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Two filter media performance test nethods are now in the "round-robbin" phase
of standards devel opnent under the auspices of ASTM F-21.20 Gas Filtration
Subcomm ttee. These procedures are potentially applicable to eval uating
respirator filter nedia and air-purifying elements. They appear to offer

di stinct advantages over several current 30 CFR 11 test nmethods. This report
summari zes the devel opnent and present status of F21.20 voluntary concensus
standard test nethods for (1) determining filter media fluid flow
characteristics in terms of pressure drop as a function of face velocity and
(2 determining initial filter efficiency as a function of challenge aerosol
size and face velocity of test. :

Setting the scope for filter nedia performance test nethods proved to be a
difficult job for F21.20, as it involved consideration of the inpressive list
of factors shown in FIGQRE 1.

During the early stages of test nethod development, F-21.20 realized that it
would not be able to include all these desirable features in one technically
sound standard. Since a procedure for determ ning the efficiency of |oaded
nmedi a would have to be closely related to the method adopted for
characterizing clean nedia performance, work on a |oaded nedia test method was
deferrea.

There was strong sentinment for devel opi ng bench-scale nmethods for estinating
nmedi a performance w thout having to resort to full scale equipnent
configurations. The subconmittee also preferred using the same test stand for

both resistance and efficiency determnation. In addition, we wanted test
net hods which would allow ready comnparison of different types and
configurations of nedia in common terns - in order to elimnate the apples and

oranges state of affairs prevalent today in filter nedia performance data.
Finally, F21.20 filter media test nmethods would have to lend thenselves to
use in quality control, product devel opnent, basic research, product

sel ection, specification and acceptance testing.

Not wi shing to throwout the baby with the bath water, Fr-21.20 acquired and
revi ewed many avail abl e procedures for characterizing filter nedi a
performance. These are listed in FIGJRES 2 and 3, In addition to all these,
nunerous papers - including those turned up by APCA and EPA literature
searches, on fluid flow measurenment, optical particle counting, aerosol
generation, isokinetic sanmpling and so on, were studied for relevancy and
usef ul ness.

After much discussion and nmany sessions of devil's advocate role-playing,
close investigation of pertinent articles, surveys of commercially avail able
equi prent, prelimnary "hands-on" experience with new techniques - such as the
guarded ring apparatus - or lab trials with candidate devices, F-21.20 arrived
at a concensus which resulted in the current draft test methods for fluid flow
characterization and initial efficiency determn nation.



- 96-

Rather than subject you to the lengthy texts of these tw test methods, I'd
like to highlight the features of each, at |east as F-21.20 members see them

First, the draft standard test nethod for determining media fluid flow
characteristics:

The nmajor technical considerations with any flow resistance standard are

fivefold: flow measurement, pressure drop measurement, Speci nen nounting
techni ques, data collection and reporting and provision for correction to
standard conditions. The draft now bei ng conpl eted includes a nunber of

special features, in addition to addressing these five areas:

() Wse of coupon sanpl es.

(2 Qiterion for determning whether nedia should be handl ed by the
procedure option for inconpressible nedia.

(3 Requirerment for flow neasurenment with devices conforming to ASME
specifications.

(49 ptional procedure, based on the guarded ring technique - as
illustrated in FIGRE 4 - for use with conpressible nmedia, flat
panel s of pleated media and unconstituted bulk nedia. (Briefly, this
techni que enploys a parallel, evenly distributed air flow directed
perpendi cul arly through the sanple. Wthin the apparatus the air
flow is divided into "guard" and neasuring areas concentrically
positioned. The two areas have separate air supplies and air flows
are regulated so that the differential pressure between guard and
measuring areas is zero. This in effect, seals the sanple and
prevents edge leakage.)

(5 Description of functional properties of media in terns of face
velocity (v), fluid viscosity (U, specific resistance (Q and
pressure drop (Delta P. Delta P = Cw

(60 Requirenments for test roomconditioning as regards control of
tenperature, pressure and humdity.

(7 Suggested design for test stand

(8 Discussion of the use of a lamnar flow el ement
(9 Statistical guidance on speci nen sanpling

(100 Requirements for medi a conditioning

(11) How measurenent calibration procedure

(12) Techni ques for preventing edge | eakage
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(13) Suggestions for nmeasurerent of | ofty medi a thickness under flow
condi ti ons

(14) Techniques for nmounting and supporting test specinens

(15) Options for either single or nmultiple-point determnation of fluid
flow characteristics.

