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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

[SO/IEC Oirectives, Part 2 (see www.iso. org/dlrectlves)

[SO draws$ attention to the possibility that the implementation of this document may involve‘the[use of (a)
patent(s).| ISO takes no position concerning the evidence, validity or applicability of any claimed patent
rights in fespect thereof. As of the date of publication of this document, ISO had not,r'eceived ndgtice of (a)
patent(s) which may be required to implement this document. However, implementers are cautioned that
this may not represent the latest information, which may be obtained from the patent database ayailable at
www.iso.prg/patents. ISO shall not be held responsible for identifying any or alljsuch patent rightg.

Any trad¢ name used in this document is information given for the convenience of users and| does not
constitut¢ an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related tp conformity assessment, as well as information about ISO's adherence to the Wofld Trade
Organiza{ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.
This docyment was prepared by Technical Committee [SQ/TC 94, Personal safety — Personal protective
equipment, Subcommittee SC 13, Protective clothing.

This secopd edition cancels and replaces the first édition (ISO 17491-5:2013), which has been t¢chnically
revised.

The main|changes are as follows:

— variops editorial revisions;

— clariffcation of the test liquid;

— addirlg measurements for thetest manikin;

— addirlg additional spegifications for the test overall and manikin platform;

— addirg tolerancesfor'measurements of the nozzles;

— addirlg annex‘material for overall material;

— addirg afinex material for use of this method in other nationally recognized standards.

A list of alt parts i the 15617491 series tam be founrd o the 1SO-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

Chemical protective clothing is worn in conjunction with appropriate respiratory protective devices when
required in order to isolate the body of the wearer from the environment. Several tests exist for determining
the resistance of chemical protective clothing materials to either the permeation or penetration of gaseous
or liquid chemicals.

However, the effectiveness of the overall protective clothing item in preventing exposure from chemical
hazards depends on the integrity of the clothing item’s design in eliminating or reducing inward leakage of
chemicals.

The selection of the appropriate integrity test method will depend on the application of the chemical
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e clothing and the exposure hazards present. Usually, the integrity test method will besy
1 chemical protective clothing specification.

hs of protective clothing material chemical resistance are carried out by the appropriate

ving test methods are used when measuring the chemical resistance of-materials, s
bes:
D

b29 specifies methods for measuring the resistance of the protectiveclothing materials, s
blages to permeation by either liquids or gases.

B994 specifies a method for determining the penetration resistarnce of protective clothing
 conditions of continuous liquid contact and pressure, and €an'be applied to microporous
5, and assemblages.

b30 specifies a procedure for measuring the penetration resistance of protective clothing
the impact and runoff of liquids.

rity test methods specified by the ISO 17491 series are used when measuring the
b of complete items or ensembles and are as‘follows:

7491-1 specifies a method to be performed either at minimum test settings (method 1) ¢
bus test settings (method 2), for ass€ssing the resistance of a gas-tight suit to outward leal
gh, for example, essential openings, fastenings, seams, interface areas between items, j

ng in an aerosol environment (method 1) or gaseous environment (method 2). The prq
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throygh the use of htimran subjects.

[SO 17491-3 specifies a method for determining the resistance of chemical protective cl
penefration by jets of liquid chemicals. This procedure is applicable to clothing worn where
risk df exposure to a forceful projection of a liquid chemical and intended to be resistant to p¢
under conditions which require total body surface cover but not gas-tight clothing.

fable to gas-tight suits.and non-gas-tight suits according to ISO 16602 and provides an evd
ical protective suituntegrity, particularly leakage in the breathing zone, under dynamic ¢
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[SO 17491-4 specifies a method to be performed either at minimum test settings (method A, low-level
spray test) or at more rigorous test settings (method B, high-level spray test), for determining the
resistance of chemical protective clothing to penetration by sprays of liquid chemicals. This procedure
applies to protective clothing intended to be worn when there is a risk of exposure to slight splashes of
a liquid chemical or to spray particles that coalesce and run off the surface of the garment and intended
to be resistant to penetration under conditions which require total body surface cover but not gas-tight
clothing.

ISO 17491-5 This method determines the resistance to chemical spray penetration and differs from the
method in ISO 17491-4 in that it uses a static manikin instead of a test subject. It also uses a different
spray configuration and duration. Since ISO 16602 is considering adoption of this method, the availability

© IS0 2024 - All rights reserved
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of such laboratories should be maintained and therefore this standard will not preclude the use of ASTM
F1359 in order to meet the requirements of this standard.

General protective clothing requirements are specified in [SO 13688.

