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ABSTRACT

A device for testing particul ate respirators for solid
particul ate aerosol % penetration with mass |oading has been
devel oped according to the ANSI 788 Committee for Respiratory
protection specifications presented to NIOSH as a revision to
present respirator certification standards. A description of
the test apparatus is given. Conparisons of the perfornmance of
present respiratory filter devices are done. Conparisons of
the performance of filters on the new solid particulate test to
the liquid particulate QL27 DOP penetroneter test are presented
at different flowates

| NTRODUCTI ON

In the past the need for the devel opnent of respirator
tests were based on the prevalent industrial aerosols
Mortality rates in the mning and quarrying industries
necessitated the devel opment of a silica dust respirator test
(Federal Register, 1972). Heavy netal poisoning in the neta
industries inspired the devel opment of the lead fune test
(Federal Register, 1972). The need for a "worst case" nost
penetrating aerosol test for the growi ng nuclear industry and
mlitary applications brought forth the DOP test.

Concern over respirator testing in the United States has
mani fested itself in the formation of commttees in
prof essional societies and testing organizations: AIHA, ASTM,
and ANSI, as exanpl es. The Federal government, respirator user
i ndustries, and respirator manufacturers have all strongly
contributed to resolving this concern through consensus on
met hods of testing for end use.

ANSI 788 COVM TTEE RECOMMVENDATI ONS

The Anerican National Standards Institute (ANSI) Z88
Commttee for Respiratory Protection reviewed in great detai
the efficiency testing of all types of particulate renpving
respirators. Their objective was to recomend to The Nati onal
Institute for Occupational Safety and Health (NCSH revisions
to present particulate respirator certification tests which
woul d i nprove the nethods of classifying particul ate
respirators into end use categories. A final report was
submtted to NIOSH on January 29, 1982 (ANSI Z88 Committee,
1982) .
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The comm ttee concluded that current certification tests
used for evaluation of respiratory efficiency were based on
1920-1930 technology. The commttee also concluded that
modi fication of these procedures would not yield a significant
| nprovenment in the ability of the tests to assess respirator
performance. As a result, new concepts in respirator testing
were to be devel oped and eval uated.

Shortcom ngs of the current tests according to the ANSI
Z88 conmttee were:

1. Inability to ascertain the level of particle penetration
of the filter media at any given tinme throughout the test.

Examples:a. Filters that have acceptable initial
efficiencies, but, as particle |oading
progresses, have efficiencies which degrade to
unacceptabl e levels.

b. Filters with unacceptable initial efficiencies
whi ch only have acceptable efficiencies after
a particulate challenge clogs them

2. The silica and lead fume test aerosols used for
certification, while representative of certain industria
aerosols, are not "worst case" test aerosols with the
greatest ability to penetrate filter nmedias. These nopst
hi ghly penetrating aerosols (as described below) can be
used to discrimnate between filter medias in tests with
good resolution and reproducibility.

Since existing literature (Lee and Liu, 1980) i ndicated
that the nost difficult particle size for a filter to renove
lies between .1 and .3 mcrons, tw test aerosols presently in
use were considered for providing the data necessary for
respirator classification.

a. Solid Particulates: Sodium chloride having a particle
size of approximately .12 m crons diameter (transmission
el ectron mcroscopy count geonetric mean) and a geonetric
standard deviation less than 1.6.

b. Liquid Particulate: Dioctyl phthalate (pop) having a
particle size of .3 mcrons dianeter (optical wavel ength,
a particle sizing method which gives no geometric standard

deviation).

Li ght scattering photoneters were recommended for use as
the nmethod for measuring concentrations upstream and downstream
of a challenged respirator filter to determ ne particul ate
percent penetration. Wth photonmeters, continuous filter
penetration could be nonitored throughout the test during
particulate loading.
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Here is a condensation of the ANSI Z88 Comm ttee
Particul ate Respirator Testing Procedural and cClassification
Recommendati ons to NIOSH (ANSI Z88 Comm ttee, 1982):

1. Pre-condition respirators at 100°F, 85% RH for 24 hours
previous to aerosol testing.

2. Particulate testing will be against 100 ng total | oading
of particulate at 32 1lpm Concentration is maintained at
no more than 200 ng/m with a tenperature of 25 + 5°C and
a RH of less than 30%

