of service,
and it had the added benefit of removing a large fraction of
ozone from the airstream.

Such new types of filters may be a viable solution to a long
recognized problem. They could have particle removal efficien-
cies comparable to standard bag filters and at the same time they
would remove sensory offending pollutants and ozone from the
airstream. This would mean significant improvement in air qual-
ity with, presumably, only modest additional expense. Further
experiments are warranted before large-scale implementation
of these results.

Conclusions

Dirty ventilation filters are not an exception in the general
practice. Used ventilation filters can act as sources of strong
sensory pollution. The pollutants emitted from loaded particle
filters include irritating products of chemical reactions occurring
on the filter surfaces. Although the benefits of filtration would
always exceed its direct costs, the emitted compounds can have
adverse impact on occupant performance, leading to economic
losses, which have the potential to overwhelm the annual eco-
nomic benefits of filtration. Removal of particles from the supply
air of ventilation systems without the subsequent emission of
pollutants into the airstream seems to be beneficial.

Activated carbon filters downstream of the particle filters
may meaningfully improve the acceptability of the filtered air.
Similarly good air quality could be achieved by using fibrous
combination filters with activated carbon incorporated in them.
These filters do not require modification of filter housings if the
housing already accepts standard bag filters. If further experi-
ments confirm these results, combination filters that contain
activated carbon could replace commonly used bag filters in
buildings where high indoor air quality is required.
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