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and to exchange ideas for improving their long- and short-
term training programs. All participants expressed a need
for enhanced training opportunities in biosafety and the
need for continued mentorship after standardized training.

The Emory University Science and Safety Training
Program (www.sph.emory.edu/CPHPR/biosafetytraining)
is currently developing other training for high biocontain-
ment laboratories, including training programs for emer-
gency response activities, training for communicating
laboratory issues to media and community organizations,
and the development of a leadership program for bio-
safety professionals. Future trainings will be developed
based on needs identified by participants of Science and
Safety Training Programs and feedback provided at pro-
fessional biosafety and scientific conferences. Initiatives
for evaluating the effectiveness of the Science and Safety
Training program are presently underway.
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Reliability of ULPA Filters in Air Handling Systems

Gordon Abraham and Phillip McCabe

Australian Animal Health Laboratory, Geelong, Victoria, Australia

Abstract

Eighteen ultra low penetration air filters were installed in
exhaust air systems in a microbiological high contamment facil-
ity. Their performance was measured annually for integrity
and efficiency. After seven years, their reliability was compa-
rable with that of high efficiency particulate air filters in similar
systems and are considered a suitable dltemative to the latter.

Introduction

High efficiency particulate air (HEPA) filters having a
minimum efficiency of 99.97% for patticles 0.3 microns
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in diameter have been widely used to remove infectious
aerosols from microbiological containment laboratories
and animal rooms (Abraham, Le Blanc Smith, &
Ngeuyen, 1996). The standards to which filters are manu-
factured and tested have been reviewed (First, 1996).
Ultra low penetration air (ULPA) filters (Liu, Rubow,
& Pui, 1985; Avery, 1986) having a minimum collection
efficiency of 99.997% for particles in the size range of 0.1
to 2 microns have been developed to provide higher effi-
ciencies for removing particles from air for clean room
technologies (Kapoor & Gupta, 2003; Schroth, 1996).
ULPA filters have been used where dustfree environ-
ments are required for microelectronic, computer and
pharmaceutical manufacturing industries. However, they
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have not been used for removing infectious particles from
exhaust air streams in microbiological facilities.

The efficiencies of both HEPA and ULPA filters
measured by aerosols of polydisperse sodium chloride
were measured to be 1,000 and 10,000 fold higher respec-
tively than the manufacturer’s minimum specifications
(Jamriska, Martin, & Morawska, 1997).

Where microbiological biocontainment in laborato-
ries and animal facilities is important, HEPA filters form
a critical component of microbiological barriers. As air
handling systems in buildings run continuously, the integ-
rity and efficiency of HEPA filters must be checked at
defined intervals to ensure that biocontainment stan-
dards are met. In general, annual testing of filters is
adopted to ensure the integrity of the filter medium, the
efficacy of the filter seal in its housing, and that the pres-
sure drop across the filter is acceptable. Reports describe
the reliability and performance characteristics of HEPA
filters in nuclear (Carbaugh, 1982), both nuclear and
non-nuclear (Robinson et al., 1985) and microbiological
laboratory (Abraham, Le Blanc Smith, & McCabe, 1999)
installations.

Prior to the availability of data (Jamriska et al., 1997)
to verify the efficiency of HEPA filters, ULPA filters were
installed in exhaust air ducts in several microbiological
high hazard areas of the Australian Animal Health Labo-
ratory (AAHL) to provide an anticipated higher level of
aerosol containment. This report compares the seven-year
performance of ULPA filters with that of HEPA filters in
similar air exhaust systems.

Materials and Methods

610 x 610 x 292 mm HEPA filters were supplied by
Gelman Sciences (Australia) and ULPA filters by Flanders
Filters (USA). The manufacturing data provided was:

HEPA Filters: Gelman HEPA absolute type model
7590, arrestance efficiency >99.995%, penetration of
rated airflow <0.005%, rated airflow 472 L s', penetra-
tion at rated airflow <0.0003%, resistance at rated airflow
239 Pa, tested in accordance with BS 3928 sodium flame
test.