3. ANSI performance recommendati ons are:
% PENE. | NI TIAL I NI TI AL FI NAL FI NAL
SHALL 85 LPM 85 LPM 85 LPM 85 LPM
NOT | NHALATI ON  EXHALATI ON | NHALATI ON  EXHALATI ON
CLASS EXCEED RESI STANCE RESI STANCE RESI STANCE RESI STANCE
1 5 50 mmH,0 20 mmH,O0 90 mmH,O 20 mmH,O
2 1 50 20 90 20
3 .03 50 20 90 20
Ot her requirements dealt with rapid changes in efficiency
wi t h | oadi ng: If at the end of 100 ng aerosol challenge
the penetration is increasing rapidly, |oading shall
continue until no further increase in penetration occurs.

LI QU D PARTI CULATE TEST

The DCP test (Q27, Air Techniques, Inc.) for filters was
desi gned and has been used for years not only to test high
efficiency filters, but to grade flat filter medias of |ow
efficiencies as well. | won't address its applicability to
m st aerosol testing in this paper since it is already a well
known test.

SCLI D PARTI CULATE TEST

The sodium chloride test apparatus (MDA Scientific, 1Inc.)
was chosen as described in Shibata, et al, 1983 Thi s
equi pment was manufactured by the Sibata Chem cal Apparatus
Conpany, LTD, Japan and consists of two parts: A sodium
chl oride generator and a filter % penetration test system (see

Figure 1).
A. SODI UM CHLORI DE  GENERATOR

The sodi um chloride generator used to produce the solid
particul ate aerosol consists of four parts:

1. M st Generator Stage: 10-20% Nacl aqueous solution is
continuously fed to a glass nebulizer.
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2. M st Classification Stage: wusing a |low pass impactor
with an 80% cutoff efficiency for .6 mcron diameter
particles.

3. Particle Formation Stage: the mst is mxed with
clean, dry air and heated to 180°F to form dry NacCl
particles.

4. Dilution M xing Stage: for concentration control

On our unit, we have added a diffusion dryer to neet the
Z88 Commttee restrictions on % relative humdity and an
aerosol electrostatic charge neutralizer to create a
stable test aerosol.

The particle size depends on the nmethod of analysis.
Transm ssion electron mcroscopy inmage analysis gives a

di stribution of .12 m crons count geonetric nmean di ameter
with a geonetric standard deviation of less than 1.8. The
TST Model 3030 El ectrical Aerosol Size Analyzer gives an
equi val ent Stokes count geometric nmean dianeter of .09

m cronmeter with a geonetric standard deviation |less than
1. 6.

B. % PENETRATI ON DETECTI ON

A Sibata Series 63 filter efficiency test system (see
Figure 1) wuses upstream and downstream photonetric
detection. The signals from each of the photometers are
processed automatically in a mcroprocessor and printed
out in tinme-weighted percent penetration. Filter
resistance is also continually nonitored by pressure taps
| ocated upstream and downstream of the filter. Per cent
penetration and pressure drop can be neasured over the
duration of an aerosol |oading test.

CLASSI FI CATI ON  OF RESPI RATORS | NTO _GROUPS

Since the ANSI 2788 Commttee Gui delines separated
particulate respirators into three distinct classes, tests were
run using the sodium chloride tests to determne its useful ness
in classifying respirators into these designated groups. The
present Federal certification test standards already do divide
certifications into three basic areas: DUST/ M ST,

DUST/ FUME/ M ST and HEPA.

3M selected respirators in these three present
certification categories to be tested: Dust/ M st ,
Dust/Fume/Mist, and HEPA. Manufacturers i ncl uded: M ne Safety
Appl i ances, American Optical, Norton, Willson, G endal e,
Pul rosan, 3M and Scott.

The sodium chloride test was run according to the ANSI Z88
commttee recommendations. For two el ement devices a challenge
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rate of 16 1pm was used for each elenment. For one el enment
units 32 1pm was used, Each device was challenged with
particul ate until the total |oading specification was net.

Percent penetration was recorded continuously.

