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ISO 16900-1:2019(E)

reword

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.
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orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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5 document was prepared by Technical Committee ISO/TC 94, Personal safety — Protect
equipment, Subcommittee SC 15, Respiratory protective devices

5 second edition cancels and replacesithe first edition (ISO 16900-1:2014), which has been
sed.

main changes compared to the previous edition are as follows:

the criteria for selection‘of test panels has been changed from the principal componen
(PCA) method to the-bivariate grid method. References to the PCA method in other cl
been modified as necessary;

a new clause has-been added to address measurement of inward leakage in the ocular zg
a figure has-been added to illustrate the pulsed sampling system;

the conditions for use of a condensation particle counter have been modified;
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Annex D has been re-written to reflect changes to the criteria for selection of test panelg.

The list above is not intended as a complete list of all changes.

Alist of all parts in the ISO 16900 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document is intended as a supplement to the respiratory protective devices (RPD) performance
standards. Test methods are specified for complete devices or parts of devices. If deviations from the
test method given in this document are necessary, these deviations will be specified in the performance
standards.
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INTERNATIONAL STANDARD ISO 16900-1:2019(E)

Respiratory protective devices — Methods of test and test
equipment —

Part 1:
Determination of inward leakage

1 (Scope

Thif document specifies the test methods for determining inward leakage of respiratory intdrfaces (RI)
and) total inward leakage of complete respiratory protective devices (RPD) using-specified test agents
and incorporating specified body movements, at specified metabolic work rates.

These tests are conducted in laboratories using specific test agents under specified conditions and
therefore do not indicate the performance of the device in actual use:

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
conktitutes requirements of this document. For dated*teferences, only the edition cited gpplies. For
undated references, the latest edition of the reference@document (including any amendmengs) applies.

ISO| 16972, Respiratory protective devices —s\Terms, definitions, graphical symbols and units of
medsurement

[SO|16900-5, Respiratory protective devicess— Methods of test and test equipment — Part 5 Breathing
maghine, metabolic simulator, RPD headforms and torso, tools and verification tools

[SO|17420-3, Respiratory protective devices — Performance requirements — Part 3: Thread cophnection

[SO|21748, Guidance for the use“of repeatability, reproducibility and trueness estimates in measurement
uncgrtainty evaluation

[SOfTS 16976-2:2015, Respiratory protective devices — Human factors — Part 2: Anthropometrics

3 |Terms and definitions
For|the purposes of this document, the terms and definitions given in ISO 16972 and the following apply.

[SOfand1EC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1

assisted filtering RPD

filtering RPD in which air is moved through the filter(s) by means of a blower in addition to the 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

© IS0 2019 - All rights reserved 1
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3.3

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

4 Prerequisites

The performance standards shall indicate the conditions of the test. This includes the following:

a)
b)

minimum number of test samples;
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brcise regime to be used;

ppriate, the use of crosswinds during particular test exercises;
Clusions from the test exercise regimes of Annex B;

or conditioning, sequence of preconditioning, and/or testing required;
cessory(ies) of the RPD to be included in the assessment;

on of test panel candidates.

ral test requirements

erwise specified, the values stated in this documentiare expressed as nominal values. Ex
hture limits, values which are not stated as maxima or minima shall be subject to a tolerd
less otherwise specified, the ambient conditions for testing shall be between 16 °C and 3
0) % RH. Any temperature limits specified shall be subject to an accuracy of +1 °C.

the required measurements performed in accordance with this document, a correspongd

fept
nce
P °C

ling

f the uncertainty of measurement.ghall be evaluated. This estimate of uncertainty shalll be

n reporting test results, in ordef. to enable the user of the test report to assess the reliab
tin accordance with Annex A.

Uncertainty of measurement.can be calculated in accordance with JCGM 100[2],

6 Prindiple

6.1 Gen

bral

A test sub
atmosphe

ect wearing the RPD being tested performs a series of exercises while surrounded by
containing a known concentration of a test substance. During these exercises,

concentratjianof the test substance inside and outside the respiratory interface (RI) is measured

lity

f an
the
and

compared.

6.2 Choice of test agent

Three test agents are specified: one 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
and are chosen according to Figure 1 and Figure 2. When using sodium chloride as the test agent for
respiratory interfaces type T (tight fitting), Method 2A (pulsed sampling) shall be used.