© IS0 2024 - All rights reserved
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Protective clothing — Test methods for clothing providing
protection against chemicals —

Part 5

Determination of resistance to penetration by a spray of

liquid

1 Scop

This docy
inward le

This metH

[[(manikin spray test)

e

ment specifies a test method for determining the resistance of complete.protective c
hkage of liquid chemicals (protective clothing integrity).

od specifies an alternative method for determining the resistance’to-spray penetration

uses a stdtic manikin instead of a test subject; it also uses a different spray configuration and durj

the other
laborator

methods within ISO 17491 series. This test method is aligne@with ASTM F1359 since
es with equipment of this kind are performing testing accerding to that standard.

This test jnethod is not appropriate for evaluating the permeation or penetration of liquid chemical

the mater

ial from which the clothing is made.

2 Normative references

The folloy
requirem
the latest

ying documents are referred to in the textin such a way that some or all of their content ¢
ents of this document. For dated referenees, only the edition cited applies. For undated r
edition of the referenced document/{including any amendments) applies.

ISO 13688, Protective clothing — General requirements

[SO 1161(

3 Tern

For the i
following

ISO and II

, Protective clothing — Vocabulary

ns and definitions

urposes of tHis§-document, the following terms and definitions given in ISO 1161
apply.

.C maintain terminology databases for use in standardization at the following addresses

— ISO

lifte browsing platform: available at https://www.iso.org/obp

othing to

because it
ition than
e the only

s through

bnstitutes
bferences,

and the

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

3.1

absorbent overall
overall made from an absorbent material, worn under the test suit and intended for collecting liquid
penetration during testing of chemical protective clothing

3.2
calibrate

d stain

fluorescent or visible stain, with a defined minimum area, generated by dropping a specified quantity of test
liquid on to an absorbent overall (3.1)

© IS0 2024 - All rights reserved
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4 Principle

The chemical protective clothing is placed on a manikin that is already dressed in an absorbent overall
covering the portions of the manikin form that are of interest. Treated water is sprayed at the chemical
protective clothing from five nozzles positioned in a specific configuration with respect to the specimen.

The specimen is exposed to the liquid spray in four specimen orientations. Liquid penetration resistance is
determined by the absence of liquid inside the chemical protective clothing on the inner absorbent garment.
The chemical protective clothing is rated as passing if liquid does not penetrate and as failing if liquid does
penetrate.

5 Test liqnid and test cnhjprt

5.1 Tedtliquid

Unless spgcified in the performance specification, the following standard test liquid shall be used.
A test liqyid containing the following substances and characteristics shall be used:

— watef at ambient temperature;

— an opftional water-soluble fluorescent or visible dye, e.g. methyl blue (CAS number [28983-56-4]) with a
concgntration of (0,2 £ 0,02) g/I;

— a surffactant, e.g. Genapol LRO liquid (sodium lauryl ether sulphate, CAS number [9004-8R-4]) that
generjates a surface tension of (30,0 + 5,0) x 10-3 N/m;

— a stapilizer for the dye (if needed), e.g. citric acid (CAS number [77-92-9], analytical grade) with a
concgntration of (2,45 = 0,05) g/1;

Any methiod may be used to determine the surface tefision of the test liquid provided it can measpre to the
tolerance|given above, for example, a Wright surface'tension and interfacial tension torsion balanfe using a
standard [L2-mm-diameter platinum ring would‘bhe’acceptable.

It shall bg ensured that the surface tensionis'stable throughout the test, i.e. the surface tension offthe liquid
leaving tHe nozzle as well as the tension ofthe liquid in the tank shall meet the requirements. This shall be
verified before and after each test.

The optignal water-soluble dye ¢anbe used to enhance the ability to see leakage. If dye is not|used, the
testing lab shall determine witlrconfidence that leakage can be detected.

Avoid dygs that adhere tao-strongly to the fibres of the absorbent material, resulting in a wet spot larger
than the doloured spot.

The necegsary measuires shall be taken to avoid contamination of the surface water drainage systgm.

5.2 Tedt subject

The test subjectshaticonsistof T ummanm=-form mmantkimH - The preferred mmanikimsize ts provided th Figure 1
and consists of the dimensions found in Table 1.

1)  An example of a suitable product is available commercially through NYC Display, model SFM72-FT, PO BOX 20396
New York, NY 10001 United States, https://nycdisplay.com. This information is given for the convenience of the users of
this document and does not constitute an endorsement by ISO for this product.