(16) Procedure for reducing data to standard conditions of temperature and
pressure (altitude)

(17) Provision for graphic presentation of multi-point data

(18) Procedure for calculation of inertial and viscous perneability
coefficients for describing nmedia with non-linear flow behavior

(199 Prelimnary guidelines on data precision
Second, the prelinmnary procedure for determining cl ean nedia efficiency:

Wien it comes to describing the key features of F-21.20's prelininary test
procedure for initial nedia efficiency, the story becones a little nore
conplex - by virtue of the tentative status of the procedure as well as the
difficulties associated with previous attenpts to provide reproducible filter
medi a ef ficiency test methods. '

Any efficiency test method, however, will consist of three conponents -
aerosol generation, including conditioning; aerosol transport and sanple
extraction; and detection. The prelimnary procedure being investigated by
F-21.20 utilizes a solid, monodi sperse aerosol as a challenge test agent and a
single channel, forward-light-scattering optical particle counter for

det ecti on.

(A Monodi sperse vs. Pol ydi sperse Aerosol

F21.20 deci ded to use a nonodi sperse aerosol rather than a
pol ydi sperse one for two reasons:

() use of a nonodi sperse particle reduced the potential error
due to non-isokinetic sanpling and line |osses

(2 use of a nonodi sperse aerosol elimnated the need for
relatively expensive and sophisticated nulti-channel analyzers
in the detection phase

(B  Aerosol Generation Technique

Sel ection of an aerosol generation techni que was probably the
most difficult part of the test method devel opnent work.

F21.20 surveyed commrercially avail abl e devi ces, including

spi nning disc. vibrating orifice and fluid atom zer designs;
exam ned generator perfornance specifications and consulted with
manufacturers. Two factors finally influenced F21.20 agai nst

4 the use of these relatively sophisticated devices:
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() aerosol concentration, flow rate and particle size could not
each be controlled independently

(2 F21.20 members who had '"hands-on" working experience wth
sone types of nonodi sperse aerosol generators were dissatisfied
with their routine operation, particularly in terns of a method

‘suitable for QA applications. Furthernore, objective

confirmation of both aerosol size and distribution would still
be needed. (Wen nonodi sperse aerosol generators are thensel ves
used for calibrating optical particle counters size and
distribution are assunmed based on cal cul ati on from generator
operating conditions.) This need for independent verification
of aerosol size/distribution would require the detection
systenfs) to both count and size the aerosol - a significant
consideration in looking at the cost of equipment needed for the
proposed met hod.

F21.20 finally returned to consideration of aerosol generation
by atomzation using sinple nebulizers - an approach whi ch has
an extensive use history. Nebulization of suspensions of
pre-sized uniformlatex spheres offered a sinple, direct and
possi bly inexpensive method. These spheres are available in a
OMD range of 0.087 um to about 900 um.

Wiile this approach is not without its own pecul ar interferences
- fromdoubl ets and residues - techniques have been reported in
the literature for their elimnation. |In addition, one F21.20
nmenber had had direct experience with this technique in a QC
application and had found it satisfactory.

(Q Aerosol Dlution, Dying and Neutralization

(D

Regardl ess of aerosol generation system the aerosol would
require dilution, drying and conditioning of its charge to a
reproducible level. This is usually done in a single operation
in coomercially available generators by transporting the aerosol
t hrough commercially avail abl e tube sources of Krypton 85 using
flowrates appropriately matched to the desired face velocities
of test. A simlar approach would be used by F21.20 in its
medi a efficiency test nethod.

Test Stand and Sanpling System

Atentative test stand design, shown in FIGQURES 5 through 10,
was devel oped for use in the prelimnary interlaboratory study.
Ducting and rmounting section dinmensions were specified to assure
a uniformvelocity profile across the face of the sanple. The
size and configuration of the aerosol sanpling and transport
systemwas specified to mnimze line losses. The materials of
construction for the test stand were chosen for ease of
fabrication. The need of isokinetic sampling remains to be
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confirmed. (Prelinmnary work in one lab did appear to indicate
that concentration nay be sensitive in this regard.) Qher
modifications in design of materials used for the test stand may
be necessary. The results of the "round-robbin'" now in
progress, should provide guidance in this area.

