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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
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mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
hsk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting-“Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

P was prepared by Technical Committee ISO/TC 94, Personal) safety — Protective clothing
Subcommittee SC 15, Respiratory protective devices.

consists of the following parts, under the general title Respiratory protective devices — Method
t equipment:

Determination of inward leakage
Determination of breathing resistance
Determination of particle filter pengtration

Determination of gas filter capacity
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Introduction

This part of ISO 16900 is intended as a supplement to the relevant performance standards for respiratory
protective devices. Test methods are specified for complete devices or parts of devices. If deviations from the
test method given in this part of ISO 16900 are necessary, these deviations will be specified in the relevant
performance standard.
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Determination of breathing resistance
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Scope

part of ISO 16900 specifies the method(s) of test for breathing resistance fort
complete respiratory protective devices 1);

filters for respiratory protective devices;

respiratory interfaces.

Normative references

following referenced documents are indispensable for the application of this document,
rences, only the edition cited applies. For\unhdated references, the latest edition of the
iment (including any amendments) applies:

16972, Respiratory protective devices-— Terms, definitions, graphical symbols and units of mé

TS 21748:2004, Guidance feor the use of repeatability, reproducibility and trueness ¢
surement uncertainty estimation

Terms and definitions

the purposesyof/this document, the terms and definitions given in 1SO 16972 apply togeth
wing.

statiic breathing resistance
diffgrential pressure caused by an RPD when the breathing gas is passed through the device a

For dated
referenced

basurement

stimates in

er with the

a constant

flow

3.2
dyn

amic breathing resistance

differential pressure caused by an RPD when the breathing gas is delivered by a breathing machine adjusted

toa

specified breathing minute volume and waveform

1)

Respiratory protective device = RPD.
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4 Prere

quisites

In order to implement this part of ISO 16900, at least the following parameters need to be specified in the

performanc

e standard:

the number of specimens;
the selection and type(s) of support such as dummy head/dummy torso;

any prior conditioning or testing;

flow ra
breathi
test me

any de

5 Gene

Unless oth¢rwise specified, the values stated in this part of ISO 16900 are expressed as nominal val

Except for {
of £5%. U
and 50 % £

6 Methe

6.1 Princ

The device
device at a

NOTE 1

inside the fa
the facepiecq

6.2 Equi

6.2.1 Pre

e (static test method);
ng minute volume and waveform (dynamic test method);
thod;

Viations from the method(s).

ral test requirements

emperature limits, values which are not stated as maxima-or minima shall be subject to a tolera
hless otherwise specified, the ambient temperature foritesting shall be between 16 °C and 3
30 % RH. Any temperature limits specified shall be subject to an accuracy of + 1°C.

pd 1: Static breathing resistance

Ciple

is mounted on a support as described in the performance standard, and air is drawn through
constant flow.

[he convention of reporting ‘bréathing resistance is that if, during the inhalation resistance test, the pres
epiece relative to atmosphere is negative, no sign is used in front of the result. If the relative pressure irj
is positive, the result is“prefixed with a ‘+’.

pment

ssure gauge, calibrated in the appropriate range relevant to the performance standard.

6.2.2

FICIV

temperatur¢ and ambient atmospheric pressure during use.

meter(s), calibrated in the appropriate volumetric flow rate range and corrected for the aml

es.
nce
p °C

the

sure
side

ient

6.2.3 Ambient temperature and ambient atmospheric pressure measuring equipment.

6.2.4 Regulated blower/compressed air source and/or a variable suction device.

6.2.5 Support for the device, (e.g. filter holder, dummy head or dummy torso) as described in the

performanc

NOTE
facepiece.

e standard.

It is important that the holder of the filter or facepiece does not reduce the effective working area of the filter or

© 1SO 2009 - All rights reserved
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6.3 Procedure

6.3.1 Procedure for filters for respiratory protective devices

The method draws air through the filter holding system (see Figure 1) and the pressure drop, between
ambient and a pressure port fitted at a suitable point between the support system and the connection to the
suction device, is measured.

Ensure that the filter has been pre-conditioned according to the performance standard and that an equipment
connector, or the holder intended by the manufacturer, is available.

Mount the filter in a leaktight manner as indicated in Figure 1. Draw the appropriate airflow, as_spgcified in the
performance standard, through the filter support system. Measure and record the pressure drep, Apg, across

the pupport system.

Remove the filter. Draw the same airflow through the filter holding system. Measuré ‘and record the pressure
drop, Apy, of the set-up.

Refort the breathing resistance of the filter at the flow rate as: Apg — Apy.

1
L
2\\' N~ _°
—) 3

4
Key|

1 filter support

2 filter

3  flow meter

4 pressure-gauge

o

equlated suction

Figure 1 — Examples of arrangement for measurement of breathing resistance of filters
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6.3.2 Procedure for complete respiratory protective devices and respiratory interfaces

6.3.2.1 General
Ensure that the device has been pre-conditioned according to the performance standard.

Determine the pressure offset of the support system at the relevant flow rate. The measured resistance of the
complete system shall be corrected for the offset.

