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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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5 drawn to the possibility that some of the elements of this document may,be the subjec
ts. ISO shall not be held responsible for identifying any or all such patefyrights. Detai
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

blanation on the meaning of ISO specific terms and €xpressions related to conforn
[, as well as information about ISO’s adherence to the WTO principles in the Technical Barn
BT) see the following URL: Foreword - Supplementary information

ttee responsible for this document is ISO/TC 94, Personal safety — Protective clothing
Subcommittee SC 15, Respiratory protective@evices.

test and test equipment:

Determination of inward leakagé
Determination of breathingesistance
Determination of particlefilter penetration

Determination of+gas filter capacity and migration, desorption and carbon monoxide dyng

Mechanicalyesistance/strength of components

Practieal performance test methods

consists of the following parts, underf_the general title Respiratory protective device§

are
the
the

t of
s of
| /or

not

hity
iers

and

mic

Megasurement of RPD air flow rates of assisted filtering RPD

Part 9:

Determination of carbon dioxide content of inhaled air

Part 10: Resistance to ignition, flame, radiant heat and heat
Part 11: Determination of field of vision

Part 12: Determination of volume-averaged work of breathing and peak respiratory pressures

Part 13: RPD using regenerated breathable gas and special application mining escape RPD: Consolidated

test for gas concentration, temperature, humidity, work of breathing, breathing resistance and duration

Part 14: Measurement of sound level

The following parts are under preparation:
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— Part 5: Breathing machine/metabolic simulator/RPD headforms/torso, tools and transfer standards
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Introduction

This part of ISO 16900 is intended as a supplement to the respiratory protective devices (RPD)
performance standard ISO 17420 (all parts). Test methods are specified for complete devices or parts of
devices that are intended to comply with ISO 17420. If deviations from the test method given in this part
of ISO 16900 are necessary, these deviations will be specified in ISO 17420.
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Respiratory protective devices — Methods of test and test
equipment —

Part 1:
Determination of inward leakage

Thi
(RI
age

The
the

2

Thd
ind
refq

ISO

ISO
mag

ISO

ISO
unc

ISO

3
For

31
ass

Scope

5 partof SO 16900 specifies the testmethods for determining inward leakage ofrespiratory
and total inward leakage of complete respiratory protective devices (RPDY using sp
hts and incorporating specified body movements, at specified metabolic work rates.

se tests are conducted in laboratories using specific test agents under specified cond
‘efore do not indicate the performance of the device in actual use:

Normative references

following documents, in whole or in part, are normatively referenced in this docume

16972, Respiratory protective devices — Terms,'definitions, graphical symbols and units of m

16900-5Y), Respiratory protective devices,— Methods of test and test equipment — Part 5
hine/metabolic simulator/RPD headformsy/torso, tools and transfer standards

17420-3, Respiratory protective deyices — Performance requirements — Part 3: Thread co

21748, Guidance for the use ‘of repeatability, reproducibility and trueness estimates in m
briainty estimation

TS 16976-2:2010, Respiratory protective devices — Human factors — Part 2: Anthropome

Terms and<definitions

the purposés of this document, the terms and definitions in ISO 16972 and the following

sted filtering RPD

filt

rinterfaces
bcified test

litions and

nt and are

spensable for its application. For dated references,-only the edition cited applies. F¢r undated
rences, the latest edition of the referenced documeént (including any amendments) appligs.

(%)

Pasurement

' Breathing

hnection

Pbasurement

rics

apply.

rihg RPD inwhich airismaoved fhrnngh the fi]fpr(c) hy meansofablowerinadditiontoth

e breathing

of the wearer

3.2

porous device
RPD incorporating materials, excluding filters, that can be penetrated by gases and vapours during an
inward leakage test, leading to an increase of the inward leakage

3.3

unassisted filtering RPD
filtering RPD in which air is drawn through the filter(s) solely by the breathing of the wearer

1

To be published.
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4 Prerequisites

The performance standard shall indicate the conditions of the test. This includes the following:
a) minimum number of test specimens;

b) number of test subjects and selection criteria;

c) operating conditions of the RPD;

d) ifappropriate, test method (including test agent and sampling methods) to be used;

e) the exg¢rcise regime to be used;

f) if apprppriate, the use of crosswinds during particular test exercises;

g) any exflusions from the test exercise regimes of Annex B;

h) any prjor conditioning, sequence of preconditioning, and/or testing required;
i) any opftional features of the RPD to be included in the assessment;

j) charadteristics to be assessed subjectively (if appropriate).

