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The Long-Term Performance of Electrically Charged Filters

in a Ventilation System

Peter C. Raynor and Soo Jae Chae

Division of Environmental Health Sciences, University of Minnesota, Minneapolis, Minnesota

The efficiency and pressure drop of filters made from poly-
olefin fibers carrying electrical charges were compared with
efficiency and pressure drop for filters made from uncharged
glass fibers to determine if the efficiency of the charged filters
changed with use. Thirty glass fiber filters and 30 polyolefin
fiber filters were placed in different, but nearly identical, air-
handling units that supplied outside air to a large building.
Using two kinds of real-time aerosol counting and sizing in-
struments, the efficiency of both sets of filters was measured
repeatedly for more than 19 weekswhilethe air-handling units
operated almost continuously. Pressure drop was recorded
by the ventilation system’s computer control. Measurements
showed that the efficiency of the glassfiber filtersremained al-
most constant with time. However, the charged polyolefin fiber
filters exhibited large efficiency reductionswith time before the
efficiency began to increase again toward the end of the test.
For particles0.6 umin diameter, the efficiency of the polyol efin
fiber filters declined from 85% to 45% after 11 weeks before
recovering to 65% at the end of the test. The pressure drops of
the glassfiber filtersincreased by about 0.40in. H,O, whereas
thepressuredrop of the polyol efin fiber filtersincreased by only
0.281in. H,0. Theresultsindicate that dust |oading reducesthe
effectiveness of electrical charges on filter fibers.

Keywords air filtration, dust loading, efficiency, electrostatics,
filters, ventilation
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INTRODUCTION

ilters made from fibers carrying electrical charges have

been used since 1930 in applications such as respiratory
protection, homeair filtration, and large building ventilation.®
Electrically charged fibers enhancefiltration by attracting par-
ticles carrying an opposite charge and by establishing image
forces in neutrally charged particles to accelerate their move-
ment toward thefiber surface. These mechanismslead to higher
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initial collection efficiency with no pressure drop penalty rela-
tive to asimilar filter with fibers carrying no electrical charge.

Several experimental studies have indicated that the ef-
ficiency of particle collection by electrostatically enhanced
filters, often called electret filters, can decrease as particles
deposit within the filter. As electret filters made from large
polypropylene fibers were loaded with quartz particles, Jodeit
and Loffler® found that efficiency declined initially, reached
a minimum, and then increased again with time. For small
polycarbonate electret fibers, no efficiency decrease was ob-
served. Lathracheet al.® found that both el ectrostatically spun
fibers and split fiber electret materials exhibited decreases in
efficiency with time as they were loaded with sodium chloride
particles before reaching a maximum particle penetration and
becoming more efficient. Baumgartner and L offler® observed
similar efficiency changes for electret filters exposed to small
sodium chloride particles. However, when the samefilterswere
exposed to large quartz particles, only increases in efficiency
were observed. All three of these papers hypothesized that
efficiency decreased initially upon loading with small particles
because the small particles discharged the initial electrostatic
chargeonthefibers. They al so hypothesized that once sufficient
particles were collected, increases in collection by impaction,
interception, and diffusion mechanisms led to an increase in
efficiency. Small particles were expected to be more effective
at reducing el ectrostatic effectsbecause they had moreintimate
contact with the fiber upon collection.

Other authors have suggested that collected particles do not
discharge the fibers. Instead, they hypothesize that while the
inherent charge remains on the fibers, the collected particles
block the charge from being effective on additional particles.
Brown et al.®® tested the efficiency performance of electrically
charged respirator filters over time against seven different in-
dustrial dusts. Having observed different amounts of efficiency
degradation depending on the properties of the aerosol being
collected, Brown et a. suggested that the electrical properties
and size distribution of the aerosols influenced the changesin
efficiency. Walsh and Stenhouse® observed efficiency reduc-
tionsfollowed by rising efficiency asel ectret filterswereloaded
with stearic acid particles. They indicated that particle size,
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particle charge, filter face velocity, fiber charge, and humidity
were important factors in determining the change in penetra-
tion through electret filters with time. Brown(” and Moyer
and Bergman® showed that i ntermittent exposures to aerosols
could lead to larger increases in penetration than a constant
incoming particle challenge.