Fit the respiratory interface of the device on the dummy head (see Figure 2) or dummy torso as defined by the
performance standard (see Figure 3), ensuring leak tightness, but without deformation. This may involve the
use of a seatamt:

For hoods fltting around the neck, the fitting procedure given in Annex B (see Figure B.1) shall be used:

Dimensions’in millimgtres

—_—
—
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1 dummy head

2 pressure port with button probe (see Figure 4)

@  To pressure gauge.

b To breathing machine/suction device, inhalation.
¢ Exhaled air.

4 Inhaled air.

€ From breathing machine/blower, exhalation.

Figure 2 — Required dimension and a typical arrangement of tubes in dummy head
for measurement of breathing resistance

4 © 1SO 2009 - All rights reserved
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Dimensions in millimetres
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Key
1 dummy torso
2 pressure port with butten probe (see Figure 4)
3 adjustable flow collar (see Figure B.1)
a To pressure.gauge.
b To breathing machine/suction device, inhalation.
¢ Exhaled air.
d Inhaled air.
e From breathing machine/blower, exhalation.

Figure 3 — Required dimension and a typical arrangement of tubes in dummy torso
for measurement of breathing resistance for hoods sealing around the neck
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Dimensions in millimetres
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Key

1 two hole

6.3.2.2 |

For measu
pressure g
shown in Fi

Switch on &
performanc

With the s

inhalation r¢sistance. If an inhalation valveuis fitted, measure the inhalation resistance with the support in ¢

e
luge connections to the pressure port and ambjent air. Close off the tube for exhalation air

lying on the left side;

lying on the right-side.

Y

A

16
16,5

A
Y

A
Y

5 1 mm at 90° orientation

Figure 4 — Details of button probe as shown in Figures 2'and 3

hhalation resistance
ments of inhalation resistance, connect the inhalation tube to a suitable suction device and
gures 2 and 3.

nd adjust the suction device to give thesappropriate flow, operate the device as described in
e standard and record the peak pressureé.

ipport upright and facing directly-ahead, record the reading corrected for the offset, as
ing four additional orientations:
ertically, upwards;

ertically, downwards;

of the followy
a) facing
b) facing
c)

d)

6

the
as

the

the
ach
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6.3.2.3 Exhalation resistance

For measurements of exhalation resistance, connect the exhalation tube to a suitable blower and the pressure
gauge connections to the pressure port and ambient air. Close off the tube for inhalation air as shown in
Figures 2 and 3.

Switch on and adjust the blowing device to give the appropriate flow, operate the device as described in the
performance standard and record the pressure.

With the support upright and facing directly ahead, record the reading corrected for the offset, as the
exhalation resistance. If an exhalation valve is fitted measure the exhalation resistance with the support in

eac

71

The
mag

NOT

insig
the 1

7.2

7.2.
star

7.2.
(sed

7.2.
star

The)

h of the following four additional orientations:
facing vertically, upwards;

facing vertically, downwards;

lying on the left side;

lying on the right side.

Method 2: Dynamic breathing resistance

Principle

device is mounted on a support as described in the performance standard and connected to
hine adjusted to a specified breathing minute volume and waveform.

E The convention of reporting breathing resistance is that if, during the inhalation resistance test,
e the facepiece relative to atmosphere is negative, no sign is used in front of the result. If the relative pr
acepiece is positive, the result is prefixed with.a ‘+'.

Equipment

1 Breathing machine, set)to minute volume and waveform characteristics specified in the ¢
dard.

P Support, as described in the performance standard, e.g. dummy head with insert or tors
Figures 2, 3 and4).

B Pressure gauge and recording device, calibrated in the appropriate range to the ¢
dard.

response time of this pressure gauge, including the recording device, shall be less than

a breathing

the pressure

bssure inside

erformance

b with insert

erformance

B0 ms for a

resy

onse of 10 % to 90 % of the full scale deflection of the range used.
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7.3 Procedure

7.31

General

Ensure that the device has been pre-conditioned in accordance with the performance standard. Adjust the
breathing machine to give the breathing minute volume and waveform specified in the performance standard.
Connect one port of the pressure gauge to the pressure port of the support for the device and the other port to
ambient air. Connect the pressure gauge to the recording device.

Fit the device on the support, ensuring leak tightness, but without deformation (this may involve the use of a

Sea|ant)_ For-hoods ens\ling around -the nnr\l(’ the 'FiH'ing prnr‘nrhlrn gi\lnn nAnnex B (cnn I:igllrn B 1) shall be
used. Note the “zero” reading of the pressure gauge background fixture only. Switch on the breathing machine
and operate the device as defined in the performance standard and record the peak pressure.

7.3.2 Inhalation and exhalation resistance

Record the |peak pressure on inhalation and exhalation. Record the reading corrected forthe ‘zero’ reading, as
the inhalatipn and exhalation resistance at each one of the orientations defined below.