5 General test requirements

Unless oth¢rwise specified, the values stated in this part of [SO%16900 are expressed as nominal val
Except for temperature limits, values which are not stated a§/maxima or minima shall be subject
tolerance df +5 %. Unless otherwise specified, the ambient'conditions for testing shall be between 1
and 32 °C gnd (50 = 30) % RH. Any temperature limits specified shall be subject to an accuracy of ]

6 Prindiple

A test subject wearing the RPD being testéd-performs a series of exercises while surrounded by
atmospherge containing a known congcentration of a test substance. During these exercises,
concentratjion of the test substance imside and outside the respiratory interface (RI) is measured
compared.

es.
fo a
b °C
°C

r an
the
and

Three testjagents are specifiedone solid aerosol, one liquid aerosol, and a gas. The general principle of

the test is the same for all substances. The test agent(s) used depend on the type of RPD being tested
are chosen|according to Eigure 1.

NOTE here a chdiee of gas or aerosol is permitted according to Figure 1, the aerosol test methods
preferred sipce SFg is‘tegarded to be a greenhouse gas and its use is deemed undesirable where it could be avoi

and

are
Hed.
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NOTE Excluded are RPD which are obviously open to the atmosphere and which need not be te

Figure 1 — Determination of porosity of RI (Respiratory Interface)

sted using a
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Fig@ — Determination of test methods for RI (Respiratory Interface)

aerosol

method

or
method
1

7 Human test panel

7.1 General

7.1.1 Before performing tests involving human test panels, account should be taken of any national
or other regulations concerning, for example the medical history, any know allergies, examination, or

supervision of the test subjects.

© ISO 2014 - All rights reserved
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7.1.2 Test subjects shall be trained by a competent person in wearing the type of RPD being tested.

7.1.2.1 Unless the RPD manufacturer’s user instructions specify that the device can be worn by persons
with facial hair, then male panel members shall be clean shaven in the area of the face seal.

7.1.2.2 Persons with scars or other facial blemishes in the area of the face seal that might give rise to
face seal leakage shall not be selected for the test panel.

7.1.2.3 Persons nominated as test sub]ects shall follow the manufacturers donnlng instructions,
whi AeaLe 3 S Ve seal,following the
mar ufacturer s instructions, the person shall not be used for the inward leakage test.

7.1{2.4 Where a manufacturer specifies a size range for wearers of the device, only subje¢ts who fall
within the specified range shall be used for the test.

7.1)2.5 If more than one size of respiratory interface is manufactured, the tést subjects shall select the
mogt appropriate size in accordance with the information supplied by the-manufacturer.

When using particle counting detection method, the test subject should fefrain from smokingfor atleast
30 fnin before wearing the RPD.

7.2| Selection of test subjects

Thg human test panel shall be as defined in ISO/TS 16976-2:2010, 8.3, [principal component analysis
(PCA) panel]. Further information is given in Annex<D. The selection of the test subject ghall be as
spefified by the RPD manufacturer according to the' requirements of ISO 17420.

8 |Test agents

Three test agents are specified for the.inward leakage tests:
a) [testagent 1 = sulfur hexafluoride gas (SF¢);

b) [testagent 2 = sodium chloride aerosol (NaCl);

c) |testagent 3 = corn ail'aerosol.

All three test agentsiare equally acceptable for determination of inward leakage or total inwajrd leakage,
subject to the selection requirements of Figure 2.

If pprosity isiindicated by the results from the materials porosity test (Annex C), then it sha|l be tested
using sulfurhexafluoride gas.

9 Annaratus
i 3

9.1 Enclosure, large enough to permit each test subject to complete the test exercise regime without
restriction. A uniform and continuous flow of the relevant test atmosphere shall be delivered into the test
enclosure.

The enclosure design and air flow management system shall permit the test atmosphere concentration
within the area occupied by the RPD and wearer during all exercises to be homogeneous and stable
(within +10 %) throughout the duration of any test.

The air velocity through the enclosure measured close (within 30 cm) to the test subject’s head, with the
test subject standing centrally (on the treadmill where appropriate) and without crosswind conditions,
shall be sufficient to maintain the specified concentration but shall not exceed 0,2 m/s.

© IS0 2014 - All rights reserved 5
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The enclosure shall be designed so that the test subject is visible from the outside of the enclosure at all
times while in the enclosure. A means of providing communication between the test subject(s) and the
test supervisor(s) shall be provided.

For RPD to be tested under crosswind conditions, provision shall be made to generate a crosswind of
2 m/s across the enclosure, from the front, rear or side (left or right), in the vicinity of the test subject’s
head.

NOTE Such provision might need to be adjustable in height to generate the crosswind at the appropriate
position for all test subjects.

the test agent), where necessary.

The design
air (free of]

The volum
be such as

When SFg
circulation

9.2 Tre

b of the test chamber shall be large enough, and the replacement of the test atmosphere s
Lo prevent dilution of the test atmosphere by clean air emanating from the device'under t

gas is employed as the test atmosphere, the test chamber should preferably permit
of the air/SF¢ volume to minimize exhaust of SF¢ into the ambient atmosphere.

mill, capable of working up to the speed as required by the eXercise regime define

hall
est.

re-

Annex B, shall be used.

9.3 Test
and, in cas{

agent generator - General, capable of generating the testagent in the required concentration,
e of an aerosol, of the required particle size distribution.