Where a choice of gas or aerosol is permitted according to Figure 1 and Figure 2, the aerosol test
methods are preferred. SF, is regarded to be a greenhouse gas and its use is deemed undesirable where

it could be

avoided.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=cb98d46e951779a20b9c16b11bb13b4d

Start

is the
RlatypeL
(loose-fitting)

Rlis
considered not
to be porous

ISO 16900-1:2019(E)

does RI

yes

incorporate
holes

perform the
porosity test

/ Rl is
considered

NOTE Excluded are RPD which are obvipusly open to the atmosphere and which need not be te

challenge gas.

/ to be porous

®

Figure 1 — Determination of porosity of RI (Respiratory Interface)
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Figure 2 — Détermination of test methods for RI (Respiratory Interface)

7 Human testpanel

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 known allergies, examination, or
supervision of the test subjects.

7.1.2 Test subjects shall be trained in wearing the type of RPD being tested.

7.1.2.1 Unless the information supplied by the RPD manufacturer specifies that the device can be worn
by persons with facial hair, then 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.

4 © IS0 2019 - All rights reserved
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7.1.2.3 If more than one size of respiratory interface is manufactured, the test subjects shall select the
most appropriate size in accordance with the information supplied by the manufacturer.

7.1.3 The test subject shall be informed of all aspects of the test to be undertaken. In particular,
where the total length of the test duration is as long as 40 min, it shall be ensured that the test subject is
physically able to undertake a test of this duration.

When using particle counting detection methods, the test subject should refrain from smoking for at
least 30 min before wearing the RPD.

7.2[ Testpanel

Unlgss otherwise specified in the performance standards, the test panel shall consist @f15 tgst subjects
seldcted according to the following criteria:

a) |Candidates for the test panel shall be measured for face length and face width in accorflance with
ISO/TS 16976-2:2015, Annex C;

b) [The face length and face width measurements of the candidates shall be used to allocate the
candidates to the cells of the bivariate panel according to ISO/TS$16976-2:2015, 8.2, (sed Annex D);

c) |Any candidate for whom the bivariate measurements for faceswidth and length fall outside of the
limits of the panel (see ISO/TS 16976-2:2015, Figure C.1) shall not be used as a test subjgct;

d) |The selection of the subjects for a test panel shall take.into consideration the size of the fespiratory
interface as defined by the manufacturer;

NOTE In certain circumstances (e.g. for class dT.respiratory interfaces) it can be necessary|to take into
consideration neck circumference.

e) |Where an RPD equipped with a tight fitting respiratory interface (Type T) is being [tested, the
fit of the respiratory interface shall be-assessed on each subject in accordance with the method
specified in the information supplied by the RPD manufacturer. If the respiratory int¢rface does
not fit the subject in accordancewith the test required by the manufacturer, then that subject
shall be excluded from the test panel and shall be replaced with an alternative test subject. The fit
assessment described shallibe performed in a separate test, prior to the inward leakage §ssessment

8 |Test agents

Three test agents arespecified for the inward leakage tests:
a) [testagentd,s sulfur hexafluoride gas (SF);

b) [testagent2 = sodium chloride aerosol (NaCl);

c) |testagent 3 = corn oil

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

If porosity is indicated by the results from the materials porosity test (see Annex C), then the RPD shall
be tested using sulfur hexafluoride gas.

© IS0 2019 - All rights reserved 5
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9 Apparatus

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.
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[ standing centrally (on the treadmill where appropriate) and without crosswind conditi
ficient to maintain the specified concentration but shall not exceed 0,2 m/s.

e in the enclosure. A means of providing communication between the test subject(s) and
or(s) shall be provided.

be tested under crosswind conditions, provision shall be made to~generate a crossw
cross the enclosure, from the front, rear or side (left or right), imythe vicinity of the
pad.

for each test subject.

the test agent), where necessary.

e of the test chamber shall be large enough, and the replacement rate of the test atmosp
ch as to prevent dilution of the test atmo$§phere by clean air emanating from the de

gas is employed as the test atmosphere, the test chamber should preferably permit
of the air/SFg 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
all be used.

 of an aerosol, ofthre required particle size distribution.

ction systemt - General, either one detector or different detectors for measuring the
nd the respiratory interface sample concentrations.

ion‘system including sampling probes and connections shall have a response time of

DS,

ire shall be designed so that the test subject is visible from the outside of the enclosure aft all

the

ind
fest

uch provision could need to be adjustable in height to generate the crosswind at the position

of the enclosure shall be such that the device worn by the subject can be supplied with clean

ere
Vice

re-

1 in

agent generator - General, capable of generating the test agent in the required concentration,

test

less

pr-aresponse of 10 % to 90 % of the full-scale deflection of the range used. Further detai

s of

ons 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 the inward leakage test, examine the RPD in accordance with the information supplied by the
manufacturer to ensure that it is in good working condition and can be used without hazard to the test

subject.
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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 to be
determined. Further details are given in 10.4, 10.5, and 10.6.

