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Standard Test Method for
Air Cleaning Performance of a High-Efficiency Particulate
Air Filter System *

This standard is issued under the fixed designation F 1471; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope 2.2 Military Standard:

for measuring the penetration of test particles through high- ~ Clothing, Gas Mask Components, and Related Products:

efficiency particulate air (HEPA) filter systems using a laser ~ Performance Test Methéd

aerosc_>l. spectrometer (LAS). This test method prowdeg thg Terminology

capability of evaluating the overall effectiveness of HEPA filter o . )

systems consisting of one or two filter stages. 3.1 Del_‘|n|t|ons of Tgrms Specific to This Standard: .
1.2 The aerosols used for testing have a heterodisperse size3-1-1 diluter—a device used to reduce the aerosol particle

distribution in the submicrometer diameter range from 0.1 t°encentration to eliminate coincidence counting is in the LAS.
1.0 pm. 3.1.2 dilution ratio—the ratio of the undiluted aerosol

1.3 The purpose for conducting in-place filter testing by thigharticle concentration entering the diluter to the diluted portion
test method is in the ability to determine penetration ofof the particle concentration. Because diluters have inherent
multi-stage installations, without individual stage tests. Particld?@rticle losses that may vary according to the particle size, the
penetration as low as T8can be measured by this test method. dilution ratio may not be constant with respect to size.

Also, the LAS provides a measure of penetration for discrete 3-1-3 laser aerosol spectrometer (LASR precision particle
particle sizes. detector that allows single particle counting and sizing by the

1.4 Maximum penetration for an installed HEPA filter @mount of scattered light from individual particles, where the
system is 5< 107 for one filter stage, and 2.8 107 for two signals can be grouped into categories corresponding to par-

stages in series is recommended. ticle size. , , _
3.1.4 penetratior—the number of particles passing through

Note 1—Acceptance penetration criteria must be specified in thethe filter stage, to the number of particles challenging the
program, or owners specifications. The penetration criteria suggested l?pstream side of the filter stage. The penetration, or the

this test method is referenced in R@.? . . .
) _ challenge aerosol, may be associated for each particle size of
1.5 The values stated in Sl units are to be regarded as thgterest.

standard.
1.6 This standard does not purport to address all of the4. Summary of Test Method

safety problems, if any, associated with its use. It is the 4.1 A challenge aerosol produced by Di(2-Ethylhexyl) Se-

responsibility of the user of this standard to establish appro-hacate (DOS) or Di(2-Ethylhexyl) Phthalate (DOP) is injected

priate safety and health practices and determine the applicaypstream of the filter system and allowed to mix with the
bility of regulatory limitations prior to useSpecific precau- airstream. Using a LAS, samples of the aerosol are collected
tionary statements are given in Note 2. from the airstream through probes, both upstream and down-
stream of the filter system. With this test method, the penetra-
tion of the filter system can be calculated either as a function

2.1 ASTM Standards: of particle size, or in a particular size of interest. Due to high
F 328 Practice for Determining Counting and Sizing AcCu-particle concentrations that may be required to evaluate the
racy of an Airborne Particle Counter Using Near- performance of HEPA filter systems, it may become necessary
Monodisperse Spherical Particulate Materals to dilute the upstream sample to avoid errors due to coinci-

dence counting by the LAS.

- 4.2 If a diluter is required, the diluter system is calibrated

*This test method is under the jurisdiction of ASTM Committee D22 on Using lower particle counts of the same aerosol and using the

Sampling and Analysis of Atmospheresand is the direct responsibility of Subcom AS for the measurements (refer to Annex A1l for calibration).
mittee D22.090n 1SO TAG for ISO/TC 146.
Current edition approved Feb. 15, 1993. Published April 1993.

