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INTRODUCTION

The Australian practice in the evaluation of respiratory protective devices
has been to require conpliance with the Australian standard, the first edition
of which in 1963 was derived fromthe British standard and used British
specifications and test nethods. Thus the Australian Standard AS Z18-1963
(Ref. 1) specified the nethyl ene blue particulate cloud test for dust filters
and gave limts for inlet and outlet air flow resistances but had no facia

fit or performance test. Chenical cartridge and canister respirators, air
suppl i ed and sel f-contai ned breathing apparatus were required to be tested for
facial fit using 5 test subjects with "nornal facial size and contour"

enpl oying a "test gas" of 10 mg/m3 of chloracetophenon (AN in air for full
facepi ece, hood and hel net type respirators and 500 mg/m3 of i soanyl acetate
in air for half facepiece respirators. Thus a readily detectable agent for
facial fit testing on a go/no-go basis was an early established method in this
country.

In 1968 the revised Australian standard (Ref. 2) introduced four inportant
changes:

1. facial fit testing using a panel of test subjects chosen on the basis of
their facial length and width rather than a random choi ce of subject;

2. dust respirators were to be included in facial fit tests using isoany
acetate, but substitution of organic vapour cartridges for the dust
filters;

3. the test aerosol for full facepiece and hood and hel net respirators was
establ i shed as o-chlorobenzylidene malononitrile, a "tear gas" of |ow
toxicity but detectable at very |low concentrations;

4. air supplied hoods and helnets were required to have a m ni num positive
pressure within the wearer's breathing zone at a 40 litre/mnute vol une
breathing rate and to have a maxi num noi se not exceeding a specified |evel

The requirement for facial testing on a selected panel was based on a limted
anthropometric survey by Hughes and Lomaev (Ref. 3) published in 1972

Fifteen test subjects were required to be chosen conprising nal e persons
between 18 and 65 years with facial dinensions which fitted into three groups
as set out in Table 1. Ten of the panel were then used as test subjects with
two nenbers taken from groups A and C and six nenbers from Goup B. Hack et
al of the Los Alanos Scientific Laboratory, in work sponsored by NIOSH in 1973
(Ref. 4) pointed out that the Australian test panel suffered fromthe serious
[imtation that only short length and wi dth, nmediumlength and wi dth, and |ong
length and wi dth were specified, i.e. the various conbinations of short and
long were negl ect ed. Hack recommended conbined nmale and fenale test panels of
25 persons selected on the basis of face length and face width for ful

facepi ece masks and face length and lip width for half-and quarter-mask
testing. A later edition of the Australian standard AS 1716-1975 retai ned the
10 man test panel partially on the grounds of practicability and partially
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because the system seemed adequate while only a qualitative go-no-go test was
enpl oyed to determ ne satisfactory facial fit. Mch of the current work
reported here was undertaken to obtain information on how necessary it is to
use quantitative measurements and protection factors to determne compliance
with a standard specification taking into account the technical complexity and
time factors involved in such measurements.

The principle of requiring air supplied hoods and helmets to maintain a
measurabl e positive pressure in the wearer's breathing zone during medium to
heavy work rates is now well established in Australian practice. Evidence 1is
indicated below that it is maintenance of positive pressure which should be
used as a design criterion rather than air flowate. In the case of powered
air filtering respirators high flowates do not necessarily lead to a high
standard of protection but my be conducive to |lower protection factors, due
to increased filter penetration.

TEST EQUI PMENT

The basic equipment used by the Division of Occupational Health and Radiation
Control in the evaluation of respiratory protective devices is listed below
with brief details of methods of calibration.

Dry Gas Meter, capacity 400 1/min manufactured by Gas Meters Pty. Ltd.,
calibrated against 300 litre spirometer by Australian Gas Light Conpany.

Resi stance meter, conprising 280 1/mn suction blower with 0-170 1/min Fuischer
& Porter flowreter and + 200 mm vertical manometer. Flowmeter calibrated
against dry gas neter.

Anthropometric dummy head, 50 percentile size Caucasian male manufactured by
Sierra Engineering Conpany, USA, fitted with tubular "mouth" and |arynx.
Dummy has soft vinyl plastic skin and firm foam fiiling.