10.2 Sample tubes and probe

In order to sample and analyse the air inside the respiratory interface, make a hole in the respiratory
interface and insert a light weight probe through which the sample is drawn by a suitable sample pump.

Wherever p0551ble a multlple hole samplmg probe (Figure 3 and Figure 4) should be used to minimize
samyp A 3 e used-the entry shall
contain a chamfer An example is shown in Flgure 5. Flgures 6 to 9 show the posmons oft e sampling
propes in different types of respiratory interface. The materials of the probe can be chosen t¢ match the
respiratory interface design under test, for example to minimise the weight of the probe assgmbly.

Dimensions in millimetres
b

}

: A2
3 _Z!%,__%?? = |
_ 1

Key
eight holes, diameter 1,5 mm, equally-spaced
suitable flexible tube

a | Direction of drying air (for soditun'chloride only).

b 1Connection to sample pump.,

Figure 3 — Example of ball probe

© IS0 2019 - All rights reserved 7
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Dimension in millimetres

025
!
—
=
|
|
|
f

Key
1 eighth¢les, diameter 1,5 mm, equally spaced
suitabl¢ flexible tube
Directi¢n of drying air (for sodium chloride only).
b Connedtion to sample pump.

Figure 4 — Example of disc probe

Dimensions in millimdtres

?8.1
4.1
|
i
|

K\

Key
probe thbé

inner nkt

inner washer
respiratory interface material
outer washer

outer nut

N O U1 W N

sampling tube

Figure 5 — Example of sampling probe with chamfer
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—

g

aY
2O
-/

Figure 6 — Example of position of a ball probe used on device with rigid visoyr

D

g

Figure 7 — Example of position of a disc probe used on filtering RPD

© IS0 2019 - All rights reserved 9
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Key

1  hood upder test

2 headbapd

3 adjustaple arm

4  ball saqiple probe

Figure 8 — Typical arrangement for sampling from device with soft plastic hoods

Figure 9 — Example of position of sampling probe with chamfer in filtering RPD

The probe shall be fitted securely to the respiratory interface, terminating as near as possible to
the wearer’s face (<10 mm) and preferably midway between the nose and mouth. Where necessary,
for flexible, soft, or lightweight respiratory interfaces, employ a means to support the weight of the
probe assembly and associated tubing (see Figure 8) e.g. a head harness, to prevent distortion of the
respiratory interface. This distortion can alter the face seal, causing additional leakage.

A second sampling probe (identical to the first) shall be used to measure the ambient concentration of
test agent in the test enclosure. This shall be placed close to the RPD, but away from the effect of any
exhalation from the RPD under test. The sampling probes shall be connected to the analysing equipment
by means of flexible thin-walled tubing of about 3 mm bore, the length of which shall be kept as short as
possible. The two sampling tubes shall be of the same type and length.

10 © IS0 2019 - All rights reserved
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Where the performance standards require that a sample be withdrawn from the ocular region of the
respiratory interface, through which under normal conditions of use there is no airflow, the sampling
probe shall be positioned on one side of the test subject at eye level and the compensating air probe
shall be positioned on the opposite side of the test subject. See 11.5 for details.

Care shall be taken to ensure that the sample tubes and probe do not disturb the normal fit or shape of

the

respiratory interface.

10.3 Sample flow rates

Sa

/stem. The

san|
RPI

Wh
is a
The
min

leak

aer

10.

10.

Un34
sha

Cled

the
hos
110

Fitt
sup,

Thd

10.

Thd
the

leakk
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n]n flaw rates shall he hetween n 1 ]/mln and 2 ]/mIn Happnr‘hnn on the detection-s

ple flow rate shall be kept as low as p0551ble So as not to change the designed perfofim
being tested.

bn sodium chloride is used to test negative pressure devices, drying air at a flow of a
dded to minimize condensation and hence loss of sodium chloride particles.in the sa
sample flow rate from the respiratory interface is equal to the total flow. through the sa
us the flow rate of dry air. A correction shall be made for the diluting. effect of this d

fage calculations are performed (see 11.3.2.2 and 11.3.3.2). Dry air i§not required if gas
psol is the test agent.