9.4 Dete
enclosure 4

ction system - General, either one detector orcdifferent detectors for measuring the [test

nd the respiratory interface sample concentrations.

han
the

The detect
20 s foran
detections

on system including sampling probes and-connections shall have a response time of less t
esponse of 10 % to 90 % of the full-scale)deflection of the range used. Further details of]
system required for each specified test agent are given in 11.2, 11.3, and 11.4.

10 RPD preparation

10.1 General

Prior to th
to ensure t

e inward leakage test, examine the RPD in accordance with the manufacturer’s instructjons

hat it is in good-working condition and can be used without hazard to the test subject.

Prepare the RPD to be,tested in accordance with their design, the test agent to be used, and whether
the inward leakage{of'a respiratory interface or the total inward leakage of a complete device is tp be
determinegl. Further details are given in 10.4, 10.5, and 10.6.

10.2 Samiple tubes and prohe

In order to sample and analyse the air inside the respiratory interface, use an adapter normally provided
by the manufacturer; or where this is not possible, punch a hole in the respiratory interface and insert a
probe through which the sample is drawn by a suitable sample pump.

Multiple-hole sampling probe (Figure 3 and Figure 4) should be used to minimize sampling bias within
the respiratory interface. Single-hole probes with chamfered entry (Figure 5) have been shown to be
acceptable. Figures 6 to 9 show probe methods of fixation.

© ISO 2014 - All rights reserved
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Dimensions in millimetres

4
}

N
oN p
e T L0 :[l' T
) Jx .
i
1
3
Key
1 [eight holes, diameter 1,5 mm, equally spaced
2 |suitable flexible tube
3 |direction of drying air (for sodium chloride only)
4 |connection to sample pump
Figure 3 — Example ofball probe
Dimension in millimetres
4
ﬁ |2
i |
LA i i
~N ] g -~ __
s !
/%
1 3 ||
3
Key
1 [eightheles, diameter 1,5 mm, equally spaced
2 |suitable flexible tube
3 direction of drying air (for sodium chloride only)
4  connection to sample pump

Figure 4 — Example of disc probe
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Key

N O U AW e

Dimensions in millimetres

b
o

/—>‘
®8.1
@LA

1
|
|
|
I
|
|
|
I

0

probe thibe

inner nut

inner washer
respirafory interface
outer washer

outer njut

sampling tube

Figure 5 — Example of sampling probe (surface fixed)

Figure 6 — Example of a ball probe used on device with rigid visor
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N v

Figure 7 — Example of a disc probe used on filtering device

Key]

1 |hood under test

2 |headband

3 |adjustable plasties arm
4 |ball sample probe

Figure 8 — Typical arrangement for sampling from device with soft plastic hoqds
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The probe
wearer'’s fg

Where nec

respiratory

A second s
test agent

exhalation
by means ¢
possible. T

Where the
respirator)

Figure 9 — Example of sampling probe (surface fixed) in filtering device

shall be fitted securely to the respiratory interface, terminating as near ds\possible to
ce (<10 mm) and approximately midway between the nose and mouth.

F interface. This distortion can alter the face seal causing additienal leakage.

hmpling probe (identical to the first) shall be used to measure the ambient concentratio
n the test enclosure. This shall be placed close to the RPD, but away from the effect of

he two sampling tubes shall be of the same type:and length.

' interface, the sampling probe shall be poesitioned on one side of the test subject at eye |

and make fyip air might be required.

Care shall

the respiratory interface.

le flow rates

rates shall be betveen 0,3 I/min and 2 I/min, depending on the detection system.

rate shall be kept-as low as possible so as not to change the designed performance of

pssary, for flexible, soft, or lightweight respiratory interfaces, employ a means to support
weight of fhe probe assembly and associated tubing, e.g. a head harness, to-prevent distortion off

performance standard requires that a sample be withdrawn from the ocular region of

be taken to ensure that the sample-fubes and probe do not disturb the normal fit or shap

the

the
the

n of
any

from the RPD under test. The sampling probes shall besconnected to the analysing equipnpent
f flexible thin-walled tubing of about 3 mm bore, the length of which shall be kept as shor

tas

the
bvel

e of

The
the

The sample flow rate from the respiratory interface is equal to the total flow through the sample pump
minus the flow rate of dry air. A correction shall be made for the diluting effect of this dry air when
leakage calculations are performed (see 11.3.2.2 and 11.3.3.2). Dry air is not required if gas or corn oil

aerosolist

he test agent.

10.4 Filtering RPD preparation

10.4.1 Unassisted filtering RPD with a connector in accordance with ISO 17420-3

Unassisted RPD incorporating a respiratory interface with a connector in accordance with ISO 17420-3
shall be fitted with the filter simulator as specified in ISO 16900-5, instead of a filter.

10

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=ab428f027dd17fb19b13e6862cd6117f

ISO 16900-1:2014(E)

Breathableair (free of the testagent) shall be supplied (on demand) to the filter simulator viaalightweight
hose. It is important that the attachment of the clean air hose to the device does not affect the fit of the
device on the test subject. The breathing resistance of the combination of the clean air hose and filter
simulator shall be within 10 % of the filter simulator alone when measured at a flow of 110 1/m.

