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This study was conducted to

determine the filtering efficiencies
of 31 high-efficiency particulate air
(HEPA) filtration units in use at

asbestos abatement projects.It
demonstrates that substandard
performance of HEPA filtration
units can result in the release of
asbestos fibers into the outdoor air
or into adjacent building areas.

removal of asbestos particulate from filtration units were tested at 12 abate-

airstreams in active abatement areas, ment sites in New Jersey. Each of the
little quantitative information is avail- HEPA filtration units were located in-
able on their ability to prevent asbestos side the abatement containment area,

fiber release from these areas. Limited All 12 projects involved commercial or
laboratory and field studies suggest that industrial buildings, and 10 of the 12
lack of preventive maintenance, opera- involved occupied buildings. Asbes-
tor misuse, or poor equipment design tos-containing surfacing material (fire-
may result in poorer operating perfor- proofing or decorative plaster) was re-
mancethanclaimedinthemanufacturer’s moved at six of the sites. Asbestos-
specifications.^The study detailed herein was con- on mechanical or process equipment
ducted to determine the filtering effi- (pipes, reactors, furnaces, and ventila-
ciencies of 31 HEPA filtration units at tion ducts) was removed at the other six

containing thermal system insulation

.

asbestos abatement sites. The study sites. At seven project sites, the ACM
was designed to determine each unit’s contained chrysotile asbestos (from
filtering efficiency for asbestos par- five to 65 percent); at two project sites,
tides and to compare the asbestos con- amosite asbestos (from 25 to 95 per-
centration in the discharge air of each cent); and at three project sites, both
unit with outdoor air concentrations.

sbestos abatement work prac
tices and procedures recom-
mended by the U.S. Environ-

mental Protection Agency (EPA) in-
clude the use of high-efficiency par-
ticulateair (HEPA)filtration units asan
integral part of thecontainment system.

Although these air filtration units are
the principal engineering control for

A chrysotile (from 15 to 45 percent) and
amosite (from 10 to 95 percent).

Asbestos fiberconcentrations wereStudy Design and Methods
determined in the inlet and dischargeair

This study was conducted during of each HEPA filtration unit tested,

the active removal of asbestos-contain- Two samplesof the inlet air to each unit
ing material (ACM).Thirty-one HEPA and two samples of the discharge air
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eight duct diameters from the fan dis- selected consisted of a three-piece filter
cassette containing a 25-mm, 0.45-p.m
pore size, mixed cellulose ester (MCE)
membrane filter mounted on a 5-jim
pore size MCE backup diffusing filter

Isokinetic sampling of the inlet and and cellulose support pad. The cassette
discharge air of the filtration unit was was preceded by a 10-cm-long brass
conducted to determine the respective metal nozzle with a 4-mm inside diam-
asbestos fiber concentrations. In eter. The nozzle was mounted directly
isokinetic sampling, the velocity of air to thefilter cassette to minimize sample
entering the sample nozzle (Vn) is the loss,

same as the velocity of the airstream
(Vs). That is, the area of the sample simultaneously in both the inlet and
nozzle tip opening (An) and the sample discharge air ducts. The sampling as-
volume flow rate (Qs) must be adjusted semblies were positioned in the duct so
to obtain a velocity (Vn = Qs/An)equal that each nozzle was one-third duct
to the airstream velocity (Vs) at the diameter from the duct walls. The spa-
sampling point. The sampling con- tial variability of asbestos concentra-
straint (Vn = Vs) is termed isokinetic tion across the cross section of the duct
sampling or equal-velocity sampling, was minimized by placing thesampling
Figure 2 (ref er to page 8) is a sketch of pointseightductdiametersfrom the last
the isokinetic sampling nozzle-filter as- bend or point of flow disturbance.^
sembly. As part of this study, a portable
wind tunnel was used to determine the on duct velocity (range 450 to 1900 ft/
best configuration of the sampling min) at the point where the sampling
nozzle-filter assembly to minimize nozzle was positioned. The sampling
aerodynamic interferences at the nozzle period was long enough to achieve a
tip during sampling. The configuration minimum air volume of 1200 liters.