4 Filtering RPD preparation

1.1 Unassisted filtering RPD with a connector in accerdance with ISO 17420-3

ssisted RPD incorporating a respiratory interface #ith a connector in accordance with I
1 be fitted with the filter simulator as specified i ISO 16900-5, instead of a filter.

hnce of the

bout 1 I/min
rerling tube.

mple pump
y air when
or corn oil

50 17420-3

in breathable air (free of the test agent) shall be supplied (on demand) to the filter simglator via a
lightweight hose. It is important that the attachment of the clean air hose to the device doe

fit of the device on the test subject. The breathing resistance of the combination of th
b and filter simulator shall be within,10 % of the filter simulator alone when measured
1/m.

ing of the hose shall not replace any seals incorporated in the RPD. If necessary the hd

ported.

test agent(s) to be uSed'shall be chosen in accordance with Figure 2 and Clause 8.

1.2 Unassisted\filtering RPD fitted with particle filters or combination filters

complete RPD shall be tested for total inward leakage using an aerosol test agent. Howg
RPD isfitted with a combination filter and the RI is determined to be porous, then t
fage test sets shall be performed, one using gas according to test method 1 and the ¢
psol according to either test method 2 or test method 3.

5 not affect
e clean air
ht a flow of

se shall be

ver, where
wo inward
ther using

Fit the RPD with the 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 1 and Figure 2.

Where the RPD is fitted with a combination filter and the RI is determined to be porous, then two
inward leakage test sets shall be performed, one using gas according to test method 1 and the other
using aerosol according to either test method 2 or test method 3.

When inward leakage is to be determined using a gas test agent, breathable air (free of the test agent)
shall be supplied (on demand) 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)

© IS0 2019 - All rights reserved 11
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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 high efficiency (F5) particle filters. The surrogate 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.

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.

10.4.4 Aspisted 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. However, where
the RPD id| fitted with a combination filter and the RI is determined to be porous, then“two inward
leakage tes$t sets shall be performed, one using gas according to test method 1 and-the other ufing
aerosol acdording to either test method 2 or test method 3.

Fit the RP}) with the appropriate filter(s) for the specified RPD class.

The RPD shall be tested at the operating conditions as specified in the releyant’performance standajrds.
When the performance standards require that the RPD be operated at the mminimum designed operafing
conditions ps specified by the manufacturer, these conditions shall be re-greated using appropriate mepns.

NOTE This can require the use of an external power supply, or the.use of a modified device supplied by the
manufacturer.

10.4.5 Asfpisted filtering RPD with gas/vapour or combination filter(s)

The test agent(s) to be used shall be chosen in accordance with Figure 1 and Figure 2.

Where the| RPD is fitted with a combination filter’and the RI is determined to be porous, then fwo
inward lealkage test sets shall be performed, prte using gas according to test method 1 and the other
using aerosol according to either test methed\2 or test method 3.

When inwdrd leakage is to be determjried ‘using a gas test agent, breathable air (free of the test agpent)
shall be supplied to the filter. For thispurpose, lightweight hose(s) and plenum cap(s) shall be attadhed
to the filtef element(s) of the test Specimen and breathable air (free of the test agent) supplied to itjat a
flow resistpnce (including hose§) within +10 % (when measured at a flow rate of 110 1/min) compdred
to that medsured for the unmodified RPD.

For gas/vapour filters, when total inward leakage is to be determined using an aerosol test agent,
replace thq gas filtersiby high efficiency (F5) particle filters. The surrogate replacement particle filters
shall have the samg mass (+10 %) and breathing resistance (10 %), (when measured at a flow ratfe of
110 1/min){ as theitgas/vapour counterparts, based on the mean of the supplied filters.

It is imporftdnt 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 standards.
When the performance standards require 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 This can require the use of an external power supply, or the use of a modified device supplied by the
manufacturer.

10.5 Supplied breathable gas devices

The test agent(s) to be used shall be chosen in accordance with Figure 1 and 2.
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The RPD shall be tested at the operating conditions as specified in the relevant performance standards.
When the performance standards require 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.

10.6 Supplied breathable gas devices incorporating additional filtration facility
(combined RPD)

Supplied breathable gas devices which incorporate a filtration facility (combined RPD) shall be tested
as complete devices in both modes of operation in accordance with the requirements defined in the

performance standards When tested in supplled breathable gas modes the f11ters shall be fitted to the
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devices shall also be tested in the filtration mode using a test aerosol. The-device sha
n the appropriate particle filter(s) for the specified RPD class. However, wherethe RPD is
mbination filter and the RI is determined to be porous, then two inward-leakage test s¢
formed, one using gas according to test method 1 and the other using aerosol accordir
method 2 or test method 3.