ULPA filters: Flanderslaminar flow grade VLSI
ULPA filter model 0-012-6-07-00-SU-33-00-gg-6, serial
number V 235958, test flow 100FPM (velocity), efficiency
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@ test flow 99.99999% @ 0.12 microns, filter size 610 x
610 x 150 mm, dimple pleat construction, no separators.

The laboratory design, air handling systems, filter
installations and HEPA filter specifications at the AAHL
have been described previously (Abraham et al., 1996
and 1999; Jamriska et al., 1997). Laboratories, animal
rooms and support service areas are all enclosed within
an outer microbiological barrier. One hundred percent
fresh air is drawn from outside the building into a com-
mon plenum, and large particulate matter is removed by
pre-filters prior to final filtration through HEPA filters to
its final destination. For higher hazard zones, including
animal rooms, two HEPA filters are used in series for the
supply air to ensure against any infectious particle back-
flow. Air is exhausted from laboratories and animal
rooms through clarification prefilters prior to filtration
through two 610 mm square HEPA filters (or in this case,
one HEPA and one ULPA filter) in series. All filters are
housed in separate cylindrical canisters with removable
ends, and sealed in mountings using compressible gaskets
that meet required standards for airtightness measured by
cold dioctyl phthalate particle penetration. Where two
filters are installed in series, both filters are integrity
tested sequentially.

Eighteen ULPA filters were installed in four selected
laboratories and 14 selected animal rooms. In such
rooms, two HEPA filters in series for exhaust air systems
is the normal installation configuration. All ULPA filters
were installed in the secondary exhaust position following
a standard HEPA filter. After initial installation and com-
missioning, each filter was tested annually to confirm the
absence of leaks around the gasket seals for the filter
housings and to ensure that the pressure drop across the
filter face was within operating limits. The scan testing of
ULPA filters to demonstrate filter integrity conformed to
the Australian Standard 1807.6 (2000) and was identical
to that done routinely for HEPA filters in other parts of
the facility.

Results

Over a seven-year period from 1995 to 2002, five of
the 18 ULPA filers were replaced by standard HEPA fil-
ters for non-conformance with the performance criteria.
The reasons for these replacements are shown in Table 1.

Table 1
Numbers of ULPA filters replaced in room exhaust systems within seven years.
Replacement Reason
Filter location and number of filters Media leak Gasket seal failure Media blockage Still in service
Laboratories (4) 1 3
Animal rooms (14) 2 1 1 10
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Discussion

This report analyzes the performance of 18 ULPA
filters in continuous use in air exhaust systems in contain-
ment laboratories and animal rooms. Five (28%) were
replaced in the first seven years of operation, which com-
pares with 18.4% of HEPA filter replacements in the
same period of service in a previous study (Abraham et
al., 1999). Like the previous study, there were three main
reasons for filter replacement; defects in the filter me-
dium, failure of the gasket seal holding the filter in place,
and blockage of the filter medium. Due to the small num-
bers in this study, the percentages of filter failures in each
category were not statistically significant.

All of the ULPA filters were installed in the secon-
dary position behind a primary HEPA filter. Blockages
were measured by the pressure drop (generally, rising
from 200 to 500 Pa) across the filter by Magnehelic
gauges and confirmed by subsequent air flow measure-
ments through the filter directly. Filters in the secondary
position are expected to be impacted by fewer larger parti-
cles and should be less susceptible to media blockage; the
data supports this view. The origin of the blockages is
unknown, but is probably particulate matter. Although
only one ULPA filter was considered blocked in this
study, ULPA filters do not appear to block more readily
than HEPA filters in similar positions.

Although testing in workshop conditions has demon-
strated the high filtration efficiency of ULPA (and HEPA)
filters (Jamriska et al., 1997), sensitive methods to prove
their continued performance in the field are not rou-
tinely available. During this study, the same cold dioctyl
phthalate (DOP) tests used to screen HEPA filters were
done annually to identify significant faults in ULPA fil-
ters. It was this test that allowed for the detection of filter
media leaks and gasket seal leaks and the replacement of
non-performing filters (Table 1). However, the cold DOP
test does not demonstrate the continued high efficiencies
of either HEPA or ULPA filters whilst in service. This
study shows ULPA filters can be used in air exhaust sys-
tems in a large containment laboratory and function relia-
bly for at least seven years.
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