2 The boldface numbers in parentheses refer to a list of references at the end of —————————
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4.3 Heterodisperse submicrometer aerosols spanning thience counting losses in the LAS. The diluter must have
diameter range from 0.1 to 1.0 um are used in the testing. minimum particle losses over the size range of interest and that
5. Significance and Use the Ios_ses are constant with parti_cle size: Ca!ibration of the

' diluter is done with the LAS. The diluter calibration procedure

5.1 This test method describes a procedure for determining indicated in Annex A2. A schematic diagram of the diluter in
the penetration of aerosols through a one- or twostage HEP@glibration mode is shown in Fig. A2.1. The diluter calibration
filter installation. Testing multiple filter stages as a single unitp|ot is presented in Fig. A2.2. A typical diluter with dimensions
eliminates the need for: installation of auxiliary aerosol bypasss illustrated in Fig. A2.3.
dUCtS, installation of aerosol injection manifolds between filter 6.8 Aerosol Generatiofi—It is required that the generator
stages, and entry of test personnel into contaminated areas.pfoduce a particle-size distribution covering the diameter range
provides for filter testing without interruption of plant pro- from 0.1 to 1.0 um. It must have the capability of achieving up

cesses and operation of ventilation systems. ~ to 3000 p/s in gas streams when testing multiple-stage HEPA
5.2 The procedure is applicable for measuring penetrationgiter systems.
requiring sensitivities to 0.1 pm. 6.9 For streams where large volumes of aerosol are not

5.3 Achallenge concentration of 2:610° particles/cmi(p/  required, an air-operated or small gas-thermal generator may
cnr), is required for evaluation of one-filter stage, ang 40° be used.
p/cm?, or about 30 ug/L (assuming unit density), is required to .10 Injection ports, or manifolds, must be provided for
properly evaluate a two-stage HEPA filter system as one unigistributing the aerosol uniformly with the gas stream. Up-
5.4 This test method can determine the penetration of HEPAtream and downstream probes are required to extract aerosol
filters in the particle-size range from 0.1 to 0.2 pm where thesamples from inside the filter housing. The location of injection
greatest penetration of particles is likely to occur. ports and sample collection probes or manifolds must be
located in accordance with the requirements in Annex A3.
6.11 Itis recommended that sample lines between the LAS,
iluter, and the upstream and downstream probes be the same
))ze and material, and the same length as practicable.

6. Apparatus

6.1 LAS—The LAS is a particle detector for the purpose of
sizing and counting single particles in a gas stream. Up to 300
particles per second (p/s) can be counted with less than 10
coincidence, or electronic loss at its maximum flow rate. The7. Reagent and Materials

quantitative particle size distribution shall be a distribution by 7 1 bop or DO% is used as the liquid material to form test

number, not mass, volume, or surface area. aerosols.
6.2 The test aerosol should be in the diameter range from ; » Polystyrene Latex Spheres
0.1to 1.0 pm.

6.3 The primary particle-size calibration of the LAS by the 8. Calibration and Standardization
manufacturer shall be based on at least three sizes of mono-g 1 perform the primary calibration of the LAS by the

disperse polystyrene latex spheres (PSLs), covering the dynstrument manufacturer or by qualified personnel using ac-
namic range of the LAS. Calibration standards must beeptable standard methods in accordance with(®ePerform
traceable to the National Institute of Standards and TeChnOlOgé’a”brations at regu|ar twelve-month intervals and fo”owing
(NIST). any repair or modification of the instrument. Place a label
6.4 Sample flow accuracy through the LAS of5% is  showing the due date of the next calibration on the instrument.
required, based on the manufacturer’s specifications. (Refer to g 2 A check calibration by the operator is recommended
manufacturer’s guide for altitude adjustments of the sampleeriodically if the instrument is used continuously or is moved
volume.) to a new test location requiring vehicle transportation or rough
6.5 The LAS must have the capability for producing ahandling. The calibration check consists of testing the LAS
listing of the particle size distribution over the LAS range. A with at least two sizes of PSLs. The LAS must correctly size
standard RS-232C interface signal for line printers, tapghe calibration aerosols and reproduce the spectral peak to
recorders, and computers is usually provided with the instruwithin 0.05 pm. If the instrument cannot be adjusted to within
ment. those calibration limits, then it must be returned to the
6.6 For calibration aerosol having a median size two timesnanufacturer for service and calibration. Annex A1 describes a
the minimum detectable size of the LAS, the relative Standaf%rocedure for calibration of the LAS.
deviation of the particle size distribution indicated by the LAS, 8.3 Aerosol Diluter—It is recommended that the same
shall not be increased more than 10 % over the actual relativgerosol used in the in-place testing be used for diluter calibra-