from each unit were collected simulta-
neously. Outdoor air samples were
also collected for comparison with the
discharge air concentrations of asbes-
tos from each HEPA filtration unit.
Four outdoor air samples were col-
lectedat each site. If more than oneday
was spent at a single abatement site, a
set of outdoor air samples was col-
lected each day. Figure 1 shows the
sampling configuration for a HEPA
filtration unit.

Approximately 10 feet of smooth-
wall, 12-inch-diameter, 16-gauge alu-
minum duct was attached to both the
upstream and downstream sides of the
HEPA filtration unit. A converging
transition adapter facilitated the con-
nection with theintakefaceof each unit
and helped balance the airflow through
the unit. Two 1/4-inch-diameter holes
in the top and side axes of the upstream
and downstream ducts served as ports
for air-velocity-measurement probes.
Theholes in the sideaxes alsoserved as
ports for the two air sampling probes.
Theports werelocated eight ductdiam-
eters from the inlet (upstream) and

charge (downstream).

Isokinetic Air Sampling

Duplicate samples were collected

The sampling flow rate was based
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centrations determined by the direct
method of filter preparation.

Performance Criteria

The upstream and downstream as-
bestos concentrations were estimated
by the arithmetic mean of the two inlet
air and two discharge air concentra-

tions, respectively. The particle-re-
moval efficiency and decontamination
factor of each unit were calculated by
the following equations:

E = [(Cu - Cd)/Cu] x 100
DF = Cu/Cd

where
E = percent particle-removal
efficiency
DF = decontamination factor
Cu = upstream concentration
Cd = downstream concentration

If the filtering efficiency (E) is
>99.95 percent (i.e., equivalent to a

that may have adhered to the walls of decontamination factor >2000), the

the nozzle and because of the potential unit meets the minimum acceptance

for a non-uniform deposition of par- criterion specified in ANSI N509-

ticles on thefilterdue to the nozzle.The 1980/
indirect method of filter preparation
involved ashing the MCE filter, ultra- Data Analysis
sonically redispersing the ash in water,
and then refiltering it onto a new MCE
filter that was prepared by the direct pare the average of the discharge air

method of filter preparation. Sample measurements from each unit with the

grids were analyzed according to the outdoor air measurements taken at the

Yamate Method Level II^ counting site that day. The natural logarithm of

rules, except counting was stopped af- the quantity (x + 0.001), where x is the

ter finishing the grid opening in which measured airborne asbestos concentra-

the 100th particle was observed. In all tion, was calculated for each measure-

other samples, counting was continued ment before performing the t-test. This

until an analytical sensitivity of 0.005 transformation was used to make vari-
structures per cubic centimeter (s/cm^) ances more equal and to provide data

was achieved. The analytical sensitiv- that are better approximated by a nor-

ity is the estimated concentration corre- mal distribution, thus allowing the ap-

sponding to the observation of a single plication of standard parametric statis-

tical methods. The constant 0.001, a

Theindirectmethod of filter prepa- value chosen to be smaller than the

ration typically leads to concentrations majority of analytical sensitivities, was

that are higher than those obtained used because some zero values were

when filters are prepared by the direct present and the natural logarithm of

method ^ Therefore, concentrations zero is undefined. The transformation

determined by the indirect method of was used only for these particular t-
preparation are not equivalent to con- tests; it was not used in any other part of

The duct volumetric flow rate was de-
termined by 20 measurements taken at
multiple points in an equal area traverse
of the duct 4

Outdoor Air Sampling
Aone-tailed t-test was used tocom-

Outdoorair samples werecollected
on 25-mm-diameter, 0.45-pm pore
size, mixed cellulose ester (MCE)
membrane filters mounted on a 5-pm
pore size MCE backup diffusing filter
and cellulose support pad. The filter
assembly was contained in a three-

piece cassette. The samples were col-
lected at aflow rateof approximately 10
L/min to achieve a minimum air sam-
pling volume of 1200 liters.