Electrically charged filters have exhibited significant effi-
ciency decreases when exposed to liquid aerosols. Schiirmann
and Fissan® and Tennal et a.(% measured large efficiency
decreases over time for electret filters exposed to oil droplets.
These authors hypothesized that oils were especially effective
at shielding charges on fibers because the liquid spread across
the fiber surface.

Most of the studies on changesin performance over timein
filters with electrically charged fibers have been conducted in
laboratory settings. Lehtimaki and Heinonen™® indicated that
although many laboratory studies have shown that changesin
electret filter performance will depend on aerosol properties,
little information is available to determine how electret filters
will perform when exposed to typical atmospheric aerosols.
Wang,*? noting that wide discrepancies exist between theory
and experimental measurements, suggested that more infor-
mation is needed to understand the long-term performance of
electret filters.

With increasing concern about the susceptibility of large
buildingstoterrorist attacks, assuring adequate performance of
filters used in heating, ventilating, and air-conditioning
(HVAC) systems has been identified by the National Institute
for Occupational Safety and Health®™ as a critical element
in protecting building environments. Thus, the purpose of this
research was to gather data on the long-term performance of
electrically charged ventilation filters exposed to atmospheric
aerosols in an operating HVAC system.

METHODS

he performances of filters made from glassfibers carrying

no inherent charge, and filtersmade from polyolefinfibers
carrying an electrostatic charge, were evaluated for more than
19 weeks in operating HVAC systems. These systems, which
were virtualy identical, were located in a large office and
laboratory building onthe University of Minnesota Twin Cities
campus.

Ventilation Systems

The two air-handling units used to test the filters were each
sized to deliver a maximum of about 60,000 cfm of fresh air
to the building. Both systems, located in the basement of the
building, supplied 100% outsideair to minimizeconcentrations
of pollutants generated within the building. The intakes to
the systems were located about one story above the ground
within 10 m of one another horizontally on the same side of
the building. The intakes were located above alightly traveled
road. Theloading dock for the building waslocated around the
corner from the intakes.
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Air was drawn through the intakes downward into the air-
handling units. In each system, the air then passed through
a bank of thirty 2 ft. x 2 ft. prefilters before entering the
blower. Tests performed by an outside laboratory according
to ASHRAE Standard 52.2-1999 indicated that the prefilters
collected more than 90% of incoming particles 3 um in di-
ameter or larger after minimal dust loading. On exiting the
blower, the air encountered a mist humidification system that
was turned off throughout thetest. The air next moved through
the 30 primary filterstested in the units. In each unit, the 2 ft. x
2 ft. filters were arrayed in five rows and six columns. On
leaving the filters, the air passed through the air-conditioning
and heating systems before being distributed to the building.
The airflow and temperature delivered by the systems were
adjusted by computer control to meet the requirements of the
building environments.

Test Filters

Examplesof thetest filtersare shownin Figure 1. The poly-
ol efinfiber filtersweremadefrom polyethyleneand polypropy-
lene fibers. Both the polyolefin fiber and glass fiber filters
were constructed by forming the media into 15 pleats, each
about 28 cm deep and 54 cm tall, that were glued into frames.
When measured according to the ASHRAE 52.1-1992 dust
spot efficiency test by an outside testing laboratory, both kinds
of filters were nominally 90-95% efficient. Thirty polyolefin
fiber filters were installed randomly into the first air-handling
unit while 30 glass fiber filters were placed randomly into the
second unit. The choice of air-handling unit for each type of
filter was decided by a coin flip.