(B  Detection System

Selection of a detection systemwas greatly sinplified by the
use of pre-sized nonodi sperse aerosol. The task of sorting out
the capabilities and limtations of commercially available
optical particle counters was greatly reduced since a very
thorough review, prepared by one of the technical commttees of
APCA, was nade available to F-21.20 by the author. The
detection system sel ected by F-21.20 woul d use the same
forward-light-scattering single channel analyzer for alternately
counting upstream and downstream concentrations per unit tine.
Wse of a single channel (PC was preferred, since this hel ped to
keep test equipnent costs to a mninmum and when used in
conjunction with uniform | atex spheres, reduced considerably the
conpl exity of detection system calibration.

(P Cost Estimate

Test stand fabrication was expected to cost less than $1,000;
singl e channel anal yzers, possibly between $3,000-$4,000.
Uniform | atex spheres, sufficient for ten hours of testing, were
anticipated to cost no nore than $25.00 per dianeter.

Nebul i zers are readily available and quite inexpensive.

So nuch for the ASTM filter media test nethods thenselves. There are,
however, several considerations which deserve our attention, in applying
F21.20 filter nedia test nethods to air-purifying respiratory protection:

() The interlaboratory reproducibility of both F21.20 test procedures is
in the process of being established. Round-robbin sanples were to include
one respirator filter nedia for which ASTM E-34.14 al ready has
interlaboratory silica dust and sodium chloride performance data. Results
of the F21.20 interlab should indicate to what extent these new test

met hods offer inprovement over existing procedures with respect to
reproduci bility.

(20 F-21.20 test nethods characterize the performance of filter media and
as such would be applicable to respirator filter nedia or particul ate
air-purifying elenents, but not to devices themselves.

(3 The F21.20 initial media efficiency standard will not specify which
aerosol diameter(s) are to be used in nedia characterization.

Monodi sperse aerosols representative in size of respirable particulates
woul d have to be selected for use in respirator filtration applications.
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(9 The F-21.20 initial nedia efficiency test method will stipulate the
use of a solid aerosol, while media characterization for use in
respiratory protection may require utilization of liquid, fibrous or
wetted solid aerosols.

(5 It may be possible to characterize various types of media or
air-purifying elenents with multi-point Delta p vs. face velocity and
efficiency vs. face velocity and aerosol size data first, then sel ect
critical data points for use in QGspecifications-certification. Qitical
data points mght be based on size/velocity or Delta p/velocity paraneters
which result in either (& greatest air-purifying el ement penetration or
resistance or (b) highest potential for adverse physiol ogical consequences
- or both.

(6 Finally, F21.20 has not yet tackled devel opnent of a test nethod for
| oaded media. Wth respect to air-purifying elenents for respiratory
protection, selection of representative challenge aerosols as predictors
of end-use performance nmay be quite difficult. Characterization and
duplication of workplace particulates in terns of size, distribution,
shape, charge, physical state, reactivity concentration, anbient
tenperature, hunmidity and pressure might all be necessary to afford
reproduci bl e and neani ngful results. Increnental field-|oading of
air-purifying el enents, followed by |lab testing using ASTMmet hods, may
offer a viable alternative.

This concludes the end of the formal, planned presentation on ASTMfilter test
met hods. However, Or. pold has asked each of the workshop participants to
comrent on four additional topics. Wiat follows is entirely ny own opinion,
and both unrel ated and unendorsed by ASTM or F21.20.

Wth regard to respirator filter technology sufficient data exist to indicate
that:

() the performance of particulate respirator filter elenents
substantially influences the overall |evel of protection provided by both
powered and non-powered particulate air purifying respirators

(2 a fair nunber of variables have potential to influence filter elenent
per f or mance

(39 respirator filter test nethodol ogy used in 30 GFR 11 or devel opnent al
systens such as NaCl, does not provide sufficiently reproducible results,
due, in part, to the high nunber of inconpletely specified test conditions

(49 filter element performance involving el ectrostati c mechanicsms nay
deteriorate due to exposure to el evated tenperature, humdity, solvent
vapors or oily residues, but also exhibits unique penetration/resistance
perfornmance rel ati onshi ps

(5 Filter elenents functioning solely through nechani cal nechani sns can
exhibit relatively high penetrations during |oading until a nore efficient
particulate filter is deposited