Cartridge and canister gas absorption, apparatus conprising a refrigerated
syringe feed which is used to inject test vapours in liquid phase into a
tenperature and hum dity controlled air stream to give known test
concentrations. Gas concentrations in exit gases fromcartridge or canister
under test is nonitored by colour change in bubbler solutions or colour change
on test papers. Sone instrumental monitoring methods have been used but are
not enployed for routine testing.

Stability Tester, Cartridges and canisters are tested for mechanical stability
by subjecting them to a horizontal reciprocating novement for either 10 or 30
m nutes at a rate of 3 to 3.3 hz with a stroke amplitude of 85 mmand a free
cartridge or canister movement of 5 mm

Respiratory Pump, Single reciprocating piston punp activated by a sinusoidal
camwith a nom nal stroke volume of 2 litres, 20 strokes/minute, m nute volume
of 40 1/mn, calibrated by dry gas meter. |
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Dummy head and torso of clothing dunmy type (used for air supplied hoods and
hel mets only) with pressure tapping consisting of a 150 nm di ameter perforated
tube encircling the neck approximately 75 mm bel ow nouth opening; connected to
a sensitive manoneter.

Manoneter Geer Model M3 micromanometer with A10 differential pressure
capsul e transducer, ranged 0 to + 1 mm, 0 to +3 nm O to + 10 nm

manuf actured by Mercury El ectronics (Scotland) Ltd., calibrated against a
Casel la 0-200 mm verni er nanoneter.

Methylene bl ue particul ate cloud apparatus to BS 2577

Sodi um chl ori de aerosol apparatus to BS 4400-1569 with follow ng
modifications: (1) water cooling coil wound around cooling fins on photo
multiplier entry tube to inprove tenperature stability of photo-multiplier;
(2) hydrogen manometer replaced by Magnahelic gauge (0-150 mm W.G.); (3)

gal vanomet er replaced by Hewl ett and Packard digital multimeter, Model No.
3465A operated in the 0-200 m croanpere range. All conpressed air used is
fromone source, with a manifold assenbly after an initial filter.

Sodi um chl ori de aerosol test hood - suspended cylinder of translucent PVC
sheeting 600 nm di aneter by 800 mm high with the top entry of NaCl aeroso
into a plenum chanber connected to the top of the cylinder by a perforated
partition to ensure even dispersion of aerosol into test chanber. An outer
peripheral cylinder 750 mm dianeter and 1100 mm high with vacuum of ftake
exhausts aerosol to reduce |aboratory contanination. Test subjects stand in
cylinder which extends to below hip |evel

Sampling system - a probe consisting of a perforated metal tube with one
closed end is connected via a flexible plastic tube to a battery operated punp
sanpling at 4.5 1/min which delivers the sanple to the test tube and flame
tube assenbly of the detector system The probe is introduced into the
breathing zone of the subject under test, i.e. inside the hood or helmet or is
used to sanple chamber concentration.

Gas chanber - used for man tests enploying isoamyl acetate vapour or
o-chlorobenzylidene malononitrile (C§ aerosol as challenging agents. The
unit consists of an inner chamber 1.6 rn x 1.6 m x 2.1 mhigh with an outer
chamber 1.6 mx 0.9 mx 2.1 mand is constructed in stainless steel wth
spring | oaded gas-tight doors equi pped with rubber seals. Both chanbers have
val ved air inlets and outlets connected to a circulating blower and an exhaust
bl ower connected to a chimey protruding approxinmately 4 neters above the
building. Air can be introduced into either chanber and exhausted on a flow
through system or by valving off one or other chanber, air can be continuously
circulated through the chanbers separately. The floor of the chanmbers are

di shed with sealed outlet drains to facilitate washing down and PVC coated
steel grids over the dished floor provide a working platform  The inner
chamber is equipped with a treadm Il with a range of 3-10 km hour walk rates
and a set of 2 x 220 nmrise steps. On one wall of the chanber at a hei ght of
1.8 nmeters is a shelf stacked with 1 kg wooden bl ocks used for a sinple work



test routine. The vapour and aerosol dispersal systemcomprises an electric
heating coil with an evaporating basin and oscillating fan. The test
procedure is for one or tw personnel fitted with the respirator under test to
be shut into the inner chanmber the door of which is fitted with a quick

rel ease "panic button'" to enable quick exit. This facility is necessary when
CS tear gas aerosol is enployed as a test agent as facial seal |eakage or
filter penetration can rapidly be sufficiently unpleasant to warrant exit from
the test chanmber in some haste. To commence the test the test subjects pour
the required quantity of isoamyl acetate or the CS crystals into the hot
evaporating basin, the resulting vapour or aerosol snoke then being dispersed
by the fan. Wrk routines used conprise shifting wooden blocks from the shelf
to the floor one at a time and then returning themto the shelf, walking up
the two steps and down 12 tinmes a mnute and a 6.5 kmhour walk on the

hori zontal tread mill.