Efficiency Measurements

After the filters were installed, efficiency measurements
were made immediately and then 25 more times during the
next 19 weeks and 1 day. For each set of tests, the efficiency
of the filters was measured by taking air samples at four lo-
cationsimmediately upstream and four locationsimmediately
downstream from the test filtersin each air-handling unit. The
sampleswere drawn through 3.66 m long, sharp-edged probes

FIGURE 1. Glass fiber (left) and polyolefin fiber filters used for
testing
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oriented perpendicular to the flow and to gravity. A perpen-
dicular orientation was required to facilitate easy realignment
of probes during tests and removal of the probes between
sets of tests. The probes were 0.95 cm in diameter. The four
samples upstream from the test filters were drawn from the
same positions across the face of the filter bank as the four
downstream samples. These sampling locations were chosen
by bisecting the cross section of the filter bank vertically and
horizontally to form four equal rectangles and then centering
asampling point on each of these rectangles. The probeswere
positioned within 30 cm of the filter surfaces. Two probes
were used; at any time during the tests, one probe was located
upstream and the other downstream from the same point on
the filter bank. Each probe was connected to particle sizing
instruments using a 1.52 m length of plastic tubing having an
inner diameter of 1.27 cm.

Two instruments were used to measure particle sizes and
concentrations upstream and downstream from the filters. For
larger particlesranging from 0.504 to 3.05 imin aerodynamic
diameter, an aerodynamic particle sizer (APS) model 3310
(TSl Inc., St. Paul, Minn.) time-of -flight instrument wasused to
sampletheairstream at 5 L/min. Although isokinetic sampling
wasnot possibledueto therequirementsof realigning and mov-
ing the sampling probes, the aspiration efficiency for particles
into the probe and transmission efficiency through the probe
were calculated.™¥ Aspiration efficiency was determined to
be at least 90% for all particles of interest when the APS was
used. Transmission efficiency was also cal culated asmorethan
90%. For particles between 0.117 and 0.457 umin diameter, a
differential mobility particle sizer (DMPS) electrical mobility
instrument (Model 3932; TSI Inc.) was used. Thisinstrument
sampled air from the ventilation system at 1 L/min. For the
DMPS, the aspiration efficiency of particles of interest was at
least 75%, and the transmi ssion efficiency was calculated to be
greater than 90%.14 Although the aspiration and transmission
efficiencies were less than 100%, the losses were relatively
small. In addition, the sampling probes and sampling lines
were identical. Therefore, losses should not have biased the
filtration efficiency measurements because they presumably
occurred in approximately the same proportions upstream and
downstream from the test filters.

For onetest, asingle samplewastaken with each instrument
at each of the four locations upstream and downstream from
the filters. The APS was allowed to count and size particles
for 5 min at each location. The duration of the DMPS samples
depended on the amount of time needed for the instrument to
stabilize at each voltage employed by the instrument.

In the APS model 3310, counts of particles larger than
about 2 um in aerodynamic diameter were subject to errors
due to “phantom particles’ created by instrument sizing defi-
ciencies. I ntheefficiency measurements, the phantom particles
manifested themselves as an unlikely decrease in efficiency
as particle diameter increased for particles larger than 2 um.
Heitbrink and Baron*> developed a procedure to correct for
the influence of phantom particles by considering information
from both the large and small particle signal processors that
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operate in the APS. Sreenath et al.(*® developed a correction
by comparing APS measurements of sampling efficiency to
well-devel oped theory. Unfortunately, neither of thesemethods
corrected counts in away that seemed to make the efficiency
results more accurate. Therefore, no correction was applied to
the APS data.

For each pair of readings taken at the same horizontal and
vertical location upstream and downstream from thefilters, the
efficiency, , was calculated for each particle size according to
the equation

. Cdown
Cup

n=1 1)
where Cyown is the downstream particle count and Cy, is the
upstream particle count. For each filter bank, this resulted in
aset of four efficiency readings for each size interval for each
test.

Pressure Drop Measurements

Pressure drop (AP) acrossthefilters was recorded once per
hour by the computer control system. The pressure drop can
bedivided by thefan rotational speed to normalize for the flow
through the system. This normalized pressure drop (APnorm)
can be related to AP by

100%
APromm = AP( 0)

)

where V is the fan rotational speed as a percentage of the
maximum fan rotational speed. The fan speed was recorded by
the computer control system once per hour at the sametime as
the pressure drop.