Wx1

If
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Laboratory Analysis
The HEPA filtration unit inlet/

discharge samples and the outdoor air
samples wereanalyzed by transmission
electron microscopy (TEM). An indi-
rect method of filter preparation was
used because the isokinetic sampling
nozzle-filter assembly had to be rinsed
down to remove any asbestos particles

structure.
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thedataanalysis (i.e.,graphs or descrip-
tive statistics).

The data were also used to charac-
terize the distribution of discharge air
concentrations and to compare this dis-
tribution with that of the outdoor air
concentrations found at the abatement
sites. This approach assumes that dis-
charge air concentrations are indepen-
dent of outdoor airconcentrations at the
worksite. This is not an unreasonable
assumption because the outdoor air
sampling locations were carefully se-
lected to be awayfrom the sourceof any
discharge air. Box plots were used to
display the distributions of the mea-
sured values. The data were plotted on
a logarithmic scale to accommodate
measurements ranging over several or-
ders of magnitude.For outdoor air con-
centrations, measurements were aver-
aged over the number of days at a site to
give a distribution based on 12 values.
The distributions of the inlet and dis-
charge air concentrations are each
based on 31 values. The ratio of the
mean discharge air concentration to the
mean outdoor air concentration was
estimated based on the assumption that
the measurements were independent
observations from a lognormal distri-
bution. The estimate is given by the
ratio of geometric means. A t-test ap-
plied to thenatural logarithm of thedata
was used to test whether this ratio was
significantly different from 1. If the
ratio is statistically different from 1,
then theoverall meandischarge aircon-
centration is significantly different
from the overall mean outdoor air con-
centration.

Table L Filtration Performance of 31 HEPA Filtration Units Based on Asbestos Particles

Efficiency %A Decontamination
Factor®

Manufacturer-Model Unit

Microtrap MTC
Microtrap MTC
Microtrap MTC

99.65
99.59
99.69

Microtrap Sentinel

Microfrap Sentinel
Microtrap Sentinel
Microtrap MT3
Microtrap MT3

99.95 2,100•r

99.92 1,200
99.89
98.16
99.43 180

Aerodean 2000
Aerodean 2000
Aerodean 2000
Aerodean 2000

>99.99 470,000
90.53 11
99.53 210

>99.99 10,000

Sentry 2000
Sentry 2000
Sentry 2000

99.35 150
99.83 580
99.62 260

Abatement Technology 2000C
Abatement Technology 2000C
Abatement Technology 2000C
Abatement Technology 2000C
Abatement Technology 2000C

99.92
99.97
99.93 1,500
99.97 3,700
99.97 3,100

j;

Critical Systems Mach 2
Critical Systems Mach 2
Critical Systems Mach 2
Critical Systems Mach 2
Critical Systems Mach 2

2,30099.96
>99.99 100,000

99.91
99.96
99.96

CRSI 1800
CRSI 1800
CRS11800
CRSI 1800

99.98
43099.97

99.87 780
99.81 520

Red Baron ST2000
Red Baron ST2000

>99.99
91.35

ANSI Acceptance Criterion 99.95 2,000Results and Discussion v

^ Efficiency was rounded to four significant figures.
® Decontamination factor was rounded to two significant figures.A summary of each HEPA filtra-

tion unit’s performance is presented in
Table I. Asbestos particle removaleffi-
ciencies for the 31 units ranged from
90.53 to >99.99 percent. Nineteen of
the 31 units (61 percent) demonstrated
filtering efficiencies below the ANSI
N509-1980 criterion of 99.95 percentA
The decontamination factor (i.e., the

unit’s ability to remove particles from ciency of 99.99 percent (Unit 29) is 17
the airstream) reveals performance dif- times as effective as a unit having a
ferences between various filtration filtering efficiency of 99.83 percent
units much more distinctly than does (Unit 24) and 41 times as effective as a
comparing their efficiencies. For ex- unit with a filtering efficiency of 99.59
ample, a unit having a filtering effi- percent (Unit 2).

