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DOES THE AIR QUALITY DETERIORATE DURING THE USE OF AIR FILTERS?
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ABSTRACT

Emissions from dust collected in air filters have been investigated using in situ and chamber
measurements. Two air filters (class F6 and F8/9) were exposed to outdoor air for a period of
six months, after which measurements were carried out during continuous and intermittent
operation. Air samples were t&en upstream and downstream of the filters and andysed for
several substances, ticluding VOCS, formaldehyde, microbial VOCS (MVOC), vital micro-
organisms, ergosterol and endotoxin. Particles and fungus spores released while starting the
fan were monitored using an optical particle counter and slit samplers.

No significant change of VOCS, aldehydes or MVOCS codd be measured across the flters
while in use. Particulate matter, including endotoxins, ergosterol and spores, was reduced. In
the intermittent mode, a moderate and short-lived increase of particles was briefly measurable
downstream of the filters @er starting the fan. In the chamber experiments, the fflters were
found to be a source of various VOCS, such as aldehydes and MVOCS. Nevertheless, myco-
logical examination of the filters did not show any active microbial growth.

This investigation does not indicate any deterioration of air qufity due to outdoor dust in the
air flters, even though they were occasionally dampened. The large amount of air passing
through a filter in use obviously dilutes the gaseous emissions found in the chamber experi-
ments to very low concentrations of minor importance. Finally, it shotid be stated that these
flters were only moderately dirty and that this study does not include odour or other perceived
air quality parameters.

INTRODUCTION

The supply air filters in a ventilation system are exposed to outdoor air, which is a mixture of
various particles and gases such as soil, sand, bacteria, spores, volatile organic compounds,
combustion gases etc. The filters reduce particulate matter and thus improve air quafity. Under
certain circumstances, the collected dust can cause an increase of unwanted substances in the
air passing through the filters. Microbes might grow in ~ters, as nutrients, moisture and micro-
organisms are often present on the used Mter material [1, 2, 3, 4]. The metabolism of the
microbes can produce volatile and particulate products. Fragmentation, mortality or new
growth of spores can lead to substances that might be released into the supply air.

The presence of moisture seems to be the mti condition that effects the growth of micro-
organisms in filters [1, 2, 4., 5]. A relative humidity above 9090 seems to promote growth.
Under most other conditions, microbes seem to die in the filters [2, 6]. Even new filter
materials and their binders can serve as nutrients for microbird growth [7, 8, 9].



Filtration efficiency in terms of removing microbes depends on the filter class and the aero-
dynamic size of the microbes [10]. Elixman et. d. [11] show effective filtration of fi.rngi. How-
ever, they noticed that, during certain days in the summer, the concentration downstream of
the filters was higher than upstream. Their explanation is that fungi grow through the filter and
spotiate on the downstream side.

Odour and volatile compounds from air Mters have fio been studied [5, 12, 13, 14, 15, 16,
17]. Pasanen et. d. [13] found that, after three months use, the air stream from filters smelled
so much that every third person wotid find it unpleasant. They tio found that coarse Mters
(EU3) smelled just as much as did more effective filters (EU6). The smell from the ~ters
depended on the air velocity through the falters [14, 15] and the temperature [16]. Some
studies [13, 16] on used air filters show that chemical measurements and perceived odour do
not correlate. Schleibinger et. d. [17] measured MVOC emissions from used air filters in situ.
They found increased levels of formaldehyde, acetaldehyde, and acetone, although all concen-
trations were low and comparable to normal outdoor levels. Further laboratory study showed
emissions of the same compounds [5].

In our study we investigated used filters of two dfierent classes operated in situ. We exarniued
whether air quality k degraded because of the dust and microorganisms in the filters. The
hypothesis is that a Iiier filter collects more dust and other fractions than a coarser one, and
that this will effect the etisions. An assumption is that the micro-environment for growth is
more suitable at lower or no flow through a filter, which is the case when ventilation systems
operate intermittently. The study in its entirety is reported in [18] (in Swedish).