(60 a real need for thorough characterization of filtration performance
and standardi zed test methods for eval uating and reporting the funcional
properties of filters
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(7) field-loading of filter elements in conjunction with before and
after lab evaluation of filtration performance agai nst respirable

chal l enge aerosols may offer a satisfactory approach for eval uating
the end-use perfornance characteristics of particulate air-purifying '
filters

(8 those workplace environments in which protection afforded by
particulate air-purifying filter elements may be considerably |ess
than anticipated on the basis of 30 CFR 11 approval tests

her hand, | believe that insufficient data exist to indicate:

() whether ASTM £-21.20 filter test methods described here today
are adequately reproducible, offer inprovenment over existing
procedures and are adaptable to evaluating filter element perfornance

(2 the extent to which potentially significant variables influence
respirator filter performance at the flow patterns and filter face
vel ocities specified by device design, under the end-use
environmental conditions against broadly different types and
concentrations of hazardous particulates likely to be encountered in
t he workpl ace

(3 the extent to which |aboratory-produced aerosols are
representati ve of the hazardous species encountered in the workpl ace
(msts, pesticides, paint spray, etc.)

(9 whether laboratory test methods can adequately reproduce end-use
particulate environments for evaluation of the performance of
functioning filters

(5 what particle size range is physiologically harnful, not merely
respirable, and whether this critical size range varies substantially
with the nature of the hazardous species

(6 what levels of breathing resistance are, in fact, medically or
psychol ogi cal | y unacceptable for negative pressure air-purifying
devi ces

(77 what flows of breathing air are acceptable for different |evels
of work | oad

(8 what maxi mum tenperature and humdity exposure periods filter
el emrents should withstand w thout functional deterioration

(9 those workplace environnents in which the perfornmance of
existing particulate air-purifying filter elements is seriously
i nadequat e, reasonably suspect, adequate or nmore than adequate

(100 for those workplace environnents in which the perfomance of
existing particulate air-purifying filter elenents are either
seriously inadequate or reasonably suspect, the nunber of users
potentially affected and the probable severity of health consequences

(11) what minimmuse period filters should provide in various
envi ronrent s
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As for research needs, it is not difficult to list a nunber of areas which
seemto need nore or less inmmedi ate attention:

() filter performance at particulate concentrations substantially | ower
than approval test |evels

(2 electrostatic filter environnental stability

(9 filter performance against fibrous and other irregularly shaped or
size-distributed particulates

(49 filter perfornmance agai nst mxed physical state particulates (G¥
(5 filter perforance against high and low resistivity particul ates

(6 filter performance against oily msts and residues (pesticides)

(7 filter performance against reactive particul ates (isocyanates)

(8 role of filters in air-purifying el enent performance against |iquid
systens of internediate BP WP

Priorities should be assigned on the basis of anticipated severity and
frequency of potentially adverse health affects to users if filter
perfornance deficiencies continue. It nay al so be appropriate to take into
account the anticipated technical difficulty in defining and correcting
filter performance deficencies in conparison to the effort which would
probably have to be expended in devel opi ng other rmodes of user protection.

Lastly, regarding nethods for inproving both international coordination and
cooperation. Qertainly this Internationsl Vérkshop sponsored by NIOSH is a
very inportant first step. | congratulate Ir. Oppold and his staff for
giving international cooperation such a fine start. But--where do we go from
here in the area of filter media for respiratory protection?

First of all, the ASTM F-21.20 net hods described here are still in draft
form The subcommittee is open to input fromanyone who wi shes to offer
technical comment. V¢ would especially appreciate infornmation about other
test nmethods (1) which may be adaptable to filter media characterization, (2
which differ in principle fromthose approaches already exanined or (3) which
differ in practice fromour collective experience or expectation.

| encourage those of you who may be in a position to comrent constructively
on F-21.20 methods and/or participate in inter-laboratory trials of proposed
test methods to join ASTMand the F-21 Filtration Committee.

Snce | amnot yet faniliar with the status of respirator filter media
technology outside the US, | can only guess that it is limted and quite
possibly inconpletely identified. | had hoped that the Filtration Society
mght see its way towards locating and coordinati ng work on respiratory
filtration - especially infornation on end-use perfornmance - on an
international basis, but the current Chairnan V&l |s Shoenaker was not at all
encouraging in this regard, primarily because these activites are beyond the
scope of the organization and the fact that there is no paid staff to carry
out admnistration.
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Sone internati onal exchange m ght be possi bl e through IS0, but participation
can be expensive. In addition SO Commttees have had difficulty in
attracting international participation even in sone technical areas which
enjoy maj or commercial interest. Attenpts to work through 1SOin the
filtrati on area have been unsuccessful. There is an | SO Committee for
Personal Protective Equipment and dothing but its Respirator Subcommittee is
i nactive and unassigned. Wiile it seens that an appropriate nmechani smfor
international cooperation and coordi nation does exist in 1ISO, interest in
supporting this activity seens to be |acking.