Fitting of the hose shall not replace any seals incorporated in the RPD. If necessary the hose shall be
supported.

The test agent(s) to be used shall be chosen in accordance with Figure 2.

10.4.2 Unassisted filtering RPD fitted with particle filters or combination filters

The
the

complete RPD shall be tested for total inward leakage using an aerosol test agent. Eitithg RPD with

appropriate filter(s) for the specified RPD class.

10.4.3 Unassisted filtering RPD with gas/vapour or combination filters

The test agent(s) to be used shall be chosen in accordance with Figure 2.

Wh

sha
sha

bn inward leakage is to be determined using a gas test agent, breathable air (free of the
1 be supplied (on demand) to the filter. For this purpose, lightweight hose(s) and ple
1 be attached to the filter element(s) of the test specimen and breathable air (free of the

sup,

lied to it at a flow resistance (including hoses) within 10 % (when measured at a f

test agent)
hum cap(s)
test agent)
ow rate of

110[1/min) compared to that measured for the unmodified RPD:

Forjgas/vapour filters, when total inward leakage is to bé&determined using an aerosol test ags
the|gas filters by particle filters. The replacement pabticle filters shall have the same ma
and| breathing resistance (#10 %), (when measured-at a flow rate of 110 1/min), as their §
coupterparts, based on the mean of the suppliedfilters.

bnt, replace
5s (10 %)
bas/vapour

[t is|{important that the attachment of the surrogate filter(s) does not affect the fit of the devide, nor shall

its fitting replace any seals incorporated in'the device.

10.4.4 Assisted filtering RPD with particle filter(s) or combination filter(s)

The complete RPD shall be tested for total inward leakage using an aerosol test agent. Fit thg RPD with
the fappropriate filter(s) for/the’specified RPD class.

Theg RPD shall be tested at'the operating conditions as specified in the relevant performanc¢ standard.
WhEn the performancestandard requires that the RPD be operated at the minimum designejl operating
confditions as specified by the manufacturer, these conditions shall be re-created using appropriate
me4qns.

NOTE This'might require the use of an external power supply, or the use of a modified device sugplied by the
marnufacturer.

10.4-5-Assisted-filtering RPD-with-gas/rapour-or-combinationfilter{s}

The test agent(s) to be used shall be chosen in accordance with Figure 2.

When inward leakage is to be determined using a gas test agent, breathable air (free of the test agent)
shall be supplied to the filter. For this purpose, lightweight hose(s) and plenum cap(s) shall be attached
to the filter element(s) of the test specimen and breathable air (free of the test agent) supplied to it at a
flow resistance (including hoses) within +10 % (when measured at a flow rate of 110 1/min) compared
to that measured for the unmodified RPD.

For gas/vapour filters, when total inward leakage is to be determined using an aerosol test agent, replace
the gas filters by particle filters. The replacement particle filters shall have the same mass (10 %)
and breathing resistance (+10 %), (when measured at a flow rate of 110 1/min), as their gas/vapour
counterparts, based on the mean of the supplied filters.

© ISO 2014 - All rights reserved 11
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It is important that the attachment of the surrogate filter(s) does not affect the fit of the device, nor shall
its fitting replace any seals incorporated in the device.

The RPD shall be tested at the operating conditions as specified in the relevant performance standard.
When the performance standard requires that the RPD be operated at the minimum designed operating
conditions as specified by the manufacturer, these conditions shall be re-created using appropriate

means.

NOTE
manufactur

er.

This might require the use of an external power supply, or the use of a modified device supplied by the

10.5 Supplied breathable gas devices
The test agent(s) to be used shall be chosen in accordance with Figure 2.

The RPD shall be tested at the operating conditions as specified in the relevant perforniarice stand

When the j
conditions
means.

10.6 Supj
bined RP

Supplied b

as completle devices in both modes of operation in accordance with the requirements defined in

erformance standard requires that the RPD be operated at the minimum designed opera
as specified by the manufacturer, these conditions shall be re-created’using appropr

D)

Feathable gas devices which incorporate a filtration facility (combined RPD) shall be tes

plied breathable gas devices incorporating additional filtration capacity (com-

hrd.
[ing
jate

ted
the

performanice standards. When tested in supplied breathable gas'mode, the filters shall be fitted to[the
RPD and cgpped. The test agents shall be chosen in accordance with Figure 2.

The devicep shall also be tested in the filtration mode using a test aerosol. The device shall be fitted with
the approTiate particle filter(s) for the specified RPD\class.

The RPD shall be tested at the operating conditions as specified in the relevant performance standard.
When the gerformance standard requires that'the RPD be operated at the minimum designed operating
conditions|as specified by the manufactuker, these conditions shall be re-created using approprjate
means.