QUALITATIAVE VERSUS QUANTI TATIVE FACIAL FIT

CS Test Aerosol

Details of Orthochlorobenzylidene malononitrile (CS used as the challenging
agent in the qualitative testing of dust respirators have been drawn from the
Himsworth report (Ref. 6) and are as follows:

The material is a white crystalline solid which melts at 94-95°C and boils

at 310-3150C. \When heated it sublimes rapidly with slight decomposition and
condenses to a cloud of solid or supercooled liquid of a mass median di ameter
lying between 1 and 2 micrometers. (Scanning electron m croscope exam nations
at this laboratory of CS particles deposited on a slide reveal very few
particles of less than 1 mcrometer, the great majority being betwen 1 and 4
m crometers. During the observation the particles could be seen to be
changi ng shape and subliming).

The smallest trace that a person can detect by slight irritation of the eyes
and nose is about 0.004 mg/m3. A concentration of 0.5 mg/m> will produce
distinctly unpleasant synptons of lacrymation and salivation and a
concentration of 4 mg/m’ becomes intolerable to nost people. However, from
the toxicological point of view the dose of CS generated pyrotechnically which
on one exposure, kills 50% of the nost susceptible animal species tested, is
some 3000-4000 times that required to deter even trained troops who can resist

up to 10 mg/m . For other species it is considerably higher. Evidence from
heal t hy persons who have been repeatedly exposed to CS over a matter of years,
although scanty, reveal no signs of ill-effects.

The Australian standard specified a concentration of 3 mg/m> of CS as the
test aerosol for evaluating facial fit. A successful test result would
therefore infer that a protection factor as high as 2000 had been achieved
(8.0/0.004). If, as it can safely be assumed, sone people are |ess sensitive
to the first detectable synmptons of nose and eye irritation than others, the
actual protection factor could be considerably less than this figure.
Experience with tne method would indicate that failure to detect the CS
aerosol can be taken, on a conservative estimate, as a protection factor of
not |ess than several hundred to one and probably higher than this.
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Test Met hod

For the gas chanber evaluation, one or two test subjects enter the chamber,
taking with themthe relevant quantity of CS weighed into a small bottle.
After donning the hood or hel et under test and checking its normal operation,
the CS is tipped into the heating evaporating basin. The test subjects stand
still until the CS has sublimed and dispersed, this taking approximtely 1
mnute. |f no aerosol penetration is detectable an exercise routine is
carried out consisting of taking down wooden blocks one at a tine froma shelf
above the head of the subject and placing themon the floor a pace or two away
and then returning themto the shelf. Although it is not specified in the
Australian standard it is the practice of this test laboratory to encourage
conversation by the test subjects during the 10 mnute period of the test
(particularly when half facepiece and full facepiece respirators are under
evaluation). D scernible but slight irritation such as prickling of the eyes
or throat due to CS aerosol filter penetration or facial seal |eakage is
reported but not necessarily taken as a "failure". Definite signs of
penetration are snmarting of the eyes causing rapid blinking and screwi ng up of
the eyelids and/or a peppery irritation of the nose and throat usually wth
nose watering. These synptons of failure usually build up in intensity if the
first 1-2 minutes of the test and result in rapid withdrawal from the chanber
to a fresher atmospohere. Recovery fromthe effects of the CSis rapid, 1 to
2 mnutes in clear air sufficing to alleviate the synptons. The chanber is
ventilated between tests and a fresh concentration of aerosol generated for
each pair of subjects. This is necessary due to the conparatively rapid
fallout of the aerosol due to aggloneration and settling. It is reported

(Ref. 6) that in a closed chanber with little or no air novement, aerosol
concentrations in air fall to about 1/100 of the initial value in 30 m nutes.
As the chanber used by this laboratory has considerable air nmovenent due to
the use of an oscillating fan, the fallout would not be expected to be so
rapid. Aggloneration of the snaller CS particles to larger ones coul d,
however, be enhanced. As nentioned above scanning el ectron mcroscope
examnation of the CS aerosol has proved difficult due to the epheneral nature
of the deposited particles.