© IS0 2024 - All rights reserved
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Figure 1 — Manikin size

Table 1 — Measurements for manikin

Measurement location Dimension | Tglerance

mm mm
1 Total height 1828 +12
2 (hest circumference at largest value 965 +12
3 Waist circumference at narrowest position 750 +12
4 (Jircumference at shoulder 1016 +12
5 Height at shoulders 1420 +12
6 (rotch to sole of foot alongithe-inside of the leg (inseam) 787 +12

The manikin shall have a water-resistant coating, straight arms and legs with the arms at the manikin's
sides. Alt¢rnative manikins'may be used if specified in the report.

6 Apparatus

6.1 Absdorbentoverall.

The absotbeat-overall-shall-be-a-one-piecegarment-with-a-hood-and-made-with-abserbent-eff-white or grey
fabric. The overall shall not include elastic waistband/gathers at the waist as it affects contact between the
test garment and the absorbent overall. Alternative absorbent garments may be used to cover all test areas
of the manikin as long as the interfacing between those individual garments does not interfere with the

ability to evaluate the observation of performance.

The absorbent overall shall be made from a water-absorbent material that is sufficiently homogeneous to
produce absorption spots which vary less than 10 % in surface from the mean value for a given volume of
liquid, when sampled at any place on the overall.

See Annex A for absorbent overall requirements.

© IS0 2024 - All rights reserved
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6.2 Calibrated stain.

A calibrated stain shall be produced before starting a series of tests and immediately after a test where a
leakage has been detected. If using the optional dye, select an area of the absorbent overall that is not likely
to be contaminated. When not using the optional dye, the absorbent overall must be completely dry before
performing the test. After selecting where to perform the calibrated stain, place a piece of undergarment
under the absorbent overall and ensure that both layers are in contact. Put the assembly under a dispenser,
with the lower tip of the dispenser at a vertical distance of (5 + 0,5) cm above the assembly. Dispense a
volume of (25 + 5) ul of the test liquid to produce a clearly visible stain on the surface of the overall. Define
the outline of the stain before it is measured. Several methods can be used to measure the calibration stain,
such as a planimeter. The minimum area of the stain shall be 1 cm?2 after 5 min (15 s).

The calibpated inshall be used eferenceforthep e ion Pass/fail

criteria shall be defined in the corresponding product standard (see Reference [4]).

6.3 Shdwer system.
The showgr system shall consist of five low-flow showerhead nozzles and a pressurized liquid supply.

The five pozzles shall be oriented with respect to the manikin as specified in’Eigure 2. The prjessurized
liquid sugply shall be delivered at (3,0 + 0,2) 1/min through each nozzle (see Figure 3).

Dimensions in millimetres

b 1070 5

Key

nozzle position 1 directly above top of suit at distance of 460 mm
nozzle position 2 at top corner

nozzle position 3 at opposite top corner

nozzle position 4 at bottom corner

nozzle position 5 at opposite bottom corner

N U1 B W N

total height of apparatus is height of suit plus 460 mm

Figure 2 — Positions of shower nozzles (front view)

© IS0 2024 - All rights reserved
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Dimensions in millimetres

Key

1 interrjal nozzle diameter, 23 mm (+0,1 mm)

2 spray|plate diameter, 14,6 mm, brass (+0,1 mm)

3 0,045|mm (+0,05 mm) diameter holes through T@places equally spaced on a 9,1 mm (+0,1 mm) diametfer centred
circle

4 3,7 mm (+0,1 mm) diameter bore

5  brassfspray plate

6  rubbdr gaskets

7  chronpe-plated brass

Figure 3 — Example of shower nozzle specifications

6.4 Stopwatch.

A timing dlevice/consisting of a stopwatch or other appropriate timing device accurate to 1 s.

6.5 Manikin platform.

The manikin shall be able to be secured to a horizontal platform that allows it to rotate between the positions
in Figure 4. When mounting the manikin, footwear or other means shall be used to allow the manikin to be
mounted in a vertical position and centered under nozzle 1 as shown in Figure 2.

© IS0 2024 - All rights reserved
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7 Specimen preparation

7.1 Testitems

Protective clothing or protective ensemble components shall be tested as received and in accordance
with the manufacturer's instructions. The garment size shall be selected by the laboratory from the size
range provided by the manufacturer to fit the laboratory’s manikin covered by the absorbent overall with
sufficient ease as one would choose clothing for a person. Duct tape or other non-uniform methods for
closing or sealing, or both, interfaces shall not be used.

7.2 Blocking instructions

Parts of t

off the ou

the handd.