Velocity Measurements

At the conclusion of the test period, the velocity in the
air-handling units was measured using athermal anemometer
(model 8330 VelociCheck; TSI Inc.). The velocity was mea-
sured about 50 cm downstream from the center of each of the
30 filters in each air-handling unit at fan rotational speeds of
80, 85, 90, 95, and 100% of the maximum rotational speed.
The anemometer was calibrated to ensure its vel ocity readings
were accurate.

Filter Mass Measurements

The four filtersin each air-handling unit that were directly
inlinewith the sampling probeinletswereweighed just before
installation in the filter bank. The precision of weighing was
the nearest 56.8 g (0.125 |b). After completion of al efficiency
testing and removal of the filters, the same eight filters were
weighed again. Theinitial mass was subtracted from the mass
of thefilter at thecompletion of thetest to determinetheamount
of mass gained by each of the filters. This mass increase was
then divided by the areaof thefilter media, 4.65m?, to calculate
the mass loading on the filters.
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RESULTS AND DISCUSSION

ver the test period, the four glass fiber filters weighed

to determine mass loading gained an average of 341 g
(0.751b) whilethefour polyolefinfiber filtersgained an average
of 227 g (0.501b). Theseloadings are equivalent to 73 g/m? for
the glassfiber filtersand 49 g/m? for the polyol efin fiber filters.
Although these | oading differences were not highly significant
(p = 0.064), they suggest that the two filter banks might have
been exposed to two different quantities of particulates and/or
that the glass fiber filters might have been more efficient on
average during the entire test period. Because the air-handling
unitswere so similar and the prefilters collected almost all par-
ticles large enough to be transported into and within the units
differently, the test filters were probably exposed to similar
concentrations of particles. Thus, the mass|oading differences

were most likely caused by differences in efficiency between
the two kinds of filters over the test period.

Figure 2 shows data for filtration efficiency versus particle
diameter for the glass fiber filtersimmediately after they were
installed (Day 0) and after 134 daysof useinthe HVAC system.
Particles smaller than 0.5 um in diameter are collected pri-
marily dueto Brownian diffusion whereas particleslarger than
1 umindiameter are collected due to interception, impaction,
and electrostatic attraction.(” The efficiency of particle collec-
tion by the diffusion mechanism has been shown to vary with
particle diameter to the ~%/3 power for single fibers. On the
other hand, filtration by the other mechanisms increases with
particlediameter for singlefibers. Thus, singlefiber efficiency,
n¢, can be approximated by the function

e =A'dy +C'dy%° (3)

1
0.8 |
> [ .,
O 06 .,
C |
D i
O i
G
i_ﬁ 04
i Glass Fiber Filters
0.2 | Day 0
I Day 134
i === Day0
Day 134
0 L
0.1 1 10
Diameter (pum)
FIGURE 2. Efficiency as a function of particle diameter for the glass fiber filters on the first day of testing (Day 0) and the last day of testing
(Day 134). Curves fit through the data according to Eq. 3 are displayed for both days.
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whered, is particle diameter and A’, B, and C' are parameters
to be evaluated empirically from experimental data. Single
fiber efficiency is related to tota filter efficiency using the
expression

n=1—exp(~Grn) 4)
where G is another parameter.(”) Substituting Eq. 3 into Eq. 4
yields
n=1-ep( - Ad: - Cd,??) (5)
where A=G x A'andC=G x C..
Curvesin the form of Eq. 5 have been drawn through each
set of data in Figure 2 to show the trend in efficiency as a

function of d,. The parameters A, B, and C werefit to the data
using SAS statistical software.!") For Day 0, the parameters

A =3.01 and B = 0.617 were significantly different from zero
at a 95% confidence level whereasthe parameter C = 0.00333
was not. For Day 134, the parameters A = 2.64, B = 0.688,
and C = 0.0350 were all significantly different from zero with
95% confidence.