11 Methpd(s)

11.1 Tesmethod — General

11.1.1 Trgin the test\Subjects on how to correctly select and don the device in accordance with|the
informatioh supplied/by the manufacturer.

11.1.2 The testing officer shall ensure that the device has been correctly donned in accordance with| the
manufactulrer S ImStructions:

11.1.3 Inform the test subjects that if they wish to adjust the device during the background measurement
and acclimatization exercise they can do so. However, no further adjustments are allowed thereafter.

11.1.4 Ensure that the test subjects have no indication of the result as the test proceeds.

11.1.5 Have the subject enter the test enclosure.

11.1.6 Connect up the sampling probe and, if applicable, the clean air supply, the breathing sensor, and
compensating air. Operate the device as required in the relevant performance standard.

12
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11.1.7 For NaCl and SFg, it is necessary to establish a background level within the respiratory interface.
Without exposure to the test agent, measure the residual test agent concentration inside the respiratory
interface to establish the background level. The test subject shall walk on the treadmill at a speed of
4 km/h until a steady background measurement has been recorded.

11.1.8 Turn on the test atmosphere.

11.1.9 When the test atmosphere has stabilized the test subject shall perform the exercise regime
continuously as specified in Annex B.

11.1.10 If required by the relevant performance standard, introduce the 2 m/s crosswind|during the
appropriate exercise(s).

11.1.11 Record:
a) |enclosure concentration;

b) |the leakage over each exercise period, as defined in 11.2.2,11.3.2.2(and 11.3.3.2.

11.1.12 When the exercise regime has been completed, the tegt'subject can exit the enclosure. If
necpssary, turn the test atmosphere off and ensure that the testragent has cleared from th¢ enclosure
befgre removing the test subject.

11.1.13 When the RPD is to be reused, the device shall'he cleaned, disinfected, and dried repdy for use
in accordance with the manufacturer’s instructions. Fer RPD that is not designed to be cleaned, a new
sanjple shall be used.

11.2 Test method 1: Sulfur hexafluoride‘(SFg)

11.2.1 Test equipment
Typiical test arrangements are shown in Figures 10 and 11.

Thif method employs SF¢ as(a)test agent. The test subject wearing the device under test performs a
serjes of test exercises inside.an enclosure containing the SFg test atmosphere. Accurate detefminations
of l¢akage shall be possible at least within the range from 0,000 5 % to approximately 20 %.

© ISO 2014 - All rights reserved 13
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OANOM

10

enclosy

treadmj

baffle
duct
enclosy
respira
sample

-1

-2

re sample
fory interface sample

pump

circulatjion fan (if required)

Figure
hexaf

10
11
12

analyser
change-over valve
air.andSFq
breathable air

10 — Typical test arrangement for determination of inward leakage by the sulfur
Juoride method; showing RPD having a respiratory interface type L (loose fitting)
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1 |enclosure 9 analyser
2 |treadmill 10 ¢hange-over valve
3 |baffle 1~ air and SFg
4 |duct 12 breathable air
5 |enclosure sample
6 [|respiratory interface sample
7 |sample pump
8 [circulation fan (if required)
Figure 11 — Typical test arrangement for determination of inward leakage by the|sulfur
hexafluoride method;showing RPD having a respiratory interface type “T” (tight fiitting)
11.2.1.1 Test gasgeneration
The gaseous testagent is produced by feeding SF¢ from a compressed gas source into the pnclosure’s
air fleliverySystem. A test agent concentration between 0,1 % and 1 % SFg by volume is recdmmended,
starting with a low challenge concentration and increasing it when the results of a preliminary test
ind{cate.such a low leakage that higher concentrations are required and can be justified.

SFg with'a 99,99 % or higher purity shall be used.

11.2.1.2 Detection

The detection limit of the detector system shall be at least a factor of 10 lower than the level of SF¢ gas
that corresponds to the pass/fail level in the performance standard. The variation of the concentration
throughout the effective working volume shall be not more than 10 %. The test atmosphere shall be
analysed for SFg, preferably continuously, by means of a suitable analyser. The SF¢ concentration inside
the respiratory interface shall be continuously sampled at a constant sampling rate of between 0,3 1/min
and 1,5 1/min; and shall be analysed and recorded, preferably using an integrating recording system.
This concentration is a measure of the inward leakage.
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A suitable detection system can be either based on electron capture detection (ECD) or infrared (IR)
spectroscopy.

NOTE 1

The ECD instrumentation can be affected by changes in oxygen concentration within the respiratory

interface during the test, i.e. the change in oxygen concentration between inhalation and exhalation. These
changes can cause uncertainties in the measured leakage when measuring concentrations of < 0,1 x 10-6. The
measured result is intended to be corrected for this change.

NOTE 2

SFg is not removed by filters.

