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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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sk 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 may be the-subject of ps
shall not be held responsible for identifying any or all such patent rights.

4 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, pfotective devices — Method
t equipment:

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

Determination of gas filter capacity, migration,~desorption and carbon monoxide dynamic testi
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Introduction

This part of ISO 16900 is intended as a supplement to the specific 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 International Standard are necessary, these deviations will be specified in the relevant
performance standard.

© 1SO 2011 — All rights reserved \%
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Respiratory protective devices — Methods of test and test

ntegral gas

equipment —
Part 4.
Determination of gas filter capacity and migration, desorption
an i i tinga
tHhg
1 [Scope
Thig part of ISO 16900 specifies the test method for determining the gas capacity of‘'separate or
filtefs and combined filters for respiratory protective devices. It includes the validation test at sp

rate)
mor

NOT
don

The
refe)
(inc

ISO

ISO
unc

3
For

31

sor
pro
or g

3.2

5, a desorption test to access the ability of the filter to retain the adsorbed or absorbed gas,
oxide dynamic testing.

ot indicate the performance of the device in actual use.

Normative references

following referenced documents are indispensablé/for the application of this document
rences, only the edition cited applies. For undated réferences, the latest edition of the reference
uding any amendments) applies.

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

TS 21748, Guidance for the use of repéatability, reproducibility and trueness estimates in m
briainty estimation

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 16972 and the following
btion

ess in which.,6ne substance (the filter medium) takes up or holds another (the test gas), either by
bsorption

desjorption
progmmmmmmmm i i i

3.3

ecified flow
and carbon

E These tests are conducted in laboratories using specified test agents.under specified conditions @#nd therefore

For dated
d document

pasurement

pasurement

apply.

adsorption

breakthrough time
time taken from the start of the test until the test gas and specified reaction products are detected at the
specified breakthrough concentration at the downstream side of the filter under test

34
gas

filter capacity

mass or volume of a specific test agent that is removed or retained by a gas filter or combined filter under
specified conditions of temperature, humidity, challenge test gas concentration and flow rate
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NOTE

The mathematical equation to calculate the gas capacity is:

C:VﬂX

where

Cgas X Ipr X 1078

is gas capacity (l);

The mass orvolume is determined by measuring the breakthrough time at a defined breakthrough concentration.

EXAMPLE

3.5
gas filter v
test to evall

3.6
integral d
volume of

NOTE 1

IS volume flow rate (7miny;

is gas concentration (ml/m3);
is breakthrough time (min).
Vg =30 I/min

cgas = 1000 ml/m3

tpr = 30 min

C =30 I/min x 1 000 ml/m3 x 30 min x 106 =10,9/

alidation test at specified flow rates
ate the ability of the filter to achieve a minimum performahce level at its work rate classificatig

se
fJua test gas on the effluent side of the filter released during the testing period

the testing tifne multiplied by the volume flow rate.

4 Prereq

The perforn

Juisites

hance standard shall indigate’the conditions of the test. This includes the following:
I of specimens;

ce of preconditiening;

test method;(gas capacity test, gas filter validation test at specified flow rates, migration test
bn test Bi.desorption test);

ameters for gas capacity test (test gas, concentration, reaction products if applicable, breakthrg

>

[his is calculated as the integral of the instant effluent concentration (function of time) of the test gas diring

A or

ugh

tration, breakthrough time, humidity, temperature, flow mode, flow rate, setting of breathing mach

ne);

test parameters for gas filter validation test at specified flow rates (test gas, concentration, reaction

products if applicable, breakthrough concentration, breakthrough time, humidity, temperature, flow rate);

initial exposure prior to desorption).

a) numbe

b) sequer

c) type of
migrati

d) testpa
concer

e)

f)

5

General test requirements

test parameters for migration and desorption test (test duration, reaction products if applicable, termination,

Unless otherwise specified, the values stated in this part of ISO 16900 are expressed as nominal values.
Except for temperature limits, values which are not stated as maxima or minima shall be subject to a tolerance
of +5 %. Unless otherwise specified, the ambient temperature for testing shall be between 16 °C and 32 °C and

(50 + 30) %

2

RH. Any temperature limits specified shall be subject to an accuracy of +1 °C.
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6.1

6.1.

