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October 15 1987

Mr. Murray Cohen, Acting Director
Division of Safety Research
NIOSH 944

Chestnut Ridge Road

Morgantown, West Virginia 26505

Reference: New Proposed NIOSH Standard 42 CFR Part 84
Dear Mr. Cohen:

We would like to voice our objection to the newly proposed NIOSH standard
published in the Federal Register on August 27, 1987, and in particular to
the points listed below. At the same time we would like to offer our
suggestions for a new NIOSH Standard for your consideration.

Subpart V, 84273:

a) "Filters of particulate respirators shall be tested for
instantaneous penetration filter efficiency against both
solid and oil liquid particles in the following manner"

Under (d):
"Filters shall be tested, each at a continuous airflow rate
of 32 and 85 liters per minute."”

b) Unde and (i):
"If filter penetration is increasing when the 100 + 5 mg
challenge point is reached, the test shall be continued
until there is no further increase in penetration.

Throughout the entire test the instantaneous penetration
shall never exceed the level specified by the applicant."”

Our comments to the above cited points are as follows:
1. Test Aerosols

Aerosols of different chemical composition will penetrate certain
filter media at different levels even though their particle size and
particle size distribution are the same. Therefore it is absolutely
necessary to specify the chemical nature of the aerosol.

It is our opinion that NIOSH should only consider aerosols which can be
generated at a given particle size distribution and are chemically and
physically inert.
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does not differ significantly.

Introduction

HIS TESTING PROGRAM was initi-

ated to compare the filter penetration of
all types of half-mask particulate respirator
filters by a liquid and a solid aerosol. Com-
parison of various investigations'™* indicated
significant  ditferences in filter penetration
measured using solid and liquid acrosols. In
the United States, the U. S, Bureau of Mines
Approval Schiedule 21B% specifies a mono-
disperse 03-pum liquid  dioctyl phthalate
(DOP) as the standard st aerosol for high-
efficiency respirator filters. For lower-efhi-
ciency dust respirators, the Bureau of Mines
wses several test acrosols of various sizes such
chromic acid mist, and lead

as silica dust,

dust and fune,

There is considerable interest in adopting

A single st acrosol, preferably o polydisperse

solid with a test unit capable of rapidly

i measuring jpenetrations of as low as 0.01%%.
In the United Kingdom, a polydisperse

sodium chloride (NaCly (count median di-
aneter = 0.6, g, = 2.0) is the standard®

used o measure the efficiency of
The use of flame photom-

Al ‘.J)Ul
respirator hliers.

Work performed under the auspicey of the UL S, Atsmie

Comparison of Respirator Filter Penetration by

' Dioctyl Phthalate and Sodium Chloride

R. N. MITCHELL, D. A. BEVIS, and E. C. HYATT

Los Alamos Scientific Laboratory, University of Ca!i{a;ufa, Los Alamos, New Mexico

: ai The penctration of all types of particulate respirator filters by a polydispcrse sulid

sodium chloride aerosol and a monodisperse liquid dioctyl phthalate (DOP) aero-
sol is compared and corrected. The NaCl aerosol penetration (0.3 pm) was measured
with a British-manufactured EEL Respirator Tester.
tion are described. High-cfficiency particu
in the United States and against NaCl in Great Britain.
impractical for a degradable filier such as resin-impregnated wool batt.
bility of using a NaCl acrosol 1o test all types of particulate respirator filters is dis-
cussed. The results indicate that filier penetration by DOP and NaCl test acrosols

This instrument and its calibra-

late respirator filters are tested againyt DOP

The DOP test is faster, but
The feasi-

etry for filter testing in the United Kingdom
was first reported by Thomas’ in 1952, Im-
proved sodium flame penctrometers for respi-
rator filter testing have been described by
Dorman® and by Dyment and Thomason.”
They report that penetrations of as low as
0.001% can be measured. In 1966, Dorman'
recommended that the sodium flame pene-
trometer be considered the prime method to
test both high- and low-efficiency respirator
filters because it can accurately meusure high
penctrations.