11.2.2 Calculation of leakage

Calculate t

P(%)

11.3 Test]
11.3.1 Teg

11.3.1.1 G

Typical tes

C,

Cq

e 100

the test agent concentration in the enclosure;

he measured mean concentration inside the respiratory intérface, corrected for back-
bund signal and the effect of oxygen change within the respiratory interface.

method 2: Sodium chloride (NaCl)
t equipment

eneral

t arrangements are shown in Figures 12 and 13.

he leakage, P, from measurements made over the last 80 % of each of the exercise peniods.

16

@)
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1 |enclosure 9  phbtometer
2 |treadmill 10 ‘t¢hange-over valve
3 [baffle 11~ NaCl aerosol
4 |duct 12 particle filter
5 |enclosure sample 13 pulsed sampling unit
6 |respiratory interface sample 14 dry air flow to sample probe
7 |sample pump 15 differential pressure monitoring line
8 [circulation fan (if required)

Figure 12 — Typical test arrangement for determination of inward leakage by the ¢

sodium

chlpride method (pulsed'sampling method); showing RPD having a respiratory interface type T
(tight fitting)
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enclosyre 9 photometer
treadmjll 10 change over valve
baffle 11 airandNaCl aerosol
duct 12 particle filter

1

2

3

4

5 enclosyre sample
6  respirafory interface sample
7  sample[pump

8

circulatjion fan (if required)

Figure[13 — Typical test arrangement for determination of inward leakage by the sodium
chlorid¢ method (continuous sampling); showing RPD having a respiratory interface type
(loose fitting)

=

This meth¢d employs NaCbas the test agent. The test subject wearing the RPD under test performs a
series of tgst exercises inside an enclosure containing the NaCl test agent. Accurate determinations of
leakage shall be possiple at least within the range from 0,01 % to approximately 20 %.

The mean NaCl ¢oncentration within the enclosure shall be (8 + 4) mg/m3 and the variation throughout
the effectiye workmg Volume shall be not more than 10 %. The partlcle 51ze dlstrlbutlon shall| be
polydisperse : ' '
median aerodynamlc diameter of (0,6 £0,1) um.

NOTE A cascade impactor has been found suitable for the determination of the particle size distribution
within the chamber.

The test agent concentration is monitored, preferably continuously, during the tests using a separate
sampling system to avoid contamination of the respiratory interface sampling lines. It is preferable to
use a separate detector (e.g. photometer) for this purpose.

If a second detector is not available, sample the test agent concentration using the separate sampling
system and the same detector. However, time shall then be required to allow the detector to return to a
clean background.
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It is important that identical sample rates, flow rates for drying air, and additional photometer air (if
required) are used for both respiratory interface and enclosure samples in order to directly apply the
formulae shownin 11.3.2.2 and 11.3.3.2.

11.3.1.2 Test aerosol generation

The NaCl aerosol shall be generated from a solution of reagent grade NaCl in distilled water. An example
of an atomiser is shown in Figure 14.

The atomlzer shall prov1de a continuous flow of aerosol 1nto a duct through which a constant flow of air

11.

A fl
resj

The
a)
b)
‘)
d)

e)

.3.1.3 Detection systems

ds should be of large radius to minimize loss of NaCl particles. The air within the-encl
e a relative humidity of not greater than 60 %. It might be necessary to heat or dehumidif
br to obtain complete drying of the aerosol particles.

8.1.3.1 Flame photometer

hme photometer is used to measure the concentration of NaCllinside the enclosure and
piratory interface.

essential performance characteristics for a suitable instfument are set out below.

It shall be a flame photometer specifically designed for the direct analysis of NaCl aeros
It shall be capable of measuring concentration(s) of NaCl aerosol between 15 mg/m3 and
The total aerosol sample rate required by the flame photometer shall not be greater tha

The response time of the flame photometer, excluding the sampling system, shall not
than 500 ms (to 90 % fsd).

The response to elements other than sodium, particularly carbon, the concentration of]
vary during the breathingsycle, shall be reduced. This can be achieved by ensuring th

are included.

1ct shall be
‘ticles. Any
bsure shall
y the air in

inside the

Dl
10 ng/m3.
h 15 [/min.

be greater

which will
ht the band

pass width of the interference filter is no greater than 3 nm and that all necessary side-hand filters
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Dimensions in millimetres

19
= 0 . $2.8
m ®15,7 -0,05 o .. 3/8 BSF -
<< o111 L8 il .
o | N Y \ ~
o~ m ~< i )
| \ y o~y |
[ A=rE M 'L —
‘ ‘ ’ ‘T ' R) ,—:? ts ~ & ol L
‘ g 1 ) o ! Q +(1)\'05 30° i
‘ 300;‘ 1J,7 Y | B
: Y
0,46 4.8 £
- ~ ol e
L8 N .
>l < ' s S
0 \ '
20,6 -0,13 :
[
©96,5 5 4
I i 1 Tz /
S i < = N7 | 7/ 1 ©36,5
| é % 10
N I | ; ‘
2 T 1 m 1 T o s
~ Ll il ‘ 4 Ny
WLLMAMAL <—'—;' 2 1 ! '
I N 1exis®
I | | | | | ’
an ‘ ‘ ‘ | S : -3
1 I ! [ ?28
= ; = & | Z=am -
- ®120 . ;
Key
1 nozzle
2 feet tube (salt solution)
3  sleeve
4  bush
5 air tube (10,0 outer diameter)

Figure 14 — Example of NaCl atomizer assembly

20 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=ab428f027dd17fb19b13e6862cd6117f

ISO 16900-1:2014(E)

11.3.1.3.2 Condensation particle counter

The CPC analysis method for sodium chloride aerosol shall be restricted to testing inward leakage with

sup

plied breathable gas devices and is not suitable for filtering devices.