ISO 16900

Principles
Sorption tests

1 Gas capacity test

-4:2011(E)

Gas and combined filters are exposed to a defined test gas under given conditions to determine the time when
breakthrough of the applied gas occurs at a specified concentration.

kthrough time exceeds a specified minimum.

Migration and desorption tests

6.2.1 Migration test A and migration test B

Gas
iss
pas

6.2.

Gasd
imm

6.3

The
the

71
The]
a)
b)

c)

and combined filters are exposed to a defined test gas under given‘conditions. After exposu

5ed through the filter to determine the ability of the filter to retain(the test gas.

P Desorption test

and combined filters are exposed to a defined test gas,under given conditions. After exposure
ediately passed through the filter to determine the'ability of the filter to retain the test gas.

Carbon monoxide (CO) dynamic testing of type CO filter
CO gas filter, or combined filter containing type CO, are exposed to CO under given conditions

effluent CO concentration over time.ahd the integral dose.

Apparatus

Apparatus for constant flow
test apparatus cénsists of three modules:
challenge gas generator;
test chamber;

detector.

hte whether

re, the filter

ored under defined conditions. After storage, clean air (migration test A) or test gas (migratipn test B) is

clean air is

b determine

A schematic drawing of an example for a test apparatus is shown in Figure 1.

7.2
The
a)
b)
c)

d)

Challenge gas generator
challenge gas concentration can be generated using several methods. These include:
use of a prediluted gas (in air);
dilution of a gas by a carrier gas (air);
evaporation of a chemical substance into carrier gas (air);

in situ preparation by a chemical reaction where the product is taken up into carrier gas (air).

© 1SO 2011 — All rights reserved
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It shall be taken into account that the stabilization of the test gas concentration takes some time due to
adsorption of test gas at the walls of the gas-generating system and the test chamber.

7.3 Test chamber

The filter test chamber shall be sufficiently large to accommodate the filter system under test and shall allow a
homogeneous filter exposure.

The construction of the chamber shall be resistant to the test gas, shall be leak-tight and shall safely withstand
any pressures, either positive or negative, that might be generated.

Specimen grientation shall be such that the gas flows horizontally and in line with the direction of minimum|bed
depth of the filter. A gas stream shall not directly impact on to the filter face.

7.4 Deteptor

The responise time of the detection system, which includes sampling lines and connectiéns; shall be knpwn
and taken ifto consideration.

The detector shall have sufficient sensitivity and resolution to accurately determine 10 % of the spec|fied
breakthrough concentration.

L

(Ua]
(=)}

-
%
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o
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°C % RH ml m~> ml m
12 13 14 15
Key
1 exhaust 6  water cooler/thermostat 11 test chamber
2 air 7 challenge gas 12 detector: temperature
3 testgas 8 test specimen 13 detector: relative humidity
4  flow controtter 9 fow controlter 4 detector: est gas
5 humidifier 10 mixing vessel 15 detector: breakthrough

Figure 1 — Schematic diagram of typical test apparatus for constant flow gas capacity testing

7.5 Apparatus for dynamic flow

Schematic diagrams of test arrangements that have been found suitable are represented by Figure 2. They
mainly consist of:

4 © 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=173eba4c2d7125ef8ad2b7fd11107bf3

ISO 16900-4:2011(E)

a) breathing machine equipped with control valves;

b) humidifier;

c) flow meters for air and test gas;

d) test chamber equipped with sampling ports and exhaust;

e) testgas analysers;

f) [means of measuring pressure, wet bulb and dry bulb temperature and moisture content;
g) |head form or suitable adapter;
h) |supply of test gas;

i) |adapter for replaceable inhalation/exhalation valve, if applicable.