standard deviation of the calibration aerosol. tion. If more than one dilution stage is required, each stage
6.7 An aerosol dilutéris required to reduce the number of

particles of the upstream sample to avoid significant coinci-
7 Aerosol generators are available from the following sources: Air Techniques
Division of Hamilton Associates, Inc., Baltimore, MD 21207, Particle Measure-
S Laser aerosol spectrometers are available from the following sources: Particlments Systems, Inc., 1815 South 57th Court, Boulder, CO 80301 (Calibration), and
Measuring Systems, Inc., 1815 South 57th Court, Boulder, CO 80301, TSNuclear Consulting Services, Inc., P.O. Box 29151, Columbus, OH 43229.
Incorporated Particle Instruments Group, P.O. Box 64394, St. Paul, MN 55164, and © Di(2-Ethylhexyl) Phthalate (DOP) and Sebacate (DOS) are available from C.P.

Met One, Inc., 481 California Avenue, Grants Pass, OR 97526. Hall Co., Chicago, IL 60635, and Nuclear Consulting Services, Inc., P.O. Box
8 Available from TSI Incorporated Particle Instrument Group, P.O. Box 64394 St.29151, Columbus, OH 43229.
Paul, MN 55164. 9 Available from Duke Scientific Corp.. Palo Alto,B@@u mentS
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must be calibrated independently. A procedure for calibratiorthe sample line from the LAS to the diluter. Sampling periods
of the diluter using the LAS is outlined in Annex A2. are usually 20 s, refer to Annex A2.
9.8 Purge the sample collection system and zero the LAS
9. Procedure before proceeding to the next step in the procedure. The
9.1 An example of an in-place filter test system and sampurging procedure is described in A2.1.2 of Annex A2.
pling arrangement is illustrated in Fig. 1. Components include 9.9 Accumulate two successive samples from the down-
the gas-flow duct, filter housing with filters, the LAS, diluter, stream location. Sampling time periods should be selected to
and aerosol generator. yield net particle counts over background of at least 100.
9.2 Aerosol Mixing Uniformity Tests- Conduct these tests A10-min sampling period is usually sufficient. The difference
upon completion of initial installation and after any modifica- between each set of samples shall not exceed 5 % of the larger
tions or repair to the filter system. It is not required to conducicount. If penetration of only one filter stage is being measured,
these tests each time the in-place test is performed. Howeveghorter sampling times may be used because of higher particle
if aerosol mixing and sampling parameters are changed, thetbunts. If significant penetration is experienced downstream of
new air aerosol mixing uniformity tests are required. Refer toone-filter stage and coincidence counting is suspected in the
Annex A3 for procedure. LAS, then the diluter must be used in the sample line. See 6.1
9.3 Measure the airflow of the test gas stream and thend 6.7.)
resistance across the filter stage following the procedure
outlined in Annex A3. 10. Calculation

9.4 Establish the arrangement of sample lines between the 15 1 cicylate the penetration of the filter system for each

probes, the diluter, and LAS. Make the upstream and downgjiscrete particle-size. The equation holds for each specific size
stream sample lines as equal in length as practicable. rParticIe diameter as:

9.5 Because of expected low particle counts that can pe
etrate HEPA filter systems, it is necessary to measure the p=
non-test particles in the gas stream to serve as background
samples. With no aerosol generation and no sample dilutionyyhere:
use the LAS to sample the gas stream from the downstreanp
sample probe only. Collect samples at this location for theC,
same duration as will be required for the test aerosol. TheC,
background particle counts may vary depending on externalC, particle counts upstream, and
leaks to the filter housing, but should not exceed 30 % of theD dilution ratio.
expected test aerosol. If higher background particles are found 10.2 To calculate the uncertainty of the upstream and
than those suggested and if leaks in the filter housing ardownstream penetration measurements, a theoretical value was
suspected, they must be plugged before testing can continueised in the following equation. The value is based on standard

9.6 Generate the challenge aerosol at the suggested partiggeopagation-of-error techniques neglecting covariance terms
concentration, see 5.3. and using Poisson statistics to estimate uncertainties. The
equation is as follows:

Ca= Gy
<o &)

penetration,
particle counts downstream,
particle counts of background,

Note 2—Caution: Avoid unnecessary loading of the filters by the test
aerosols by injecting the aerosols only when ready to perform penetration cV, = [(PNTd)’l + (D/(NTy)) + CVDZJM 2)
measurements.
here:

9.7 Collect samples from the upstream probe and establislgv ~ coeficient of variation for penetration
P - ]

the challenge particle count. This is accomplished by switching

Spectrometer

Dowa s trzam Upstream
2ample Sample
{ lL HEPA [Plenum|HEPA = -—
Aerosol
Generator
FIG. 1 Schematic Diagram of the In-Place Test Arrangement DOCU mentS
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P = aerosol number penetration, 12. Precision and Bias
1'\_1 = 3gwhusttergalmsé:)%%?ncotlfr%tera;e’ counts's, 12.1 Precision—The precision of this test method for evalu-
Dd _ dilution ratio 9 T ating the air cleaning performance of a high efficiency particle
T = upstream co'unting time. s. and air-filter system is being determined.

u ) 1
CVp, = coefficient of variation for dilution ratio. 12.2 Bias—Since there is no reference material suitable for
11. Report determining the bias for this test method, no statement on bias

' P ) , o is being made.

11.1 The results of the testing shall contain, at a minimum,
the following |tems:' 13. Keywords

11.2 Date of testing, o

11.3 Identification of the filter system, 13.1 aerosol dilution; aerosol generator; average penetra-

11.4 Penetration values, as a function of particle size,  tion; background particles; challenge aerosols; coincidence;
11.5 The size for reporting the interval data may be eithecompressed-air nebulizer; dilution ratio; fractional penetration;
the minimum and maximum diameter for each interval or theHEPA, laser aerosol spectrometer; test aerosols
geometric mean for the interval, and
11.6 Printed names and signatures of test personnel.

ANNEXES
(Mandatory Information)

Al. LAS CALIBRATION

Al.1 The calibration procedure uses an aerosol having ajpressure regulator to deliver 250 ¥mat standard temperature
particles of one size. Polystyrene latex spheres, (PSLs) a@nd pressure of air at 69-kPa pressure. The compressed-air
generated using a compressed-air nebulizer. The nebulizer $®urce must not deliver any water droplets to the generator. If
contained in a metal box with two chambers for diluting andwater is a concern, install a water trap before the generator.
drying the aerosol which contain an air-pressure regulatoiConnect the generator’s output directly to sample inlet of the
dilution air control valve, and rotameter. LAS. The nebulizer connects into a rubber stopper in the

dilution chamber. The nebulizer has small internal passages for

Al.2 A schematic view of the calibration generator isthe air jet and the feed tube. These passages can become

shown in Fig. AL.1. The aerosol generator must be connectggfugged if the PSL suspension is allowed to dry in the
to a compressed-air source that will allow the generator’é‘Eb“"zer- Upon completion of the calibration check, flush out
the nebulizer with clean distilled water.

Sample to
LAS-X
. — —] Exhaust
Nebulizer Filter
Pressure ( )
Compressed Regulator
Air In r—|

Dilution Air
Fiow Control Dilution
and Indicator Chamber

FIG. Al.1 Diagram of PSL Calibration Aerosol Generator
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