Powered Air Purifying Respirators

Test results are given in Table 2 for a range of tests on a nunber of powered
air purifying respirators and several air supplied hoods.

Brief description of units tested;

Arbin hood Metal franmed PVC coated fabric hood with integral vizor, no head
harness or inner bib. Ar supply via corrugated hose 3 netres long attached
to cylindrical filter and blower unit for nounting on vehicle, e.g. tractor.

Power provided by vehicle battery (12v).

Hbod nodified in Australia by addition of towelling bib to provide positive
pressure in head area.
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MSA PAPR Catal ogue No. 463354. Battery powered filter unit carried on waist
belt with air led by corrugated hose to half facepi ece respirator.

Martindale Mk IV with HEF filters. Powered filter unit and battery pack
carried on wai st belt with corrugated hose to full facepiece. Bl ower unit has
3 high efficiency cartridge filters.

Ai rwash hood Mk 1V PVC coated nylon hood on head harness w th bubbl e visor
and shoul der cape el asticised around neck with vel cro adjusting strap.
Conpressed air supplied via valve on waist belt.

Plysu hood dear PVC hood with shoul der cape attached to body by tapes under
armpits, no head harness, inner bib or control valve. Air supplied by hose
from conpressed air source.

Racal "Airstream" hel nmet The basic unit conbi nes head, face and respiratory
protection by neans of a helmet with a vizor provided with flexible plastic
facial flaps which contact the sides of the face. Air is drawn via a coarse
filter by an axial fan located in the rear of the helnet and expelled through
a fine filter into the head space, exhausting to atnosphere in the chin area.
Power is provided by a rechargeable battery carried at the waist. Sever al
alternate fine filters and 2 nodels of fan notors are avail abl e.

Martindale Qear Ar Helmet, HPA-QQL A notorcycle style helmet with integral
visor and neck bib with drawstring. Air is drawn via tw cartridge filters
near rear of helmet through fan unit into head space and exhausts through bib
to at nosphere. Power provided by rechargeable battery pack on waist belt.

AP 10Q helnet Hood type unit supported on head by harness with integral vizor
and nylon shoul der cape fastening under arnpits. Ar is supplied froma
battery powered fan unit with replaceable filter cartridge attached to a waist
bel t.

Discussion

Al the PAPR's failed the CS aerosol test except for two with high efficiency
filters, i.e., the MSA PAPR and the Martindale full facepiece with HEF
filters. Unfortunately, protection factors were not measured for these two
devi ces but conparative figures between the other PAPR's and two air-supplied
hoods indicate that a protection factor of at least 1000 is required to pass
the CS aerosol test. For those filters shown in Table 2, filter efficiency
tests at two flowates, and for both methylene bl ue and NaCl aerosols, show
that the filter efficiencies fell with increasing flowate. It was not
possible to neasure the filter efficiencies at the air flow provided by the
PAPR's but if it is assumed that the fall in filter efficiencies continued to
increase with these higher flows, the failure in the CS chanber tests of units
with nomnally highly efficient filters is sinple to explain. As the filter
efficiencies at the operating flowates are not known, it is not possible to
calculate the contribution of filter penetration to the overall protection
factor and the contribution due to hood design or facial fit factors.

However, the large change in protection factor for the Martindal e HPA-001 when
the inner bib was |oosened, and the fall in neasured positive pressure within
the helnet to a negligible figure, indicate that hood design can play an
important part in obtaining high protection factors.
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Table 3 gives protection factor results on two nodels of the Racal Airstream
helmet, the AH4,/Gll having a nore powerful notor and hi gher flowrate than the
AH1/Gll. The helnets were tested on snall (A and nedium (B size faces
chosen in accordance with AS 1716-1975 (see Table 1), some of the subjects

bei ng bearded (+) and sone clean shaven (0). Subjects were tested wearing the
helmets with small and | arge facial flaps, the snall being designed for |arger
faces. The results show a significantly lower protection factor for bearded
subj ects conpared to clean shaven and some indication that the choice of
facial flap size is also of inportance. A larger sanple with the inclusion of
subjects in size (Q, i.e. with large faces would be necessary to confirm
these indications.

A conparison between the two Racal units tested, on the basis of flowate
gives a lower protection factor probably due to increased filter penetration.