For the polyolefin fiber filters, Figure 3 shows data for
efficiency as afunction of particle diameter immediately after
the filters were installed and after 134 days of use. Curves fit
to these data according to Eg. 5 have been plotted aswell. The
parameters A = 2.83, B = 0.570, and C = 0.00968 for the Day
Odataand A = 1.59, B = 0.874, and C = 0.0195 for Day 134
were al significantly different from zero at a 95% confidence
level.

Theresultsin Figures 2 and 3 show that the polyolefin fiber
filters had a much larger decrease in efficiency over the test
period than the glass fiber filters. The glass fiber filters had

1
0.8 [
> i
O 0.6
c i
2
QS |
&= 04|
LLl i
: Polyolefin Fiber Filters
u Day 0
0.2 i Day 134
i === Day0
I Day 134
0 L
0.1 1 10

Diameter (pum)

FIGURE 3. Efficiency as a function of particle diameter for the polyolefin fiber filters on the first day of testing (Day 0) and the last day of testing
(Day 134). Curves fit through the data according to Eq. 3 are displayed for both days.
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no statisticaly significant efficiency changes during the test
except for asmall increasein efficiency for particleswith diam-
eters smaller than 0.2 um. However, the polyolefin fiber filters
exhibited significant efficiency reductionsfor all particleswith
diameters smaller than 2 um. These efficiency reductions are
consistent with experimental findingsof other authors.?~8 The
effectiveness of the electrostatic charge is reduced over time.
Thisrelatively low efficiency for the polyol efinfiber filtersmay
explain why the mass loading is less for these filters than for
the glass fiber filters.

Figure 4 presents efficiency measurements versus time for
both the glass and polyolefin fiber filters. Each graph in the
figurerepresentstheefficiency for aparticul ar particlediameter
ranging from 0.15 um to about 3 «m. In each graph, second-
order polynomials are drawn through both the glass and poly-
olefin fiber filter data. For all particle diameters, the glass fiber
filters exhihit little change or small efficiency increases. How-
ever, the polyolefin fiber filters show large efficiency decreases
followed by efficiency increasesfor particles0.291 umin aero-
dynamic diameter and larger. The efficiency improvements

Efficiency
o

4 8 12 16 20
Time since installation (weeks)

(a)d=0.150 pm

Efficiency

0 4 8 12 16 20
Time since installation (weeks)

(c)d=0.582 pm

)
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@
S
=04
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A
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0 4 8 12 16 20
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(b)d=0.291 pm
1
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)
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5 I
S i
=04
b I
02 | N
oL v v by
0 4 8 12 16 20
Time since installation (weeks)

(d)d=1.03 pm

0.8
> >
) )
2 Sos |
o L © L
S04r ‘ £ 04 |
0.2 - 02 [ .
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0 _4 ) 8_ 12_ 16 20 0 4 8 12 16 20
Time since installation (weeks) Time since installation (weeks)
()d=1.98 um () d=3.05 um
| ¢ Glass 4 Polyolefin ===:Glass —— Polyolefin

FIGURE 4. Efficiency as a function of time for particles with diameters (a) 0.150 pum, (b) 0.291 um, (c) 0.582 um, (d) 1.03 um, (e) 1.98 um,
and (f) 3.05 um. Data and second-order polynomial regressions are shown for both the glass and polyolefin fiber filters.

468 Journal of Occupational and Environmental Hygiene

July 2004



19: 40 30 August 2010

Downl oaded By: [Centers for Disease Control and Prevention] At:

toward the end of the test are probably due to better particle
capture by impaction and i nterception mechanismsasthefilters
becomeloaded with particles. For particles0.150, 0.291, 0.582,
and 1.03 umindiameter, theefficiency differencesbetween the
two fiber types are significant statistically after about 2 weeks
of use. For particles 1.98 and 3.05 um in diameter, the €f-
ficiency is significantly different between fiber types from 2
weeks into the test until the 2 kinds of filters have almost the
same efficiency again at the end of the test period.