RPD shall be tested at the operating conditions as specified in the relevant performance

ditions as specified by the manufacturer, these conditions.Shall be re-created using a met
ween the test house and the manufacturer.

Test methods
1 General

L.1 Train the test subjects on how ¢p. correctly select and don the device in accordan
rmation supplied by the manufacturer.

1.2 The test operator shall ensure that the device has been correctly donned in accordan
rmation supplied by the manufacturer.

1.3 Inform the testsubjects that if they wish to adjust the device during the background m¢
acclimatization gxercise they can do so. However,; no further adjustments are allowed the

s specified
lance with

Il be fitted
fitted with
bts shall be
g to either

standards.

en the performance standards require that the RPD be operatedat the minimum designed operating

hod agreed

e with the

ce with the

asurement
reafter.

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.

Vi al 4 £l L L d 3£ | H L1l £l ] H 1 £l L £k
U UUIIIITLUU ul.) CIIT acuuyuus lJlUUC dalliy, 11 CllJPllLClIJlC, LIIC LIt dIll dIll DulJlle, LIIC Urcdtill lng SenSOr,

11.
the differential pressure sensor and compensating air. Operate the device as required in the relevant
performance standards.

11.1.7 For NaCl and SF, 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.

© IS0 2019 - All rights reserved 13
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11.1.10

11.1.11
a)

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

Record:

enclosure concentration;

b) the leakage over each exercise period, as defined in 11.2.2, 11.3.2.2, and 11.3.3.2. Although there
are two head movements included in exercise 5 and in exercise 7 (see Tables B.1 and B.2), a single
TIL value shall be calculated and recorded for the whole exercise 5 and the whole exercise 7.

11.1.12
If necessar
before the

11.1.13
disinfected
not designg

11.2 Test]

11.2.1 Te
Typical tes

This meth
series of te

When the exercise regime has been completed, the test subject can exit the engles
y, turn the test atmosphere off and ensure that the test agent has cleared from the.enclos
fest subject exits the chamber.

When the RPD is to be used for more than one test subject, the device shall be clea
and dried in accordance with the information supplied by the manufactuter. For RPD th
bd to be cleaned, a new sample shall be used.

method 1: Sulfur hexafluoride (SF)

5t equipment
t arrangements are shown in Figures 10 and 11.

pd employs SF, as a test agent. The test subject(wWearing the device under test perforn
St exercises inside an enclosure containing the\SF, test atmosphere.

ure.

ure
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1 |enclosure 8 circulation fan (if required)
2 |treadmill 9 analyser
3 [baffle 10~ change-over valve
4 |duct a2 Airand SFq,.
5 |enclosure sample b Breathable air.
6 |respiratory interface sample ¢ Excess air exhaust.
7 |sample pump
Figure 10 — Typical test arrangement for determination of inward leakage by the(sulfur
heexafluoride method with.one analyser and change over valve; the figure shows RPD with a
respiratory interface type L (loose fitting)
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Key
1 enclosyre 8 circulationfan (if required)
2 treadmjll 9 analyser
3 baffle 10 change-over valve
4 duct 2 Air and SFq,.
5 enclosyre sample b \\*Breathable air.
6  respirafory interface sample %  Excess air exhaust.
7  sample[pump
Figurg 11 — Typical test arrangement for determination of inward leakage by the sulfur
hexaflupride method with one analyser and change over valve; the figure shows RPD withja
respiratory interface type T (tight fitting)

11.2.1.1 Test gas generation
The gaseoys test agentis produced by feeding SF, from a compressed gas source into the enclosyre’s
air delivery system¢A test agent concentration between 0,1 % and 1 % SF, by volume is recommengled,
starting wjth a lewsChallenge concentration and increasing it when the results of a preliminary [test
indicate sufch aglow leakage that higher concentrations are required and can be justified. The variatign of

the concengration throughout the effective working volume of the enclosure shall be not more than 1(|) %.

SF¢ with a 99,99 % or higher purity shall be used.

11.2.1.2 Detection

The test agent concentration in the enclosure shall be analysed for SF, preferably continuously, by
means of a suitable analyser. The SF; concentration inside the respiratory interface shall be continuously
sampled, preferably with a separate analyser, 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.

If a second analyser is not available, the test agent concentration in the enclosure and in the respiratory
interface shall be sampled using a single analyser with a change over valve and a separate sampling
system. However, time shall then be required to allow the analyser to return to a clean background
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before changing over from sampling the test agent concentration in the enclosure to sampling from
inside the respiratory interface.

A suitable detection system can be either based on electron capture detection (ECD) or infrared (IR)
spectroscopy.