A condensation particle counter is employed to measure the concentration of NaCl particles inside the
enclosure and inside the respiratory interface.

The essential performance characteristics for a suitable instrument are set out below.

a) The instrument shall be capable of counting all particles in the range of 0,010 to 1,0 pm diameter.

b)

‘)
d)

Wh
be 4
cha

11.

Ifn
The
cau
san

The condensation particle counter shall have a range of 0 to greater than 106 particles/.
test aerosol.

The total aerosol sample rate required by the detector shall not be greater than'21/min,

(to 90 % fsd).

bre a condensation particle counter is used, the output from the ehallenge aerosol geng

mmber.

8.1.3.3 Sample pump

pump is incorporated into the detector, an adjustableflow pump is used to withdraw an
pump shall be such that aerosol losses are minjftized within the pump and changes i
ced by changing pressure within the sampling Zone are also minimized. Adjust the pur
ple at a constant flow of between 0,3 I/min and 2 1/min. Some types of detectors require

higher than this sampling flow rate. In these cases, dilute the sample with clean air (free of

acc
11.

11.

A sy
the
The
filte

Sys
a)

rdingly in addition to the drying air intfeduced into the probe at the sample point.
8.2 Pulsed sampling — Method 2A

8.2.1 General

rstem is required which.will switch the sample to the detector only during the inhalati
test subject’s respiratory cycle. During the exhalation phase, clean air shall be fed to th
source of this clean-air is usually laboratory air at ambient temperature, passed throug
r of penetration <’ 0,001 %, shown in Figure 12 as item 9 and 10. The essential element
em are:

an electrically operated valve with a response time of the order of 100 ms (it is rec
thatsthe valve should have the minimum possible dead space compatible with straig
urrestricted flow when open);

rm3 for the

The response time of the detector, excluding the sampling system, shall not:be greater than 500 ms

rator shall

idjusted so as to maintain a particle concentration of (2 + 0,2) x™105 particles/cm3 within the test

hQir sample.
n flow rate
np so as to
a flow rate
test agent)

dn phase of
e detector.
 a particle
s of such a

bmmended
t-through,

b) a breathing sensor that is capable of detecting the change from inhalation to exhalation within
30ms. The breathing sensor, which can be either a pressure sensor or a temperature sensor, is

c)

connected to a probe fitted in the respiratory interface near the leakage sample probe;

the sensor shall have an adjustable threshold and be capable of differential signalling when the
threshold is crossed in either direction. The sensor shall work reliably when subjected to the

accelerations produced by the head movements of the test subjects;

d) aninterfacing system to actuate the valve in response to a signal from the breathing sensor;

e)

a timing device to record the proportion of the total respiratory cycle during which sampling

occurred.

Figure 12 shows a schematic diagram of such a sampling system.
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11.3.2.2 Calculation of leakage

Calculate the leakage, P, from measurements made over the last 80 % of each of the exercise periods.

The leakage, P, is the ratio of the concentrations with correction terms for the sampling time and the
effects of dilution.

p(0) :E_z} . {tm;tex} . [s ;D} * 100
1 in

where

C1

C2

tin

tex

Measurem
11.3.3 Co

11.3.3.1 G

A sampling
the respira
apply a cor

11.3.3.2 G

Calculate t

P(%)

where

22

is
mg
is
g

—

is
is
is

is

(2)

the test agent concentration in the enclosure (observing the employed dilution rate for
basuring C7);

he measured mean concentration inside the respiratory interface, corrected-for back-
pund level;

the total duration of inhalation (s);
the total duration of exhalation (s);
the drying air flow rate (1/min);

the respiratory interface sample flow rate (1/min).

ent of Cp is preferably made using an integrating recorder.
htinuous sampling — Method 2B

eneral

system that samples continuously from the cavity of the respiratory interface through
tory cycle of the test subject' As sodium chloride is retained in the lungs, it is necessar
rection factor in calculating inward leakage.

alculation of leakage
he leakage P using Formula (3):

_ 1252 .[S+D}-1oo
) D

out
y to

(3)

is the test agent concentration in the enclosure (observing the employed dilution rate for
measuring C2);

is the measured mean concentration inside the respiratory interface, corrected for back-
ground level;

is the drying air flow rate 1/min;

is the sample flow rate in 1/min.
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1,25 factor to allow for lung retention of sodium chloride (it has been derived on the assumption of an
air flow rate of the device of 120 I/min and a wearer’s breathing rate of 40 1/min).