Singl e-use disposable respirators

Test results (Table 4) on given single use disposable respirators using
standard test panels of 10 people with facial sizes in accordance with AS
1716- 1975 gave conpl etely anamalous results to those obtained with powered air
filtering respirators. Several people conplained of slight nasal irritation
during the CS tests while the remai nder indicated no effect due to the test
aer osol . (Gas-tight goggles were worn during the tests.) These test results
i ndicated a protection factor in excess of 1000 despite the fact the nethyl ene
bl ue penetration figures ranged up to 24% The explanati on would seem to be
in the particle size range of the CS aerosol (nostly 1-4 m croneters) conpared
to the methyl ene blue particulate, said to have a nmass medi an size of C.5

m croneter but by count to be almost all below 1 microneter in size (Ref. 7).
A further factor could be the unknown increase in filter penetration at the
high flowates of the PAPR units. However, fromthe facial fit point of view,
whi ch should not be affected by the particle size of the test cloud, all five
respirators would seemto have given an excellent fit on all of the Australian
test panel.

The few NaCl protection factor tests carried out also showed highly anonal ous
results conpared to those obtained by other |aboratories. Protection factors
reported by Lowry (Ref. 8) in 1977 on simlar types of respirators gave
factors ranging from2 to 1000 with nost of the figures on 10 person test
panel s between 5 and 20 conpared to the 60-5000 found here.

As reported above, the tests were perforned using an Nad aerosol apparatus to
BS 4400 with some minor modifications, none of which should have affected the
test results. Test sanpling was done by attaching a 5 nm I.D. plastic tube to
the respirator in the vicinity of the nouth and drawing a 4.5 1/min sanple
continually from the facepiece. H ane photoneter readings were taken by
digital mcro-anpre neter at 2-3 second intervals, after the readi ng becane
relatively steady, for a 2 minute sanpling period and the nean of the readings
was cal culated. Test hood concentrations were taken both before and after the
test on the subject using the sane sanpling tube as for the man tests. Highly
significant differences were found in sone cases between the "before" and
"after"” test hood readings, the quantity of Nad detected at the end of the
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man test with the disposable respirators sonetimes being as low as 10% ot the
"before" result. In these cases the protection factor, if calculated using
the "before" hood concentration as the basis, was up to 5000, showing that
deposition on conacnsed exiialed breath (sonetinmes visible) in the tube was
probably the cause of the anonalous results. Further work to inprove our
sanpling technique is obviously necessary.

That deposition of NaCl particles on surfaces is a significant factor was al so
apparent when erratic and fluctuating readi nhgs were obt ai ned whenever the hood
or connecting tubing was knocked or agitated during nmeasurenent of the test
hood concentration. It is noteworthy that the British Standard (Ref. 9) wusing
this nethod instructs the test subjects to sit “"perfectly still"™ during the
test.

CONCLUSI ONS

The conparison reported herein between qualitative testing of dust respirators
using a CS aerosol and a quantitative Nad particulate cloud system shown that
the two nethods can both give useful results. The qualitative nmethod is easy
to carry out, requires very little equipnment (a shed or pPVC sheeting tent in
the open air would suffice), and can show up a poorly fitting respirator or
one with a less than highly efficient filter. It cannot, however, distinguish
between a poor filter and one with filtering ability quite suitable for nmany

i ndustrial applications. Its use could also be argued as ethically
unacceptable as it uses a biologically active agent on hunan subjects al beit
one of extrenely low toxicity (Ref. 6). It also suffers fromthe di sadvant age
that its effect on the human subject can be unpleasant, even if only
transient, making volunteers as test subjects sonetines difficult to obtain.

The Nad quantitative evaluation on the PAPR's indicate that this nethod of
assessnent is excellent and should be included in the Australian standard.
However, it was apparent fromthe small amount of work carried out on

di sposabl e respirators that considerable expertise is required for its use
which this laboratory to date has not acquired.
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TABLE 1--Facial Di nensions of Test Panel - AS 1716-1975

Facial D mensions (mm)

G oup No. in Each Bizygomatic Menton-nasal
G oup di amet er root depression
| engt hs
A 3 128 - 136 100 - 111
B 9 137 - 146 112 - 123
C 3 147 - 154 124 - 133

(FromAustralian Standard AS 1716-1975, with perm ssion)