For non-valved devices, measure the inhalation and exhalation resistance with theZsupport upright and faging
directly ahepd.

For valved |devices, measure the inhalation and exhalation resistance with the support in each of the|five
defined origntations:

a) uprightland facing directly ahead;

b) facing yertically, upwards;

c) facing Yertically, downwards;

d) lying OI the left side;

e) lying on the right side.

8 Test report

The test report shall include information regarding those parameters specified in Clause 4, together withl the
measured hreathing resistances:

9 Uncertainty of measurement

An estimatg of the~uncertainty of measurement associated with this method of test shall be established, as
described i* ISOITS 21748:2004. The value of this estimate shall not exceed + 10 %.

NOTE The use of transfer standards might assist in establishing common uncertainties of measurement between
laboratories.

8 © 1SO 2009 - All rights reserved
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Annex A
(normative)

Application of uncertainty of measurement

A.1 Determination of compliance

In ofder to determine compliance or otherwise of the measurement made in accordance with_this-test method,
whgn compared to the specification limits given in the performance standard, the following‘protocol shall be
applied.

If the test result plus/minus the uncertainty of measurement, U, falls completely inside or putside the
spegification zone for the particular test given in the performance standard, then theresult shall bg deemed to
be 3 straightforward pass or fail (see Figures A.1 and A.2).

\j

<l 2 -
1 3

Key|

1 Jower specification limit (LSL)

2 ppecification zone

3 upper specification limit (USL)

4 uncertainty of measurement (U)

5 measured value

Figure A.1 — Result pass

© 1SO 2009 — All rights reserved 9
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A

A

Y
Y

4
I

b X

Y

Key

1  lower spEcification limit (LSL)

2 specificdtion zone

3 upper sgecification limit (USL)
4 uncertaipty of measurement (U)
5 measurdd value

If the test r

Figure A.2 — Result fail

bsult plus/minus the uncertainty of measurement, U-~overlaps a specification limit value (uppgr or

lower) for the particular test given in the protective device standard, then the assessment of pass or fail ghall

be determirn

fail (see Figure A.3).

Key

a b~ W N -

10

ed on the basis of safety for the wearer of the-device; that is, the result shall be deemed to be a

A

A

A
|

wY

lower specification limit (LSL)
specification zone

upper specification limit (USL)
uncertainty of measurement (U)
measured value

Figure A.3 — Result fail
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Fitting procedure for hoods which seal around the neck and which may

B.1

or may not incorporate a head harness

Introduction

Thid
the

fitting procedure was developed because, under test conditions, hoods of the type described
direction of all three major axes under the influence of the cyclic pressure set up by the a

tan move in
ction of the

breathing machine, thus making difficult, the provision of steady test conditions and reproduciblé results. In

add
the

B.Z Principle

The
fitte
circ
pas
is a
that
and

A typical arrangement is shown in Figure B.2. If\the hood is provided with a head harness then

fitte
dete

B.3

B.3

fronp the torso at a convenient point (see Figure B.2). The end of the concentric tubes is level with

of th

tion, the amount of exhalate that escapes via gaps at the seal around the neck can\vary accor
Hevice is fitted on the test apparatus.

H with the collar arrangement shown in Figure B.1. The neckyseal of the hood is sealed f
imference of the collar. The collar is sealed to the neck of the dummy and contains ports that
5 out of the hood in a controlled and evenly distributed manner. By adjusting a sliding ring, morn
lowed out of the hood thereby controlling the pressure‘inside the hood to a value which appn
which occurs in practice on wearers. An elastic line_isased to control the position of the hood
the test result is determined with the hood in various'positions on the dummy head.

J position shall be used. The arrangement)is connected to the breathing machine and the t
rmined when stable conditions have beenachieved.

Apparatus
1 Dummy head/torso{ fitted with concentric tubes. The tubes are directed down the neck se

e dummy head and‘the pressure probe is level with the end of the concentric tubes.

2 Vertical stand with an elastic string, for hoods which do not incorporate a head harnes
e string is fixed to the stand and the other to the top of the hood under test. The purpose o

ding to how

device is fitted to a dummy head which, if necessary, is mounted on’ a suitable torso. The dunpmy head is

o the outer
allow air to
e or less air
pximates to
bn the head

the normal
pst result is

ction to exit
the top “lip”

s. One end
f the elastic
me to keep
length has
[ its highest
not restrain

B.3.3 Adjustable collar, a typical arrangement of which is shown in Figure B.1. The inner circumference of
the upper (thicker) ring is sealed, in a leaktight manner, to the neck of the dummy head/torso. The outer
circumference allows the neck seal arrangement of the hood to be fitted to it and to be suitably tightened.
Thus, air allowed to pass from the hood must flow through the holes provided in both upper and lower collars

and

is controlled by turning the lower collar relative to the fixed upper collar.
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