Finally, the Anerican Industrial Hygiene Association, even though a US
organi zation, does have a fair nunber of international menbers - but, at the
present tine, the technical commttee structure and scope is ill-defined and
participation is voluntary, unsupported financially or admnistratively and
limted in nenber duration.

Consequently, | wel cone any suggestions the other workshop participants will
have for international cooperation and coordination.
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FIGURE 1 - SETTING THE SCCPE FCOR FI LTER MEDIA TEST METHIDS
I. Types of filter nedia to be acconodat ed:

Paper Non-wovens
Pl eated nedi a
VWven textiles Lofty batts
H at panels
Knit textiles Wre screen
Unhconstituted bul k nedi a
Felts Foam (activated carbon, etc.)

I1. Types of nedia applications to be accoomodated in terns of end-use face
velocities, particle size and |oadi ngs:

Engine and turbine inlet air filters
Air-conditioning and ventilating filters
Industrial air and gas-cleaning fabric filters
Respirable air-cleaning filters

I11. Types of performance infornation desired:

Pressure drop at one or nore face velocities

Lamnar and turbulent flow characteristics

A ean nedi a efficiency at various face vel ocities agai nst
a range of challenge particle sizes

Loaded nedi a efficiency agai nst a range of challenge particul ate
sizes and/or types of dust | oadings

IV. S ze, cost and sophistication of the filter nedia test stand and
associ at ed

equi pnrent to assure that procedures woul d be practicabl e and accept abl e
to:

Medi a nmanuf acturers

Filter fabricators

Filtration equi prent producers
Filtrati on equi prent users
Regul at ory agenci es

et e



- 105-

FIGURE 2 - EX STING PROCEDURES FCR CHARACTERIZING FILTER MEDIA FLU D FLON PERFCRVANCE

ASTM TEST METHCDS D 202-76 Sanpling and Testing Untreated Paper Used for

I nsul ati on

D 376-70 Standard Specification for Holland Qoth

D 461-70 Sandard Methods of Testing Felt

D 726-71 Standard Methods of Test for Resistance of Paper to
Passage of Air

D 737-75 Standard Method of Test for Air Perneability of Textile
Fabri cs

D 1117-74 Standard Method of Testing Non-Vdven Fabrics

D 2752-72 Test for Ar Perneability of Asbestos Fiber

El ectri cal

FEDERAL
SPEQ FI CATI ONS 191-5450 (1968) Perneability to Alr, Coth; Calibrated Oifice
191- 5452 (1968) Pel\/rﬁ:rgggi lity to Ar, doth; Falling Cylinder
191- 5460 (1968) P’\I::rt:ggbi lity to Hydrogen Gas, doth
TAPPI T 460-68 Air Resistance of Paper - Falling Cyli nder Met hod
O'HER SOURCES: Owens-Corning Medi a Flow Reistance Tester (LEE)

Johns-Manville Method for Determining Ar Perneability of Lofty,
Conpr essi bl e Medi a
FOREl GN STANDARDS: French Norm FN 95352 Powder Metallurgy Determnation of F uid
Perneability of S ntered Porous Parts
Snedi sh NSIMT 262-1970 Method for Determination of Ar Perneability

of Insultating Materials According to the
Quarded Rng Principle
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FIGURE 3 - EXISTING PROCEDURES FCR CHARACTERIZING H LTER
MED A BFH A BNCY PERFCRVANCE

ASHRAE S andard Air-Conditioning and \entil ating
52-76 Filters
SAE 726 Internal Combustion Engine

Ar Intake Filters

30 OFR 11 Particulate Air-Purifying Respirator
Approval Tests

MIl. Sand. 282 DCP Testing of Hgh Eficiency Flters
ANS| 510

BS 4400 NaCl Test Methods for Respiratory
BS 3928 Protective Devices and Filters

BS 2831 Met hyl ene Bl ue Testing Of Filters
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FIGURE 5
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FIGURES 7 & 8
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