NOTE1 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 106 % by
volume. The measured result is intended to be corrected for this change.

NO £ SL _3c pnot varaouad by f1leqrec
= T o Ot T ooV ey TIrecT o

11.2.2 Calculation of leakage

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

P(%)=g—2x1oo (1)
1

where

C; 1isthe test agent concentration in the enclosure;

C, isthe measured mean concentration inside the re§piratory interface, corrected for lpack-
ground signal and the effect of oxygen change within the respiratory interface.

11.3 Test method 2: Sodium chloride (NaCl)
11.8.1 Test equipment

11.8.1.1 General

Typiical test arrangements are shown in Figures 12 and 13.
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1 enclosyre 10
2 treadmjll 11
3 baffle 12
4 duct 13
5 enclosyre sample 14
6  respirafory interface sample flow plus dry air flows (15
7  sample[pump a
8 circulatlion fan (if required) b
9 photonjeter

Figure

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

change-over valve
particle filter
pulseédsampling unit

dry air flow to sample probe
inhalation/exhalation sensor line
particle filter for clean air used during exhale cygle

NaCl aerosol.
Excess air exhaust.

chloride method (pulsed sampling method) with one analyser and change over valve; the figure

shows RPD having a respiratory interface type T (tight fitting)

18

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=cb98d46e951779a20b9c16b11bb13b4d

ISO 16900-1:2019(E)

10

11

1
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enclosure 8 circulation fan (if required)
treadmill 9 photometer

baffle 10~ change over valve

duct 11 particle filter

enclosure sample a  NaCl aerosol.

respiratory interface sample b Excess air exhaust.

N O U W e

sample pump

Figure 13 — Typical test arrangement for determination of inward leakage by the $odium
hloride method (continueus sampling) with one analyser and change over valve; the figure
shows RPDhaving a respiratory interface type L (loose fitting)

(]

Thif method employs\NaCl as the test agent. The test subject wearing the RPD under test performs a
series of test exeregises inside an enclosure containing the NaCl test agent.

Thg mean NaCleoncentration within the enclosure shall be (8 + 4) mg/m3 and the variation throughout
the [effectivesworking volume shall be not more than 10 %.

The pafticle size distribution shall have a mass median aerodynamic diameter of 0,4 pm to ),7 um and
a gdometric standard deviation <2,0 in the test enclosure.

NOTE 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 analyser (e.g. photometer) for this purpose.

If a second analyser is not available, the test agent concentration in the enclosure and in the respiratory
interface shall be sampled using a single analyser with a change over valve and a separate sampling
system. However, time shall then be required to allow the analyser to return to a clean background
before changing over from sampling the test agent concentration in the enclosure to sampling from
inside the respiratory interface.

© IS0 2019 - All rights reserved 19


https://standardsiso.com/api/?name=cb98d46e951779a20b9c16b11bb13b4d

ISO 16900-1:2019(E)

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 shown in 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 atomizer shall provide a continuous flow of aerosol into a duct through which a constant flow of air
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tain complete drying of the aerosol particles.

Jetection systems

Flame photometer

otometer is used to measure the concentration of NaCl insidecthe enclosure and inside
 interface.

ial performance characteristics for a suitable instrument‘are set out below.
be a flame photometer specifically designed for the direct analysis of NaCl aerosol.

The response to elements other than sodium, particularly carbon, the concentration of which
ring the breathing cycle, can affect the measurement. This effect can be minimized by ensuring
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Figure 14 — Example of NaCl atomizer assembly
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11.3.1.3.2 Condensation particle counter

The condensation particle counter (CPC) analysis method for sodium chloride aerosol shall be restricted
to testing inward leakage with supplied breathable gas devices and filtering devices equipped with
high efficiency (F5) filters.

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.

Th o010 10
a) e instrunrent—shattbe LapaLuc of Luuuuug att par tictes—mrthe Tamnge of U010t to—1;0 um
diameter.

b) An air|dilution system shall be used to dilute the sample drawn from the chamber to & particle
concerjtration of (2 + 0,2) x 10% particles/cm3 for the assessment of leakage. >0;01 %. |For
the aspessment of leakage <0,01 % the dilution shall be adjusted so as to maintain a particle
concerjtration of (2 + 0,2) x 105 particles/cm3.

c) The tofal aerosol sample rate required by the detector shall not be greater than 2 I/min.

d) The repponse time of the detector, excluding the sampling system, shall net be greater than 500 ms
(to 90 PA fsd).