Environmental Choices Technical Supplement • Fall 1993 9



Table II.Asbestos Concentrations Measured in the Inlet and Discharge Air of 31 HEPA Filtration Units and
Comparative Outdoor Concentrations

Average asbestos concentration, s/cm^
t-tesfADischarge Air Outdoor AirInlet AirSiteUnit

0.087 0.0461 25.11
0.046141.4 0.5752 1
5.5812 2055.3 0.0043

0.393 5.5812 60.34
5.859 0.1772 61.95
0.823 0.1553 1070.7

2532.3
6

0.1553 1.0877
0.01093.1 0.4368 4
0.0111417.8 0.4019 5
0.0110.26810 5 401.5
0.0060.6156 1313.71 1
0.006248.3 0.76612 6
0.0390.62213 6 728.7
0.0396 373.5 0.40714
0.0347 103.3 0.02515
0.0347 60.2 0.14116
0.01946.3 0.06017 7
0.0197 47.3 0.09118

*0.0317 46.4 0.85419
0.03130.2 0.17220 7
0.0081207.4 0.00721 8
0.00822 8 48.1 0.045
0.0409 272.1 0.07323

*0.0409 226.5 0.38924
0.08425 9 317.9 0.102
0.0849 180.9 0.69726
0.33710 235.4 0.08927

10 229.1 0.101 0.33728
0.04929 1 1 2888.7

2328.5
0.298

0.04430 12 0.297
*0.04431 12 354.9 30.711

§j!

1! AAn asterisk indicates that the average discharge air concentration is significantly greater than the average outdoor air
concentration (p<0.05).

; iI
I
fl In a corollary study^ that measured 86.91 to 99.60 percent whereas the effi- with the results of the t-test comparing

filtering efficiencies based on dioctyl ciencies based on asbestos particles for the discharge air and outdoor air con-
phthalate (DOP) particles, the same the same four units ranged from 90.53 centrations. Sixteen of the 31 units (52
four units (Units 4, 5, 19, and 31) that to 99.35 percent. No obvious pattern percent) had an average discharge air
demonstrated the lowest calculated was evident for units with DOP effi- concentration significantly higher
DOPefficienciesalsodemonstrated the
lowest calculated efficiencies based on
asbestos particles. The DOP efficien-
cies for these four units ranged from

(p<0.05) than the average outdoor air
concentration at that site. Unit 31 had

ciencies greater than 99.95 percent.
Table II lists the average inlet air,

discharge air, and outdoor air asbestos the highest discharge air concentration
concentrations for each unit, together (30.7 s/cm^) followed by Unit 5 (5.8 s/
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Figure 3.Distribution of airborne asbestos concentrations in the outdoor,discharge,and inlet air. The rectangle stretches from the
25th to the 75th percentile with the median indicated by the horizontal line. Extreme values that lie more than 1.5 times the
interquartile range below the 25th percentile or more than 1.5 times the interquartile range above the 75th percentile are marked
by an asterisk. The range of the remaining data is shown by the vertical line.

cm^) ancj Unit 7 (1.09 s/cm^). The box
plots in Figure 3 show the distribution
of inlet air, discharge air, and outdoor
air concentrations on a log scale. Al-
though discharge air concentrations are
considerably lower than inlet concen-
trations, they tend to be higher than
outdoor air concentrations. The ex-
tremeoutdoor air value (2.8 s/cm^) was
measured at Site 2. This is an average
level over two days of sampling. The
first day of sampling showed an aver-
age outdoor air concentration of 5.6 s/
cm^, whereas the second day showed
an average concentration of 0.18 s/
cm3. The reason for the unusually el-
evated concentration on the first day at
Site 2 is unknown.