11.4 Test method 3: Corn oil aerosol
11.4.1 Test equipment

11.4.1.1 General

Typical test arrangements are shown in Figure 15

This method employs corn oil as a test atmosphere. The test subject wearing the RRD [under test
performs a series of test exercises inside an enclosure containing the corn oil test atmospherg. Accurate
detérminations of leakage shall be possible at least within the range from 0,01 % to approximjately 20 %.

The test agent concentration is monitored, preferably continuously, during the tests using|a separate
sanjpling system to avoid contamination of the respiratory interface sampling’lines. It is pijeferable to
usela separate detector for this purpose.

The environmental control system shall be capable of maintaining a range of operating condjtions from
20 % RH to 80 % RH and from 18 °C to 35 °C. The nominal target;test conditions are 16 9C to 28 °C,
(50| 5) % RH.

An electrostatic classifier is recommended for checking the size distribution of the test aerool.

© ISO 2014 - All rights reserved 23


https://standardsiso.com/api/?name=ab428f027dd17fb19b13e6862cd6117f

ISO 16900-1:2014(E)

4
3 { V11 |
N C
7
5 NN
‘ % 10
7
8— ﬂ% 6 N
\Z
[A) /(/
12
9
0// 1
C >
Key
enclosyre 9 analyser
treadmfll 10 change-o6ver valve
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Figure[15 — Typical test arrangement for determination of inward leakage by the corn oi
method (continuous sampling); showing a RPD with a class cT respiratory interface

11.4.1.2 Test aerosol generation

The test agrosol is generated by atomising the corn oil using compressed air. Corn oil utilized shall
comply with Chemigal Abstract No. 8001-30-7.

test aerosdl ‘eoncentration with a mass median aerodynamic diameter (MMAD) of 0,4 um to 0,7 g in
the test enclosure and a geometric standard deviation of < Z,0.

The aerosql geferator shall be capable of generating and maintaining 20 mg/m3 to 26 mg/m3 of cory oil

The equipment shall be capable of operation without using recycled air.

11.4.1.3 Detection

An aerosol measurement system is used to measure the concentration of the corn oil aerosol inside the
enclosure and inside the respiratory interface. Accurate determinations of leakage shall be possible at
least within the range from 0,001 % to approximately 20 %. The minimum limit of detection should
be < 0,01lmg/m3. A suitable aerosol measurement system can be based on rear light scattering laser
photometers.
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11.4.1.4 Calculation of leakage

Calculate the leakage, P, from measurements made over the last 80 % of each of the exercise periods.

P(%) = (C:—Z * 100
1

where

(C1 is the test agent concentration in the enclosure;

For
cald

13

An
as d

NO1
bety

C, isthe measured mean test agent concentration inside the respiratory interface, toffj
background level.

Test report

information identifying the PCA cell number of the test panél stibjects;
the arithmetic mean percentage inward leakage for eachcexercise for each individual tes

the arithmetic mean percentage inward leakage for thewhole test exercise regime for each
test subject;

the 95th percentile percentage inward leakage' calculated from the whole data set in c);

identification of the RPD.
ulation for arithmetic mean.

Uncertainty of measurement

bstimate of the uncerntainty of measurement associated with this method of test shall be
escribed in ISO 21748. The value of this estimate shall not exceed + 10 %.

E The use\of transfer standards can assist in establishing common uncertainties of m
veen laboratories.

(4)

ected for

test report shall include information regarding those parameters'specified in Clause }, together
with the following, as a minimum:

t subject;

individual

combined and multi-functional RPDtest exercise number 11 (Table B.4) shall be included in the

stablished,

easurement
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Application of uncertainty of measurement

rmination of comnliance
o OO

P T IITTITorer PrratrceT

In order toldetermine compliance or otherwise of the measurement made in accordance with-this

method, w

protocol sHall be applied.

If the test result + the uncertainty of measurement, U, falls completely inside or outsidethe specifica
zone for the particular test given in the protective device standard, then the result‘shall be deeme

be a straig

Key
lower s

Ul s W N

26

htforward pass or fail (see Figures A.1 and A.2).
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uncertdinty of measurement, U
measurjed value

Figure A.1 — Result pass

test

ien compared to the specification limits given in the protective device standard, thelfollowing

fion
1 to
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upper specification limit
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Figure A.2 — Result fail

If the test result + the uncertainty of measurement, U, overlaps a specification limit valu¢ (upper or
lower) for the particular test given in the protective devicerstandard, then the assessment ofjpass or fail
sha|l be determined on the basis of safety for the wearer of the device; that is, the result shallfbe deemed
to be a fail (see Figure A.3).

5
4 l 4
|
|
| .
2
1 3
Key
1 |lower specification limit
2 |specifieation zone
3 |upperispecification limit
4 |uneertainty of measurement, U
5 measured value

Figure A.3 — Result fail
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