8 Proc

8.1 Pri
and equip

8.2 Put
manikin

8.3 Put

the manuflacturer's instructions. Place and attach additional ensemble components and equipmé

manikin i

8.4 Blo
evaluated
extend m

8.5 Add
(30,0 + 5,

8.6 Exp
manikin’s
rate of (3,
closed at

The suite
times canl

er end of the sleeves with waterproof tape or some other sealant to prevent liquid-pend

edure

r to each test, inspect the absorbent overall and test garments (ahd other ensemble co
ment to be tested) for total dryness before using.

the absorbent overall on the manikin. The absorbentoverall shall cover all test arg
hat are of interest.

the test garments to be tested over the absorbent overall on the manikin in accord

accordance with the manufacturer’s directions.

ck off from exposure to the liquid spray any areas of the manikin or test garments
. For example, tie or tape a plastic’bag over the manikin’s head. Ties or tape, or both
bre than 10 mm past the edge of(the'protective clothing or protective ensemble.

a sufficient amount of~fest liquid to the water supply to achieve a surface t
D) x 10-3 N/m.

ose the suited mauikin to the liquid spray in four different orientations as shown in Fig}
torso shall be oriented with the shoulders parallel to the indicated orientation. Spray lig
0 + 0,2) I/mimthtrough each nozzle simultaneously. Ensure that each nozzle is not partly
he start of'each test.

1 manikin shall be exposed for 15 min at each rotation, for a total of 60 min. Alternative
befotund in Annex B. If alternative times are used, these shall be indicated in the report.

e protective clothing or protective ensemble that are not to be tested shall be suitably: Iz,vocked off
to preven{ liquid from penetrating those areas. For example, in the case of ensembles without gl

es, block
tration at

mponents

as of the

ince with
nt on the

not being
shall not

bnsion of

ire 4. The
uid at the
lugged or

exposure

NOTE 1

The exposure s performed at four different static locations due to the [imitations of current test equipment.
Continuous movement of the manikin may be permissible if the testing laboratory is able to verify equivalency.
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Back of apparatus

1to4 pos
5 siddg

NOTE 2
manikin, p

8.7 Att
(+1/-0 mi
the exces

8.8 Insj
Determin|

a) Remd
area
used.

b) If a g

equip
of an}

¢) If a fluorescent dye is added to the liquid, examine the absorbent overall and garment inter

ultray
penet

8.9 Red
of liquid g
reason fo

NOTE
This redud

tion demonstrating the front of the manikin, perpendicular to the manikin shoulders

shower nozzles
Figure 4 — Orientation of suited manikin exposure (top view)

Figure 4 shows the top-down view for the suited manikin. Each position demonstrates the f
erpendicular to the manikin shoulders. The suited manikin is rotated through each of the four p

he end of the liquid period, turn off the liquid spray and allow the clothing to drain
h). Remove excess liquid from the surface of the test garment. The use of paper towels 1
liquid is one method that works well.

pection of the test garments shall occur within 10-hin of the end of the liquid sprz
e liquid penetration by one of the following procedures.

ve the test garments and any other ensemble components or equipment from the manik

Record these areas as locations of liquid.penetration.

ye is added to the liquid, remove-the test garments and any other ensemble comp
ment from the manikin and examine the absorbent overall and garment interior for the af
 dye-coloured areas. Record these areas as locations of liquid penetration.

Fiolet lighting in a dark room for fluorescing areas. Record these areas as locations
ration.

ord any test garments as passing if no areas of liquid penetration are observed. If there
enetration, reeord the protective clothing or protective ensemble as failing. Describe the
- each failukeg; if applicable.

es the possibility for false positive results.

font of the
sitions.

for 2 min
0 remove

y period.

ninadry

hnd examine the absorbent overall and garfent interior for signs of liquid or staining if dye was

bnents or
pearance

ior under
of liquid

are areas
probable

If permissible, inspection of the protective clothing occurs while still mounted to the manikin platform.
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9 Testreport

The test report shall include the following information:

a) areference to this document, i.e. ISO 17491-5:2024;

b)
9

d)

f)
g)

the m

anufacturer/supplier and any identification mark of the tested protective clothing;

a description of all means that may have been used for the purpose of blocking off parts of the protective
clothing worn by the manikin or for the purpose of blocking off parts of the manikin at the time of

testi

the cgmposition and surface tension of the liquid used in the tests;

for ed

1) the location and approximate areas of contamination of the internal surfaces of the tes
[:d the external surface of the absorbent overall, and

job)

2) a

the size range of the garment tested as defined in ISO 13688;

any further qualifying remarks and observations.

(front and back, separately) or by reference to photographs;

gimorder to prevent Hquid from penetrating at those areas;

ch spray test,

y contaminated areas should preferably be indicated by shadingron-diagrams of a hun

t clothing

an figure
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