With the polyolefin fiber filters, the minimum efficiency
for particles 0.582 um in diameter and larger occurred 10—
12 weeks into the test. For 0.291-um particles, the minimum
occurred at about 13 weeks. The minimum efficiency occurred
after about 15 weeksfor the 0.150-m particles. These differ-
ences with particle size indicate that the interactions among
electrostatic and mechanical filtration mechanisms are com-
plex and that efficiency reductions continue to mount for a
long time.

The efficiency datain Figures 2—4 exhibit more variability
than usually found in acontrolled laboratory experiment. This
variability is not surprising because many important factors
cannot be controlled during field tests like this. For example,
the ambient particle size distribution changed from day to day.
In particular, the breadth of the distribution and the overall
numbers of particlesvaried widely. In addition, changesin par-
ticle concentration occurred within atest. In several instances
thedatasuggested that incoming particle concentrationsfluctu-
ated withinthepair of sizedistribution measurementsthat com-
prised one efficiency measurement. Thus, these fluctuations
increased variability in the efficiency measurements also. Few
particles larger than 3 um in diameter were present upstream
from the test filters because relatively few of these particles
reside in the ambient environment and because the prefilters
were effective at removing particles of this size. Therefore,
efficiency measurements by the APS for large particles were
highly variable because a change of even a single particle in
the upstream or downstream count could influence the effi-
ciency measurably. This variability was especially important
for particles larger than 2 or 3 um in diameter because they
were susceptible to the APS phantom particle problem.

With the DMPS, the largest particles measured by the in-
strument exhibited more variability because fewer of thelarger
particles were present in the sampled air. Furthermore, the fan
speedsin the air-handling units were not constant during tests.
The units responded to ventilation requirements within the
building as determined by the computer control. Thus, vel ocity
through the filters sometimes varied by several percent within
asingle test. Filtration theory suggests that the differences in
efficiency caused by even a20% changein vel ocity, the maxi-
mum difference observed throughout the tests, were within the
variability of the datain this study.

In addition to temporal variability, comparison of the four
efficiency readings across the face of each filter bank showed
some variability. For both air-handling units, efficiency mea-
sured in front of the filter in the fourth row from the top of
the bank and the fifth column from the sampling instruments

Journal of Occupational and Environmental Hygiene

was lower than the efficiency for the filters in the fourth row
and second column, the second row and second column, and
the second row and fifth column. For most particle diameters
larger than 0.5 um, thisdifferencein efficiency wassignificant.
Thereasonsfor these differences and why they would occur in
both air-handling units are unknown. Because the lower read-
ings occurred in both air-handling units, the overall efficiency
results were not biased by this variability by location.

Figure 5 shows pressure drop versustime for the entire test
period. The actual pressure drop readings were normalized for
airflow using Eq. 2. Within each day, the 24 hourly normalized
pressure drops were averaged to produce the data shown in the
figure. Initially, the pressure drop for the glassfiber filters was
lower than the pressure drop for the polyolefin fiber filters. By
the end of two weeksof testing, however, the pressuredrop was
the samefor the two kinds of filters. Between Weeks 3 and 7 of
testing, the glassfiber filters showed several rapid reductionsin
pressuredrop beforereturningtoalevel that washigher thanthe
pressuredrop for the polyol efinfiber filters. Thereasonsfor the
threedistinct decreasesin pressuredrop are not clear. However,
the changes coincided with the three periods of hottest daily
high temperatures during the test period. The cooling load
placed on the air-handling units may have had something to
do with the fluctuations in pressure drop measurements. After
7 weeks, the pressuredrop gradually increased for both types of
filtersat about the samerate. Inthefinal 3 weeks of testing, the
pressure drop increased more rapidly for both kinds of filters.
This result suggests that the filters may have been starting
to clog. For the entire test, AP for the glass fiber filters
increased 67% from 0.60 in. H,O to about 1.0 in. H,O. The
polyolefin fiber filter APnorm rose 42% from about 0.67 in.
H,O1t00.95in. H,O. Thislarger pressure drop increase for the
glass fiber filters probably resulted from the higher collection
efficiency offered by these filters during most of the test.