METHODS

Two glass fibre filters (F6 and F8/9, 610 x 610 mm) were exposed to outdoor air for sk
months (March to August 1997), and the measurements were made during August and Sep-
tember. Two dMerent running conditions were studied, continuous and intermittent. The
nominal airflow was 3400 ins/h, which was reduced to 200 ins/h at nights and weekends when
in intermittent operating mode. In particdar, the instant that the fan was started was studied
for particle release. This was done using a HEPA filter upstream of the tested filter.

Table 1. Measurements and the methods used.
IParameter: IMethod I
Particle concentration Measurements by optical particle counters, OPC (> 0.3 ~).
Total dust Sampling on 0.8 ~ cellulose acetate falter, weighing on a micro b~ance.
Ergosterol and endotoxin Total dust fflters as above and pieces of the examined filters, andysed using a

Limulus reagent method and GCMS.
Ozone Di~sion sampler (15-20 days’ exposure), andysed by ion chromatography
Microorganisms BIAP slit sampler with agar dish, incubation and CFU counting. Optical

microsco~e counting in the faltermaterial.
VOC (C6-C~*) Pumped and diffusive sampling on Tenax adsorbent tubes, andysed by

thermal resorption on a GC/FID/MS system (non-polar capillary column).
MVOC (10 com~oundsl)) Pumued on Anasorb 747 adsorbent. andvsed on GCMS (SI~. Pegasus hb
Formaldehyde, acetaldehyde Pumped and diffusive sampling on DNPH-cartridges (SepPak X-posure and

GMD badges respectively), analysed by HPLC.

1)l-octene-3-ol, 3-methyl-furan,3-octanone,2-hexanone,2-heptanone,n-butanol, iso-butanol,2-pentauol,3-
methyl- 1-butano~ dimetbyldisulphide. All ten substances are summed up to a MVOC total value in the results.



Afterwards, the entire filters were placed in climate chambers (1 m3) for volatile etision
measurements and, fin~y, samples were cut out from the examined filters for analysis of
microbial contents in the filter material.

RESULTS

Particlesin air upstrearrnanddownstreamof thefilter

Table 2. Reduction (%) over the filters. (Ratio between upstream and downstream values.)
Continuous Intermittent

F6 FS19 F6 F819
ParticIes 0.4pm 20 75
CFU of fungi 91 95
Total dust 47 65 351) 761)
Ergosterol >76 >83 >821) >741)
Free endotoxin >98 >98 861) gfjl)

Total endotoxin 85 91

1)Unreliablevaluw due to possiblereverseflow due to fan breakdown.

No increase of any partictiate matter could be seen downstream. However, when the fan was
started in intermittent mode, a moderate and short-lived (e 15 see) increase of particles was
measurable downstream. The same pattern was measured for CFU. The release of particles and
CPU at starting should be of minor importance in comparison to the normal penetration
through the filters during continuous operation.
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Figure 1. Volatile compounds up- and downstream of the filters during continuousoperation.
(Long-term values are sampled for several days and short-term values for a couple of hours).
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Figure 2. Volatile compounds up- and downstream of the filters during intermittentoperation.

No specific compounds of MVOCS and VOCS emerged from the pattern of the total values
(Figures 1 and 2). An expected reduction of ozone was found during intermittent operation,
but not dutig continuous operation. This might be due to longer dwell time when the flow is
low. However, no newly formed substances were detected due to ozone reduction.

Chamberexperiments

The chamber experiments found the filters to be a source of various VOCS. Aldehydes such as
hexand and nonanal dominated, but alcohols (1-butanol, iso-butanol, 3-methyl- l-butanol, 2-
ethyl- I-hexanol), ketones (2-butanone), hydrocarbons (heptane, bensene, toluene) and other
substances were found as well. A slightly ticrease of formaldehyde was measured, in addition
to the presence of acetone. Furthermore, the tilters were a source of various MVOCS, parti-
cularly isobutanol, n-butanol and 3-methyl-furane. Considerably more MVOCS were measured
in the F8/9 ~ter chamber than in the F6 chamber. We noticed a striking odour from the filters
after opening the climate chambers.