11.3.1.3.3| Sample pump

If no pumplis incorporated into the detector, an adjustable flow pirmp is used to withdraw an air saniple.
The samplg pump shall be placed on the outlet of the deteetor/photometer. Adjust the pump so afs to
sample at 3 constant flow of between 0,1 1/min to 2 1/min. Some types of detectors require a flow fate
higher than this sampling flow rate. In these cases, dilute the sample with clean air (free of test agent)
accordingly in addition to the drying air introduced into the probe at the sample point.

11.3.2 Pullsed sampling — Method 2A

11.3.2.1 General

A system i required which will switch/the sample to the detector only during the inhalation phase of the
test subject’s respiratory cycle. During the exhalation phase, clean air shall be fed to the detector. [The
source of this clean air is usually-Jaboratory air at ambient temperature, passed through a particle filter
of penetratlion <0,001 %, showi in Figure 12 as item 15. The essential elements of such a system are:

a) an elegtrically opetatéd valve with a response time of the order of 100 ms (it is recommen/ded
that the valve should have the minimum possible dead space compatible with straight-throyigh,
unrestricted flow when open);

b) a breathihg sensor that is capable of detectmg the change from inhalation to exhalation within
e bre e se . , is

connected to a probe fitted in the resplratory 1nterface near the leakage sample probe

c) 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 15 shows a schematic diagram of such a sampling system (i.e. the elements contained in item 12
of Figure 12).
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2 |enclosure 9 differential pressure meter/temperaturd sensor
3 [sample probe line 10 actuator for valve‘and timer
4 |pressure/temperature line 11 timer for % inhalation time of each breathing cycle
5 |pressure/temperature probe 12 flame photometer
6 |drying air 13 pump
7  |high efficiency (F5) particle filter
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Figure 15 — Typical configuration for Nac€l pulsed sampling system (Method 2A)

B.2.2 Calculation of leakage

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

leakage, P, is the ratio of the concentrations with correction terms for the sampling time and the

cts of dilution.

t; t
P(%):E_Z}.{ mt+ e }.[S;D]mo
1 in

C; isthetestagent concentration in the enclosure;

(2)

C,"\is the measured mean concentration inside the respiratory interface, corrected for backgfound level;

is the total duration of inhalation (s);
is the total duration of exhalation (s);

D isthe drying air flow rate (I/min);

S istherespiratory interface sample flow rate (1/min).

Measurement of C, is preferably made using an integrating recorder.
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11.3.3 Continuous sampling — Method 2B

11.3.3.1 General

In this method air is drawn continuously from the cavity of the respiratory interface throughout
the respiratory cycle of the test subject. Since sodium chloride is partially retained in the lungs, it is
necessary to apply a correction factor when calculating inward leakage.

11.3.3.2 Calculation of leakage

Calculate t
using Forn

P(%)3
where
is
ist
is
S is

The 1,25 £
assumptio

11.4 Test
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ula (3).

the test agent concentration in the enclosure,
he measured mean concentration inside the respiratory interfage, cérrected for background l¢
the drying air flow rate 1/min,
'he sample flow rate in I/min.

ictor is included to allow for lung retention of sodium chloride (it has been derived on
L of an air flow rate of the device of 120 1/minand a wearer’s breathing rate of 40 1/min).

method 3: Corn oil aerosol
5t equipment

feneral
L arrangements are shown in Figure 16

bd employs corn.gil/as a test atmosphere. The test subject wearing the RPD under
series of test exercises inside an enclosure containing the corn oil test atmosphere.

rent concentration is monitored, preferably continuously, during the tests using a sepa
ystem tg.avoid contamination of the respiratory interface sampling lines. It is preferabl
ate detector for this purpose.

pds,

(3)

vel,

the

test

rate
e to

tatic classifier is recommended for checking the size distribution of the test aerosol.
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1 |enclosure 8 circulation fan
2 |treadmill 9 analyser
3 [baffle 10~ changeover valve
4 |duct 11 particle filter
5 |enclosure sample a  Corn oil aerosol.
6 |respiratory interface sample b Excess air exhaust.
7 |sample pump

Figure 16 — Typical test arrangement for determination of inward leakage by the ¢orn oil
méthod (continuous sampling) with one analyser and change over valve; showing a RPD with a
class cT respiratory interface

11.4.1.2 Test aeroso]'‘generation

The test aerosol(is generated by atomising the corn oil using compressed air. Corn oil utflised shall
conjply with-Ghemical Abstract No. 8001-30-7.