Tablel presentstheair velocity measuredintheair-handling
units at the conclusion of the testing period. The average and
standard deviation of 30 measurements taken for each set of
filters are shown for percentages of the maximum fan speed

TABLE I. Velocity of Air Moving Through the Air-
Handling Units for Different Fan Speed Settings at
the Conclusion of the Testing Period

Glass Fiber Polyolefin

Fan Speed, Filter Velocity Fiber Filter
Per cent of M ean/Standard M ean/Standard
Maximum Deviation (ft/min) Deviation (ft/min)

80 570/68.2 565/87.5

85 584/74.3 627/105

90 613/64.4 669/139

95 619/68.0 711/175
100 636/66.2 748/173

Note: The mean and standard deviation of 30 readings are presented for
each condition.
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—— Polyolefin Fiber Filters

Normalized pressure drop (in. H20)

o
o

by dividing by the fan rotational speed as indicated in Eq. 2.
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Time after installation (weeks)

FIGURE 5. Pressure drop vs. time for the glass and polyolefin fiber filters used in the air-handling units. The pressure drop has been normalized

12 16 20

ranging from 80 to 100%. For the same fan speed, the vel ocity
was generaly higher in the air-handling unit containing the
polyolefin fiber filters than in the unit housing the glass fiber
filters. However, this difference may have been influenced by
the variance in the measured velocities for the polyolefin fiber
filters. The measured vel ocity varied widely for the polyolefin
fiber filters both from filter to filter and within the area cov-
ered by a singlefilter. The thermal anemometer indicated that
the polyolefin fiber filters had regions within a single filter
that had substantially higher velocities than other sections.
In some cases, these “jets’ could be felt by holding a hand
near the filter's downstream surface. No jets were observed
for the glass fiber filters. The reasons for the jets in the poly-
olefin fiber filters are not clear; no obvious ripswere observed,
for example. However, these jets may indicate that the poly-
olefin fiber filter media was stretched out in places or devel-
oped small voids, or that the particles deposited non-uniformly
within the filters.

The findings in this article apply to only one comparison
of filters at one location during one period of time. However,
these findings in a field test agree with the mgjority of data
obtained from laboratory studies.

When industrial hygienists, environmental health special-
ists, or others select filters for HVAC or other applications
such as respiratory protection or local exhaust ventilation,
they should consider theimplications of using filters enhanced
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by electrical charges. Although these filters may offer perfor-
mance advantages initially when compared to filters carrying
no electrical charges, the performance advantages may not be
maintained over time. If filters carrying electrical charges are
used, additional monitoring of filter performance with time
may be warranted.

CONCLUSIONS

ilters made from uncharged glass fibers and filters made

from polyolefin fibers that carry electrical charges were
placed in almost identical HVAC systems operated continu-
oudly for more than 19 weeks. Properties such as filtration
efficiency, pressure drop, and filter mass were tracked with
time.

Results show that the efficiency of the polyolefin fiber fil-
ters declined substantially during the test. For instance, the
efficiency of particles0.3 umin diameter decreased from 70%
to aslow as 45% during the 134-day test. For particles 0.6 um
in diameter, the decline was from 85% to as low as 45%. Over
the sametime period, the efficiency for filters made from glass
fibers changed little. The data suggest that the benefits of the
electrical chargeson the polyol efin fibers diminished with time
asdust built up onthefibersand rendered the chargeineffective.
The results from these field measurements bolster the findings
of several researchers who have loaded aerosols onto electret
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filtersin the laboratory. The higher efficiency of the glassfiber
filters relative to the polyolefin fiber filtersis alikely reason
for the greater mass loading and larger pressure drop increase
measured for the glass fiber filters.

Before buying filters, it should be determined if the filters
use charged fibers. If so, buyers should consider the implica-
tionsof any reductionsin filter efficiency that could occur with
use.
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