© 1SO 2011 — Al rights reserved 5
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Key
breathing machine 8 flow meter for carbon monoxide 14 test specimen, head foqm
2 control vplves 9  humidifier or suitable adapter
3 heater apd humidifier \(for bidirectional 10 test chamber 15 pressure sensor
method) 11 sampling point for CO-content in test 16 detector: temperature
4 gas cooler atmosphere sensor
5 samplind point for CO analyser 12 detector: CO analyser 17 detector: humidity senspr
6 detector, COanatyser T3 OeTeCIor UMy Sensor o —eXhast————————
7  flow meter for test atmosphere

Figure 2 — Schematic diagram of typical test equipment
for cyclic CO capacity testing using filter adapter

6 © 1SO 2011 — Al rights reserved


https://standardsiso.com/api/?name=173eba4c2d7125ef8ad2b7fd11107bf3

8

8.1

ISO 16900

Methods

General

-4:2011(E)

Prior to testing, the test specimen shall be stored in its smallest available commercial packaging for a minimum
of 4 h at (21 £ 3) °C, unless otherwise specified in the performance standard. The test specimen shall be
mounted in the test chamber and exposed to the appropriate gas challenge at the specified flow.

The specimen and its primary attachment shall be exposed to the challenge gas such that leakage at the
primary attachment point can be detected. The connector shall be sealed within the chamber so that no

|eaI agn canoccurwhara thn connector S intnnrlnrl to ha a+tar\hnt~| to tha raepiratnry inl-arfar\n_
The] above conditions can readily be achieved if the specimen is fitted with a standardized connector. If
the |specimen is equipped with a non-standardized connector, the required fitting can be pbtaingd from the
marnufacturer or by disassembly of a suitable device. Where the gas filter(s) is (are) an integral partfof the RPD,
the whole device shall be effectively sealed to a mount within the test chamber.
Any] experimental method may be employed to obtain the specified influent cenCentration and measure the
effldent concentration, provided it conforms to the following limits:
a) |influent concentration: +10 % of specified challenge value;
b) [effluent concentration: £20 % of specified breakthrough value.
8.2 Test flow conditions
8.21 General
All tests shall be conducted so that the test gas flows horizontally and in line with the minimum bed Hdepth of the
filtef. Care shall be taken that the test gas is not directed preferentially on to one part of the filter or fllter system.
The| concentration of the test gas shall be stabilized before the test is started.
8.2.2 Multiple filters
When one filter of a multiple filterdevice is tested separately, the air flow specified for a test shall bg divided by
the humber of filters throughwhich the air flow is proportioned. If, however, it is possible to use only one filter
of a|multiple filter device, then the full air flow shall be used for testing.
If the filters’ resistances are in accordance with Equation (1), then the filter may be tested as a single filter with
a prpportioned flow, [f the filters’ breathing resistances are not in accordance with Equation (1), thg filters shall
be tested in a comiplete unit at the full flow rate.

Rmax X Rein <0,2 (1)
where

R hax is the maximum resistance;

Rpin is the minimum resistance;

R is the mean resistance.

When testing one filter of a multiple filter device with the proportioned test air flow, the appropriate performance
requirements of the performance standard shall be met.

© 1SO 2011 — All rights reserved
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8.3 Gasc

8.3.1 Gen

apacity test

eral

Unless otherwise specified, the gas capacity test shall be performed using constant flow. The CO test shall be
performed using dynamic flow.

8.3.2 Con

Test gases

The test ggs shall be passed through the filter in continuous flow mode at the flow rate(s), humidity,
temperaturg specified in the performance standard.

The concentration of the test gas and specified reaction products, if applicable, in the effluentair sha

recorded d
compensat

The measu
simple, line

to Equation|(2):
Tor (corr)| = Tor (measured) % C(actual)/c(specified)

Clactualy = 4 773 ml/m3

Tor (measured) = 44 min

for (corr) = 44 Min x 4 773 mI/m3 / 5 000 ml/m3 =42 min
8.3.3 Dynpmic flow test
8.3.3.1 Gg¢neral
The specimien to be tested shall be meunted on a head form or on a suitable adapter when tested as a sepd
component| If tested as a separate.component, the test shall be carried out with valves to simulate the rele
air flow confitions.
Details of hpad forms and aitway openings will be given in a future part of this International Standard.
NOTE If might be nécessary to use a sealant to ensure an effective seal between the device and, respectively]
head form orl adapter.
The delivery of test gas to the test chamber shall be greater than the average flow through the device, such tha
maximum pfessure difference of the test chamber with regard to ambient during testing shall not exceed +50

stant flow test

used shall be as specified in the performance standards.

ring the test until breakthrough occurs, or until the breakthrough time has been reached (inclu
on for variations from the nominal value of influent concentration), whichever is_sooner.

ar proportion of the actual, Cacq,q1), @and the specified, Cgpecifieq), influenteoncentrations accor

and

| be
Hing

ed breakthrough time, 7, (measured), Shall be adjusted to the corrected breakthrough time, 7, (o), by

ding

)

rate
vant

the

the
Pa.