Microbialcontentiin thefiltermaterial

Optical microscopy of the ~ter material showed spores in abundance on the upstream side and
rare occurrences on the downstream side of both falters. Hyphae were found only on the up-
stream side, and only as fragments. This indicates no fungi growth on the ~ters. The dust in
the filters contained high amounfi of ergosterol and endotoxins.



DISCUSSION

No significant change of VOCS, aldehydes or MVOCS cotid be measured across the filters
while in use, and the downstream levels are comparable to normal outdoor findings. No fungal
growth cotid be found either, which seems logical in conjunction with the MVOC results. In a
recent field study, Moritz et. al. [19] showed a mean survival time of microorganisms deposit-
ed on air filters of one to three days. This means that air falters are not a good environment for
microbial growth, except when the relative humidity is high. However, the filters in our
chamber experiments were found to be a source of various VOCS. These emissions can
originate either from resorption, biological degradation or chernicd reactions in the filter. As
an example of the latter, hexanal and nonanal are oxidation products from fatty acids in the
dust. Butanoles might be a result of biological degradation or biological activity. Theoretically,
if the calculated source strength from the filters were the same in siti as in the chambers, the
passing ti flow would dilute the etisions to very low and hardly measurable values (e.g.
hexanal and nonand increase <0.02 pg/ms).

The ~ters examined did effectively reduce pticulate matter. Fragmentation of the dust could
be expected in the titers, and these fragments might be released downstream. Our measure-
ments of fungi and bacteria fragments (ergosterol and endotoxin) showed no abnormal con-
centration of these substances: instead, we found a reduction across the filters during both the
running conditions. The release of particles measured by OPC while starting the fan was low
and short-lived. It does not appear as if particle loosening causes any deterioration of the air
quality. Another study shows that used low filtration class falters release lots of particles and
more than finer filters [20]. Synthetic filters release more particles than do glass fibre filters of

the same class. Low fdtration class titers (S F5) are often made of coarse fibres and have a
relatively open structure, which is also the case for synthetic filters of finer classes (2 F7). The
tested ~ters in our study were glass fibre filters of tie classes (F6 and F8/9), which might
explain their ability to retain the particles.

Moritz [21] studied release of endotoxin from used filters over several years and found a
reduction over the filter during the first years. On the other hand, the reduction decreased over
thne, and finally the filters started to raise the concentration of endotoxin across the filter i.e.
negative ~tration efficiency. Our measurements were made after six months’ use, and the
reduction of endotoxin correlates with Moritz’ findings. Moritz [21] &o found that coarse
filters started to release endotoxin earlier than did tie filters. His recommendation is to change
prefilters every one to two years, and main filters every third year, due to endotoxin release.

Our conclusion is that moderately dirty flters do not degrade air quafity. However, this study
does not include odour or other perceived air qutity parameters, which should be t&en into
consideration. No difference in deterioration of the air qufity between the two flters can be
seen from our results, but other studies [20, 21] tidicate differences between coarse md fie
flters in respect of release of particulate. Air filters are not a favorable environment for
microorganisms, although high relative humidity and water must be avoided in falters.

ACKNOWLEDGEMENT

The study was financed by SP and the Swedish Council for Building Research, who’s support
is gratefully acknowledged.



REFERENCES

1,

2.

3.

4.

5.

6.

7.

8.
9.