The aerosol generator shall be capable of generating and maintaining a concentration of cprn oil test

aer¢sol within the range of 20 mg/m3 to 40 mg/m3 with a mass median aerodynamic diametpr (MMAD)

Of Adata 0 7 aon o d o goosandeio oo dased dosziobioan of 9 N st tact anolociien
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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. Application of a diluter on the enclosure sample can
be used to reduce the challenge concentration to levels within the detection range of the device. The
minimum limit of detection should be <0,01 mg/m3.

NOTE A suitable aerosol measurement system is one based on light scattering laser photometers. Other
detection methods can be used provided that equivalence can be demonstrated.
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If a second analyser is not available, the test agent concentration in the enclosure and in the respiratory
interface shall be sampled using a single analyser with a change over valve and a separate sampling
system. However, time shall then be required to allow the analyser to return to a clean background
before changing over from sampling the test agent concentration in the enclosure to sampling from
inside the respiratory interface.

11.4.1.4 Calculation of leakage

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

using Formula (4).

P(%)3 g—2x100 (4)
1

C; isfhe test agent concentration in the enclosure,

C, isfhe measured mean test agent concentration inside the respiratory-interface, corrected fpr
bafckground level.

11.5 Det¢rmination of inward leakage in the ocular zone

The ocular] zone of the respiratory interface shall be fitted in a leaktight manner with three probes to
enable san]ple removal, compensating air addition and pressuré.measurement.

The sampling probe shall be positioned inside the Respiratory Interface on one side of the test subje¢t at
eye level. Tlhe port for compensating air shall be positioned on the other side slightly displaced from|eye
level, so that the test subject will not be distressed by the pressure compensating air flow. In the migldle
between the ports for the sampling probe and compensating air, a third probe shall be connected to a
sensitive djfferential pressure meter (sensitivity <0,1 mbar).

A continuops sample flow rate of not greater than 1,0 1/min shall be fed through the sampling line tojthe
challenge detector and, if necessary, shall be diluted with clean air to achieve the minimum flow rate
required by the detector. Clean air shdll'‘be fed through the compensating air probe at a flow necesdary
to ensure that the pressure in the Respiratory Interface is not altered by the sampling procedure. This
measuremgent shall be made whilethe test subject is standing without any movement and it may be
necessary for the test subject¢o hold their breath during this procedure.

12 Test yreport

The test r¢port shall/include information regarding those parameters specified in Clause 4, together
with the following; as a minimum:

a) identiffication of the RPD;

b) bivariate cell number to which each test subject has been allocated;
c) the arithmetic mean percentage inward leakage for each exercise for each individual test subject;

d) the arithmetic mean percentage inward leakage for the whole test exercise regime for each
individual test subject;

e) theidentification of the test sample used by each individual test subject;
f) the second highest value in the data set in d);

g) the test method used and a statement of the corresponding leakage range that can be accurately
measured with this method;
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h) the uncertainty of the measurements made.

For combined and multi-functional RPD, test exercise number 11 (see Table B.4) shall be included in the
calculation for arithmetic mean of the whole exercise regime.

13 Uncertainty of measurement

An estimate of the uncertainty of measurement associated with this method of test shall be established,
in accordance with ISO 21748. The value of this estimate shall not exceed 10 %.

NOTE Fhe—useoftransfer—standards—camrassitst—in csta‘ulibhiug commomuncertainties—of-measurement
betwveen laboratories.
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Annex A
(normative)

Application of uncertainty of measurement — Determination of
compliance

In order to[determine compliance or otherwise of the measurement made in accordance with this ftest
method, thie following protocol shall be applied.

—n

If the test result + the uncertainty of measurement, U, falls completely inside or outside the specificafion
zone for the particular test given in the performance standards, then the result shall becdeemed to pe a

straightforjward pass or fail (see Figures A.1 and A.2).
e
d ¢ d
|
|

a  Lower $pecification limit.

b Specifiqation zone.

¢ Upper gpecification limit.

d Uncertginty of measurement, U.

e Measured value.

Figure A.1 — Result pass
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Lower specification limit.
Specification zone.

Upper specification limit.
Uncertainty of measurement, U.

Measured value.

Figure A.2 — Result fail

If the test result + the uncertainty of measurement, U, overlaps a specification limit valu¢ (upper or

low]
det
fail

(see Figure A.3).

er) for the particular test given in this standard, then the assessment of pass or fgil shall be
ermined on the basis of safety for the wearer of theRBD; that is, the result shall be deerped to be a

e
dld
|
|
|
|

Lower specification'limit.
Specification Zone.

Upper specification limit.
Uncertainty of measurement, U.

Measured value.

©IS

Figure A.3 — Result fail
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