The following conditions in the test chamber shall be established using the breathing machine set to the
relevant number of cycles per minute and volume per stroke as given by the prerequisites.

humidity (moisture content of test atmosphere): (50 + 30) % RH;
temperature of test atmosphere: 16 °C to 32 °C;
temperature of exhaled air: (37 £ 1) °C;

humidity of exhaled air: 95 % to 100 %.

The temperature and humidity of the test atmosphere and exhalation air shall be controlled using suitable
conditioners.

© 1SO 2011 — All rights reserved
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The test gas and water vapour concentrations, as well as the differential pressure in the test chamber, shall
be monitored and recorded continuously during the test. The effect of humidity of the challenge atmosphere
by exhaled air returning to the test chamber shall be taken into account by adequate placing of the humidity
measuring point.

The effect of differential pressure and of the dilution of the challenge atmosphere by exhaled air returning to the test
chamber shall be taken into account and the concentration of the test gas and moisture shall be adjusted accordingly.

Care shall be taken that the influence of the exhaled air to the challenge gas concentration at the point of the
air inlet to the test specimen is minimized. The dry bulb temperature and the concentration of the challenge gas
shall be measured 10 mm to 20 mm in front of the air inlet of the test specimen.

Theldry bulb temperature of the inhaled air shall be measured using a fast response thermocouple (Ie.g. NiCr-Ni
0,2 mm diameter).

8.3.8.2 Bidirectional method

In the bidirectional method, the test gas flows through the filter during the inhalation-and the exhalation phase.
Thig method requires a test set as shown in Figure 2 where the humidifier (key 3) and the gas cqoler (key 4)
shall be used.

8.3.8.3 Unidirectional method

In the unidirectional method, the test gas flows through the filter.only during the inhalation phase. This method
requires a test set as shown in Figure 2 where the humidifier (key 3) and the gas cooler (key 4) shall pot be used.

8.4| Gas filter validation test at specified flow rate's
Tes} gases used shall be as specified in the performance standards.

Thel test gas shall be passed through the filter in continuous flow mode at the flow rate(s), humidity and
temperature specified in the performance standard.

The| concentration of the test gas and specified reaction products, if applicable, in the effluent [air shall be
recorded during the test until breakthrough occurs, or until the minimum specified time has be¢n reached,
(including compensation for variatians from the nominal value of influent concentration), whichevef is sooner.

An alternative method for condicting the validation test at specified flow rates greater than 110 I/min for testing
nontcatalytic filter types QV)AC, BC and OG, or their combination(s), is given in Annex B.

8.5 Migration teést’A and Migration test B

8.5.1 Migration test A

Thelfilters(shall be exposed to the test gas as specified in the performance standard.

Aft lo ¥ FN la Ll N =l L. 7 oY XN a2 als 4 dla HY 4 - L alle dlo f t
rexXpostre e ersSSnanoe Storea Tor {00 — o) accoramg o e mrormatorrstuppreaoy e manuracturer

for between-use storage. After storage, clean air shall be passed through the filter at the flow rate, humidity and
temperature given in the performance standard.

The duration of the migration test and the conditions for terminating the test shall be specified in the performance
standard. The concentration of the test gas and specified reaction products, if applicable, in the effluent air
shall be continuously recorded during this test.

8.5.2 Migration test B

The filters shall be exposed to the test gas as specified in the performance standard.

© 1SO 2011 — Al rights reserved 9
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After exposure, the filters shall be stored for (66 + 6) h, according to the information supplied by the manufacturer
for between-use storage. After storage, test gas shall be passed through the filter at the flow rate, humidity and
temperature given in the performance standard.