Il one acrosol is o have wide gencral ap-
plication for testing many types of filters, it
must not affect the filter media, For example,
a liquid acrosol such as DOP rapidly de-
grades respirator filters e of resin-impreg-
nated felt or wool batting. In Figure 1, the
pereent of penctration of a U.S.-made rusin-
impregnated felt filter is plotted against time,
The DOP penetration increases rapidly be-
cause the liquid acrosol removes the electro-
static charge on the felt, This type of medium
is abo degraded in industrial atmospheres
containing oil mists or solvents. Qur tests with
both felt and wool batt filters against’radon
daughters in wanium mines indicated wide
variations in penctration among filters from
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Ficewe 1. DOP and NaCl penciration of woul
fele flier versus time.

vanious manutacturers. The DOP is uselul 1o
scrcen this type of liler,

There are few data comparing the pene-
tration of filters by DOP and NaCl Dormant
has reported that wests on small areas of high-
cihaieney flter media (100 em?®) indicate
that DOP pencuation s three times as great
as that of NuCl at a velocity of 2.5 cin/sce,
and that they are equal at 12 cm/see, alter
which NaCl s wore penewating. In our
labovatory, Ewinger ot al® compared NaCl
tests on Whannan 41 filiers with DOP 1ests
on the swme mediuny, by other investigators.
The comparison shows DOP penctrations
considerably higher than those of NaCl in
filwering velocities ranging from 5 10 50 cin/

seC,

Equipment and Methods
DOP R, \]1!1(“1:1 Fidter Tever

The DOP Gilter wster is a D Associates
Model Q127 Lult in accordance with the
pecibications for the Anny Chemical Corps’
Moddel E 27 filier wster. As shiown i the llow
diagiam (Figure 21, the vapor from the
heated DOP is swept out ol the heating pot
with 20 liters/min ol heawed air. This air-
vapar mixture is then diluted with 80 liters/
min ol cooler air, condensing the DOP vapor
into o nominally monodisperse 0.3-un-

!
i
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Fiwsewe 2. Flow diagram of Model Q127 respi-
rator filter wester.

diameter acrosol, The acrosol cuncentration
entering the aging chamber is = 100 g /m®,

A flow of 5 liters/min from the aging cham-
ber is passed through the mechanical an-
alyzer which monitors the acrosol particle
size. by measuring the polarization ratio of
light scautered at 90° by the acrosol.' The
particle size is regulated by conurolling the
temperature of the 80 hwers/min of diluting
air.

The penctration of a filter is measured by a
forward light-scattering  photometer.  The
penetration meter has scales of 1000, 1,00,
and 0.190 which can be changed 10 254,
0.259%, and 0.025%, respectively, by an op-
tional circuit that increases mieter deflection
by a [actor of 4,

DOP Test Method

The pencuation meter is adjusted 10 read
1009 when acrosol from the aging chamber
is pulled tuwough the empty Glier holder and
the scattering chamber, The most sensitive
scale is adjusted 10 zero while filtered room
airis pussed tuough the scauering chimber.

The filter w be tested, mounted ina con-
nector in the same manner as inarespirator,
15 secured in Cthe filter holder. The filer
holder s closed, and the challenge aciosol is
admitted. The acrosol passing the filter is in-
dicaied by the penetration meter. Following
the procedures of Bureau of Mines Schedule
218, we recorded the penetration of the de-
gradable resin-wool filiers 10 seconds after
the acrosol was admitted 1w the filter holder.
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Fiouke 3. NuCl acrosol venerator.

NaCl Respuator Filter Test Apparalus

The NaCl respirator filier test apparatus
Consists of an acrosol gencrator, a sodium
flame penctrometer, and a dilution board and
calibration system. The NaCl acrosol gener-
ator or atomizer (Figure 3) was based on a
design developed by the Chemical Defence
Experimental  Establishment, Porton, Eng-
land, and detailed by Vokes, Lid.** The
generator has three atomizing juts spaced
120° apart. ‘The operating air pressure was 73
psi with 2¢¢ NaCl solution. The airflow
through the generator was 1.3 clm, which
produced w NaCl aerosol concentration of
=100 mg/im'. An clectron micrograph (Fig-
wie 4) shows NaCl acrosol representative of
that entering the filter holder. Particle sizing
with o Zeiss comparator showed a count
median dismeter (CMI) of 0.05 pjn, 0, =
222 and a mass median dimneter (MM
of L35 .

The prnetrotieter (l".EL
respirator tester)  wis manufactured by
Evans Elecnoseleninm, Lad. (England ), with
the cuidanee of Houun and Wabsh'™ A
schematic of the EEL respirator tester s
shown in Ficure 50 'Phe instrunent operates
as follows: Propane was iy injected into the
istrwnent by the injector (1) Gas flowing
Hiough the Venturi wbe (2) draws combus-
tion air from the 1=liter sampling cavity (3).
The gas and air mix in the mixing chamber

socdionn Hamwe

.