The overall t-test shows a signifi-
cant difference between the mean dis-
charge air concentration and the mean
outdoor air concentration (p<0.01).
The estimated ratio of the mean dis-
charge air concentration to the mean
outdoor air concentration is 4.6. If all

measurements from Site 2 (the site with filtration units in use at asbestos abate-
unusually high outdoor air concentra- ment sites can operate below minimum
tions) are excluded, this ratio increases filtering efficiency guidelines. Sixty-

one percent of the units tested in this
The TEM analysis of the 62 inlet study demonstrated efficiencies below

air, 62 discharge air, and 68 outdoor air the ANSI N509-1980 criterion of 99.95
samples yielded a total of 9811 asbestos percent. Sixteen (52 percent) of the 31
structures. Of these, 64 percent were units discharged airborne asbestos con-
chrysotile and 36 percent were amphi- centrations significantly greater than
bole. Particle lengths found in the dis- outdoor air levels. Overall, the mean
charge air of the 31 HEPA filtration asbestos concentration in the discharge
units ranged from 0.05 to 44 pm, with air was approximately five times
an average mean length of 2.3 pm. All greater than the mean concentration in
31 HEPA filtration units exhausted as- the outdoor air .
bestos structures greater than 0.3 pm in
length. Approximately 96 percent of hausted asbestos structures longer than
asbestos structures found in the dis- 0.3 pm. Approximately 96 percent of
charge air of the 31 units were longer the asbestos particles observed in the
than0.3pm. Approximately 10percent discharge air of the 31 units were longer
of all asbestos particles found in the than 0.3 pm. Assuming that HEPA fil-
discharge air were longer than 5 pm. ters are 99.97 percent efficient in filter-

ing particles with an aerodynamic
equivalent diameter of 0.3 pm, these
data suggest that the asbestos particles

This study has shown that HEPA in the discharge air are probably due to

to 6.7.

All 31 HEPA filtration units ex-

Condusions

1
1
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air bypassing the HEPA filter and, to a
lesser extent, particles passing through
the HEPA filter.

The primary purpose of a HEPA
filtration unit during asbestos abate-
ment projects is to prevent (in conjunc-
tion with containment barriers) the re-
lease of particulate to the surrounding
areas. Substandard performance of a
HEPA filtration unit can result in sig-
nificant concentrations of asbestos in
the unit’s discharge air. Damaged or
improperly installed HEPA filters,
leaks in the mounting frame, and leaks
between the mounting frame and the
housing, all of which would cause the
air to bypass the HEPA filter, are pos-
sible causes for the substandard perfor-
mance of a HEPA filtration unit. In-
place testing standards should be estab-
lished to ensure that the units are tested
at least by themanufacturers or, ideally,
by the contractors before they are used

on an abatement project. Project de-
signers should consider including in-
place performance testing of air-filtra-
tion units as a requirement in asbestos
abatement specifications.
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•Model Operations & Maintenance Program and Guide (How available on WordPerfect 5.1)
•Model Operations & Maintenance Book ol Forms (Now available on WordPerfect 5.1)
•Coming Soon: Lead Worker Awareness Training (currently under peer review process)
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! Training Offered by EIA

CALL TODAY
To place an order or
to schedule training

(at our Atlanta location or
at your site or facility)

Please call us at
(404)633-2622

I
•g.j'j'jV! I•AHERA 3-Day/24-Hour Asbestos Abatement Worker Training*

•AHERA Asbestos Abatement Worker Refresher Training*
•16-Hour Operations and Maintenance Worker Training
•2-Hour Asbestos Awareness Video and Manual
•2-Hour Louisiana Regulations Course
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