The duration of the migration test and the conditions for terminating the test shall be specified in the performance
standard. The concentration of the test gas and specified reaction products, if applicable, in the effluent air
shall be continuously recorded during this test.

8.6 Desorption test

The filters s

hall be exposed to the test gas as specified in the performance standard

Immediatel
used in the
test shall bg
reaction prq

9 Testr

9.1

The test re
information

9.2 Gas

Report the

9.3 Gas

Report whether or not breakthrough occurred before the minimum specified time and report the ad

breakthroug

9.4 Migr

Report the
and the cor

9.5 Desd

Report the
and the corj

Geng¢ral

after exposure, clean air shall be passed through the filter at the flow rate, humidity and temperg

gas filter capacity test. The duration of the desorption test and the conditions for terminating
specified in the performance standard. The concentration of the preadsorbed agent'and spec
ducts, if applicable, in the effluent air shall be continuously recorded during this tést.

pport

bort shall include information regarding those parameters specified in Clause 4 together with
given in 9.2 to 9.6.

capacity test

corrected breakthrough time or the test time, or the fact that breakthrough did not occur.

filter validation test at specified flow rates

h time in cases where the application'of the alternative method (Annex B) is to be used.

htion test

maximum concentration, ofthe test gas and the reaction product(s), if applicable, in the effluen
responding time.

rption test

maximum concentration of the test gas and the reaction product(s), if applicable, in the effluen
responding time.

9.6 COo

ture
the
fied

the

tual

t air

t air

yhamic test

Report the effluent CO concentration over time and the integral dose.

10 Uncertainty of measurement

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

NOTE
laboratories.

10

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

© 1SO 2011 — All rights reserved
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Annex A
(normative)

Application of uncertainty of measurement

Determination of compliance

-4:2011(E)

Ino
con

If th
zon
stra

Key

a b W N =

der to determine compliance or otherwise of the measurement made in accordance with this test m
pared to the specification limits given in the protective device standard, the following protocolshal

e test result + the uncertainty of measurement, U, falls completely inside or quiside the {
e for the particular test given in the protective device standard, then the result\shall be deer
ghtforward pass or fail (see Figures A.1 and A.2).

\j

ower specification limit
Specification zone

Lpper specification limit
ncertainty of measurement; U
measured value

Figure A.1 — Result pass

bthod, when
be applied.

pecification
ned to be a

© 1SO 2011 — All rights reserved
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>
2
| 3
Key
1 lower spgcification limit
2 specificgtion zone
3 upper specification limit
4 uncertaifty of measurement, U
5 measurgd value

Figure A.2 — Result fail

If the test reisult + the uncertainty of measurement, U, overlaps a specification limit value (upper or lower) for the
particular tdst given in the protective device standard, then the assessment of pass or fail shall be determ|ned
on the basig of safety for the wearer of the device; that is, the result-shall be deemed to be a fail (see Figure A.3).

5
k l 4
!
i -
2
1 3
Key
1 lower spgcification limit
2 specificgtion zone
3 upper specification limit
4 uncertaifty-of measurement, U
5 measuredvatue

Figure A.3 — Result fail
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Annex B
(informative)

Alternative method for the gas filter validation test at specified flow rates

B.1 Principle

Usd of a mathematical extrapolation method for predicting the breakthrough time at the specified flgw rate from
megdsurements taken at lower flow rates.

B.4 Theoretical breakthrough time

B.2l1 The Wheeler-Jonas equation

Thel theoretical breakthrough time can be calculated using the predictive Wheeler-Jonas equation|'1(2]:

o Ve |y PCh[(ComCo)/C] (B1)
Co0Q ky

where
t, is the breakthrough time;

is the maximum mass of adsorbate per gtam of adsorbent that can be adsorbed at the applied
concentration (“equilibrium uptake”);

Cy is the applied gas concentration;
is the effluent concentration atwhich the breakthrough time is recorded;
Q is the volume flow rate;
is the mass of adsqrbent adsorbed at breakthrough time, #,;
pg is the bulk density of the adsorbent;
is a pseddo<first-order rate constant for the adsorption process;

is the natural logarithm.

B.2|2 ~\ Defining constants

A=WW
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