In the following three graphs, the % NacCl penetration was
recorded for each respirator or cartridge at NaCl total mass
chall enges of 3 mg, 33.3 mg, 66.6 ng and 100 ny. Each poi nt
represents the % penetration through a single respirator or
cartridge at that loading. As the total mass chall enge
increased, the peformance of each filter device changed. On
sone respirators, the % penetration increases with increasing
particul ate |oading while on others the % penetration
decr eases. In each case the reconmended NaCl % penetration
limts are shown.

The great differences in filter device performance reflect
the great difference in filter material design. The ability of
a device to maintain its effectiveness when challenged with a
wor st case aerosol is the goal of the test.

CLASS |: 5% PENETRATION LIM T

This test was |limted to present dust/m st approved
respirators. Graph 1 shows % NaCl penetration with tine
| oadi ng. Initial % penetrations were in 82% of the cases
acceptable. As l|oading continued, however, 62% of the devices
failed, probably electrostatic degradation with particle
loading.

CLASS I1: 1% PENETRATION LIM T

This test was limted to present dust/fume/mist approved
respirators. Graph 2 shows % NaCl penetration with tinme
| oadi ng. Initial % penetrations and final % penetrations
showed an even division of passes and failures: 45% passing
initially and at final |oading.

CLASS |11: .03% PENETRATION LIMT

This test was limted to present high efficiency approved
respirators. Graph 3 shows % NaCl penetration with tine
| oadi ng. Surprisingly, 30% failures were encountered
initially. The majority, however, passed with no problem

COVPARI SONS OF INITIAL % NACL PENETRATION WTH % bop
PENETRATI ON AT DI FFERENT FLOWRATES

Since both of the ANSI Z88 comm ttees particul ate test
recommendations (solid and liquid aerosols) are neant to
measure an initial percent penetration and the subsequent
effects on percent penetration caused by their respective
| oading attributes, the relationship between the two aerosols
on initial percent penetration should be strong. Bot h aerosols
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occupy the nost penetrating particle size region for fibrous
filters and their capture mechanisnms should be very simlar.
Here is presented a derived theoretical relationship between
the two tests and an actual enpirical filter test correlation.

1. Theoretical Relationship - Initial % Penetration

The theoretical relationship between two aerosol %
penetration tests on a flat, fibrous filter nedia is
related to their respective single fiber efficiencies:

-K(SFE)yacl
% NaCl - 100®

-K(SFE) pop
% DCP 100¢€

-K(SFE)yac1  (SFE)yac1

in(¢ wacl) - =
-K(SFE)pop (SFE)pop
| n(% DOP) po* b
(SFB)
_ . Nacl
(SFE)pop

So, % NaCl = (% DOP)

Wher e: K = constant related to filter structure
% NaCl = % NaCl Penetration
[

% DOCP % DCOP Penetration
(SFE)yacl1 =filter NaC single fiber efficiency
(SFE)pop = filter DOP single fiber efficiency
On log-log paper this equation is a straight line. Single

fiber efficiency is also a function of filter face
velocity. However, since this equation is related to a
ratio of single fiber efficiencies, it should not be
affected by changes in velocity as long as the sane
velocity is used on either test.

2. Enmpirical Correlation of the Tests

On eighteen flat filters representing a range of % DCP
penetrations from .004 to 18, both initial % DOP and
initial % NaCl penetrations were neasured at three face
vel ocities: 5.3 cms, 10.6 cnmls, and 21.2 cns. Curve
fit results were:

1.05
at 5.3 cmg, % NaCl = .52(% DOP)

1. 06
at 10.6 cnm g, % NaCl = .59(%DOP)

1.09
at 21.2 cmg, % NaCl = .46(% DOP)

254



Jour nal of t heISRP

Al'l curves had linear correlation coefficients greater
than .98

A curvefit of all three popul ati ons nmassed together gives:

1.07
% NaCl = .53 (% DOP)

Graph 4 shows the data points and this curve. The curve
does not go through the 100% NaCl, 100% DOP point. It is
assuned that in these upper % penetration ranges a
non-linearity exists on one or both of the detection
devices. Also, although % penetration on either test is
affected by face velocity, there seens to be little affect
on the relationship between the test penetration results,
as expected.

CONCLUSI ONS

The two tests selected by the ANSI Z88 committee do
classify respirators into proposed certification groups. A
strong correlation exists between themon initial %
penetrations.

It is recommended that NIOSH change the proposed
certification group % penetration limts according to the
rel ationship between the two sets.
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