TABLE 2 TFST RESULTS 04 RES2IRATORS DESIGNED FCR USE AGAI NST PARTICULATES
Filter Country Type of Flowrate to Positive Chanber test Protection Filter Filter $Methylene gMethylene
Cat. No. or origin uni t wear er Pressure with CS aerosol Factor with % NACL % NaCl Bl ue Bluex*
Recpirator (L/min) (MM W.G.) Nad penetration penetration penetration penetration
aer osol (@ 35 1pm) (8 85 1pm (8 30 1pm (¢ 120 1pm
for filter for filter
Racal lelmet  AS23 U K Battery 130 0.01 to 0.40 Failed 60- 150 6.1 + 3.4 13.5 + 1.8 1.0 +0.3 10.2 + 2.1
Model AHL operated (4)
Model A3 AS23-3 UK (for " 130 0.01 to 0.35 " Not tested 16 (1) Not tested 7.5 + 0.9 17.1 + 2.4
USA)
Model AK1/Gll @GL150 UK " 125 0.01 to 0.35 * 120 - 670 0.31 + 0.1 073 + 05 OGC + 002 0.3 +0.1
: (11) *
Model AH4/Gll  GL150 U K " 180 0.02 to 0.40 " 60 - 260 0.31 + 0.1 0.73 + Q.5 0.06 + 0.02 0.3 + 0.1
(12)*
Martirdale RP18012/ UK " 140 Bib tight: " Bib tight: 0.17 + 0.07 0.41 + 0.15 0.02 + 0.005 -
Clear Air SF 0.35 to 1.0 740-910 (4)
Helmet Bi b | oose: Bi b | oose:
HPA-001 negligible 60 - 80 (49
(less than 0.01)
AP/L0 lelmet  CA-304ST Japan " 180 1.0 to 5.2 " 20-100 (3) - 0.88 (1 0.8 -
Ar bi n Hood - Hol | and " 225 Wth bib: Wth bib: 50 (1) - - 3.5 + 0.5 -
(modified 0.7 to 2.6 Fai | ed
in W thout bib W t hout bib 50 (1)
Australia Negl i gible Fail ed badly
(less than 0.01) during exercise
MSA 463354 463284 U.S. A . 185 - Pass (10) - - - Less than
Powered Air Type P! 0.01
purifying
Respirator with
comfo facepiece
Martindale MX HEF UKk " 140 1.0 to 10.0 Pass (10) - Less than
IV with full filters 0.01
facepi ece
Alzoazh MK IV N.A. Australia Airline At 124 kPa 0.4 to 10.0 Pass (2) LI20=1400 N.A. N.A. N.A. N.A.
hood hood (mni mum (2)
operating
pressure) :
120 (val ve
closed) 170
(val ve opened)
Notes:
(-) i ndi cates nunber of percons tested with Nad aerosol in determining protection factors
N. A indicates test nc: applicable

See also Table 3
** Filter

size reduced to give equival ent of

120

1/min thr

ourt filter



TABLE 3 Protection Factors bt ai ned for
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Hel nets Using NaCl Aerosol

Racal Ai rstream

Faci al size Bearded (4 Protection Factors
(No. of subjects or Snal | Lar ge
Test ed d eanshaven (0) H aps Fl aps
AH1/Gl1l
A (1 + - 620
A (1 0 160 130
B (2 + 80 - 280
B (4 0 170 - 590 80 - 280
AH4/Gl1
A (1) + 120 260
B (2 + 60
B (3 0 110 100 - 250
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TABLE 3A Summary of Protection Factors (btai ned for

Racal Airstream Hel mets using NaCl Aerosol

Mean Protection Factor
Small Fl aps Large H aps

Bear ded 140 100

d ean Shaven 220 210
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TABLE 4 CS Aerosol Test versus Protection Factors (PP

for Disposable Dust Respirators

Respi rat or No. of subjects in No. Appr oxi nat e No. Methylene
Cat. No. CS Aerosol passi ng PF obt ai ned tested bl ue
S ze S ze S ze CS test wi th Nad with penetration
A B C aer osol Nad at 30 1/min
%
3M 8710 2 6 2 10 60 - 5000 4 10 - 24
3M 8800 2 6 2 10 - 0 0.8 - 4.0
3M 9900 2 6 2 10 - 0 0.2- 0.6
3M 9920 2 6 2 10 420 - 3000 4 0.1- 0.4
d endal e 2 6 2 10 - 0 3.0- 6.0

"Dustbuster"