10

Kemp S. J., Kuehn T. H., et. al: Filter collection efficiency and growth of microorganisms on
filters loaded with outdoor air, ASHREA transaction, vol 101, part 1, s228-238 (1995)
Neumeister H. G., Kemp P. C., Kircheis U., Sc~eibinger H. W. and Rtiden H.: Fungd growth on
air filtration media in HVAC systems, Proc. of HeNthy Buildings/IAQ 1997, vol 1,s 569-574
Simmons R.B., Price D.L., Noble J.A., Crow S.A. and Ahearn D.G.: Fungd colonisation of air
falters from hospital, AIHA Journal 58:900-904 (1997)
Moritz M., Schleibinger H. and Rtiden H.: The influence of service life, faltermedium, air
temperature and relative humidity on the growth of microorgtisms on air filters in HVAC
systems, Proceedings of Healthy Buildings/IAQ 1997, vol 1,s 623-628, 1997
Schleibinger H., Bdck R,, Moritz M., Richter A. and Ruden H.: mVOC produced by
microorganisms growing on Werent air filter media under different climatic conditiom,
Proceedings of Healthy Buildings/IAQ 1997, vol 1,s 575-580
Neurneister H. G., Moritz M., Schleibinger H. And Martiny H.: Investigation on allergic potential
induced by fungi on air filters of HVAC systems, Indoor air 1996, s 125-130
Kemp S. J., Kuehn T. H., et. d.: Growth of microorganisms on HVAC falters under controlled
temperature and humidity conditions, ASHREAtransactin; vol 101, part 1, s305-316 (1995)
Maus R. et d.: Viability of microorganisms in fibrous air filters, Indoor Air 1996, s 137-142
Simmons R.B. and Crow S.A.: Fungd colonisation of air filter for use in HVAC systems, Dept of
Biology, Georgia State University, 1994
Ginestet A., Mann S., Parat S., Laplanche S., Salazar J.H., Pugnet D., Ehrler S. and Perdrix A.:
Bioaerosol Mtration efficiency of clean HVAC filters and shedding of microorganisms from filters
loaded with outdoor air, J. of Aerosol Se., vol 27, s 619-620, 1996

11. Elixmann J.H., Linskens H.F., Schata M. and Gjorde W.: Changes of fungd growth under
different climatic conditions in air-conditioning filters, Urban ecology pp. 259-265, 1990 SPB
Academic Publishing bv, me Hague, The Netherlands

12. Cox C.W.J. and Bluyssen P. M.: Reduction of sensory pollution by air Iilters; effect of treatment
to inhibit microbial growth, proceedings Healthy Buildings/IAQ 97, vol 1s 551-556, 1997

13. Pasanen P O., Teijonsalo J., Sepp*en O., Ruuskanen J and Kdliokoski P.: Increase in perceived
odor emission with loading of ventilation filters, Indoor air 1994, s 106-113

14. Bluyssen P.: Do filters pollute or clean the air?, Air infiltration review, Vol 14, No 2, March 1993
15. Pejtersen Ju Sensory pollution and microbial contamination of ventilation filters, Indoor air 1996,

vol 6, p 239-248.

16. Bjorkroth M., Torkki A. and Sepptien O.: Effect of particulate filters on perceived air qudi~,
Proceedings of He~thy Buildings/IAQ 1997, vol 1, s 557-562

17. Schleibinger H., Bock R. and Ruden H.: Occurrence of microbiologically produced ~dehydes ad
ketona (mVOCs) from filter materials of HVAC systems - Field and laboratory experimenfi,
Proceedings of practical engineering for indoor air quality, ASHREA cotierence, Denver 1995

18. Johansson J H P and Resell L: Ger smutsiga l~iter forsamrad tillti? - En studie av emissioner
medursprung i falter, SP rapport 1998:10, ISBN 91-7848-715-3, ISN 0284-5172. (In Swedish)

19. Moritz M., Schleibinger H. and Ruden H.: Investigation on the surviv~ time of outdoor
microorgansims on air filters, Institut ~ Hygiene der Freien Univeritiit Berlin, Proceedings Camtil
environment seminar, 1998.

20. Frydenlund F., Kristiansen O,. Haugen E,. Nagelhus Lysne H. and Hanssen S. O.:
Ventilasjonstekniske installasjoner som helseriskofaktor - Uttesting av brukte ventilasjonsfilter i
laboratorium, SIN~F Norway, Rapport ~A4704, ISBN 82-594-1255-1. (In Norwegim)

21. M. Moriti: Hygienische Untersuchungen zur Begrenzung der Standzeit vonLuftfdtern in RTL-
Anlagen. Abschlussbericht zurn Forschungsvarhaben, Inst. fi.irHygiene, fieie Univ. Berlin 1998.