Ficuke +. Electron micrograph of NaCl acrosol.
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Ficuwe 5. Schematic of EEL tkune photometer.

(1) and burn on the single vow of holes on
the burner (5). The sumple is injected
through the wbe (6) into the swmpling cav-
ity (3), and excess sample s vented
trough the vent (7). The chimney (8) is
two coneentric wibes: the flame burns in the
inner tube, while the onter tube is purged
with air for cooling. A very small amount of
aiv s bled into the inner chimney. The air
is supplivd (9 through high-ctliciency filters.
The light from the fhune caused by ioniza-
tion of the NaCl acrosol is collecied by a con-
cave mirtor (101 and focused by the lens
(11 onto the Bler (12, The filwer sclects
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SOOIUM CrLORIDE FILTER TEST APFARATUS
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tester requires about 5
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zero by the time the

Fiouke 6. Flow diagram of NaCl respirator filter test apparatus.

the characteristiec wavelength of the sodium Higher gas flow extinguished the tlame, and

cmission from the flame. The light from the  lower flows reduced the sensitivity.

fileer is seen by the photonultiplier (13), The 2. Full-scale reading on the 10005 scale
: ampliticd photomuliiplicr signal is displayed  could be obtained with an acrosol concentra-
1 on the meter and vecorder, The instrument  tion of 1 mg/m?, and the lincarity was inain-
has three scales——1009%, 10¢7, and 1.09%. tained on each scale and between scales.

Figuie 6 is a dlow diagram of the NaCl 3. A 10-liter/min sample flow into the

espirator filter test appuratus. A dilution  sample cavity caused minimum disturbance of
soard and ealibration system was built to de- the flame, gave reproducible calibration and
womine the optimun operating  conditions  penetration results, and permitted the sample
and to check the linearity of response of the  cavily to be brought to cquilibrium in = 1
unit becanse the EEL operating instructions  minute.

T 2
lesting.

| . : o | e il The NaCl wesier peque -
| did not mclude information on meter deflec- 4. The dilution system operated best at e - . .
| . - ) . 1.0 95 psi in the 30-m I Thi a lilter penewraton et
| tion versus salt coneentration. 010 1.25 psi in the -gallon drum. This ired to: bring: il
i S— o ie ! essire keeps the whole dilution : Selizva Fet] LILGULEALL SR
| Phe fise dilution system tested consisted of 1"“‘“"",}‘,‘*1“’ the “hf’l“, d]h,”"m and test Yz acrosol in the  1-live e T
! two 10-1 dilutions of the acrosol from the €1 positive, thus "'l,'“!"““mg_ ”"“, need for equilibrivnm and o purs. - i
| generator alter it had passed through the 30-  PUmps cl)r blowers 1o ut;cull calibration or test alter the test. ;
g.nll.un drum. We found lhnf the photomul.  4erosolinto the sample cavity., [t iy not seein fai
I.lplll‘l' wis 5\\'.‘Illl].)l'L] by the ]u;_-,lu'-r concentra- NaCl Test Method perimental NaCl test sy
| tons, and only with the 100: 1 dilution as the After the sample cavity is purged and the $8000 DOP unit, but .

masiuum concentrition could the unit be three scales are adjusted 10 zero, the calibra-
are : ; ero, 5

calibrated and have linear response on each
scale and between the seales. To provide
enough dilute acrosol for calibration and test-
i, wove air was added o the S30-callon drum
and cmother 1001 dilution step was incorpo-
rited. The wnic was calibiaed, and the op-
tnwm operating conditions were Tound to be
as lollows.

LA 028-ter/min propane gas flow save
4 steady Mlame with waximum sensitivity.

tion acrosol is injected into the sample cavity
and the 1009 scale is adjusted to a full-scale
reading with 1he  sensitivity  control. The
saniple cavity is again purged, and the zero
scttings are rechecked, The filter is placed
in the holder, and the challenwe atmospliere
i admitted. A challenge aunosphiere with a
NaCl concentration of 1 mg/in' is used for
a dilter with a penetration of 19 or greater.
‘The lower penetration filters are tested against

tem were mnore sophistic
that the thne required
type ol equipnient o
shortened.

3. Floqe Control. L

has one inherent ady o,

erator, the hlwer halder .

form o closed sysiem dog
this suranuement, the

the tlow and the How-ie
located beyvond the perie
































































