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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
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Introduction

People involved in the production, use, transportation and emergency response with liquid and gaseous
chemicals can be exposed to numerous compounds capable of causing harm upon contact with the human
body. The deleterious effects of these chemicals can range from acute trauma such as skin irritation and
burn to chronic degenerative disease, such as cancer. Since engineering controls may not eliminate all
possible exposures, attention is often placed on reducing the potential for direct skin contact through
the use of protective clothing that resists permeation, penetration and degradation.

The test methods described in this International Standard are intended to be used to evaluate the barrier
effectiveness of materials used for protectijve clothing (see Note) against ingress by liquid or gaseous
chemjcals. Options are provided for conducting this testing under both conditions oficpntinuous or
intermittent contact with the chemicals.

Thesg test methods provide options for reporting test results in terms of breakthrough timg, permeation
rate gnd cumulative permeation. These parameters are key measures of the effeetiveness|of a clothing
material to actas a barrier to the test chemical. Long breakthrough times, low(permeation rates and low
cumullative permeation mass are characteristic of high level barrier materials.

Resisfance to penetration by liquid chemicals should be determined bj.using ISO 6530 while resistance
to pepetration by liquid chemicals under pressure should be determined by using ISO 13994. These
Interpational Standards are listed in the Bibliography.

It hag been assumed in the drafting of this International Stahdard that the execution of its provisions
will he entrusted to appropriately qualified and experienced people with a sound unddrstanding of
analyftical chemistry. Appropriate precautions should be‘taken when carrying out this typg¢ of testing in
order|to avoid injury to health and contamination ofithe environment.

NOTE Finished items of protective clothing include gloves, arm shields, aprons, suits, hoods, boots, etc. The
phrase “specimens from finished items” encomp@asses seamed and other discontinuous regions ps well as the
usual pontinuous regions of protective clothing itéms.
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RNATIONAL STANDARD

ISO 6529:2013(E)

Protective clothing — Protection against chemicals —
Determination of resistance of protective clothing
materials to permeation by liquids and gases

1 S

cope

This International Standard describes laboratory test methods to determine the resistance of materials

used
part

n protective clothing, including gloves and including footwear, when the footwéari

contipuous or intermittent contact.
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pd A is applicable to testing against liquid chemicals, either volatile or saluble in water
fontinuous contact with the protective clothing material.

pd B is applicable to testing against gaseous chemicals expected:to be in continuous
otective clothing material.

pd C is applicable to testing against gaseous and liquid chemicals, either volatile or sol;
ted to be in intermittent contact with the protective clothing material.

test methods assess the permeation resistance of the protective clothing md
htory conditions in terms of breakthrough time, permeation rate and cumulative
test methods also enable qualitative observations to be made of the effects of the tes
aterial under test.

test methods are only suitable for measuring permeation by liquids and gases. Pg
Challenge chemicals is beyond the scope of this International Standard.

hge chemicals. The normalizedrate of permeation is dependent on the area of fabric exposed t
cal. In the case of solids this 'will, in turn, depend also on factors such as particle size, siz
le shape and packing considerations.

test methods address only the performance of materials or certain materials’ d
eams). These tést*methods do not address the design, overall construction and

or inflerfaces of garments, or interfaces between garments and gloves or garments and

other
footw

Itise
be ex

factors which may affect the overall chemical protection offered by protective cloth
ear or cembinations of chemical protective clothing, gloves and footwear.

mphasized that these tests do not necessarily simulate conditions to which materials
based in practice. In most cases the conditions of the permeation test will be far mor

s an integral

bf the clothing, to permeation by liquid or gaseous chemicals under the conditipns of either

, expected to
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ible in water,
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It can be difficult or impossibleto normalize the results of permeation tests carried ouf against solid
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b distribution,
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components,
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e challenging

than

Xpected workplace comditions:

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

[SO 13994, Clothing for protection against liquid chemicals — Determination of the resistance of protective
clothing materials to penetration by liquids under pressure
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

31
analytical technique
method of quantifying the amount of permeated chemical in the collection medium

Note 1 to entry: Such methods are often specific to individual chemical and collection-medium combinations.

EXAMPLE Applicable analytical techniques caninclude ultraviolet (UV) and infrared (IR) spectrophotometry,
mass spectrometry, pH measurement, ion chromatography, conductlmetry, colourlmetry, atmospherlc analytlcal
detector tubg ¢

separation te(
quantify the a

hniques rather than detectlon methods they can be used in con]unctlon with sultable detec1 ors to
mount of permeated chemical in the collection medium.

3.2
breakthrough detection time
elapsed timg measured from the start of the test to the sampling time that immediately precedgs the
sampling tine at which the test chemical is first detected

Y
02 |F

0,15+

0,1

0,05

10 20 30 40 50 60

Key

1 steady-st fe-permeation [fhp circles represent actual measured dnfn-pninfq)

Y permeation rate (pg/cm?2/min)
t time (min)

NOTE1 The breakthrough detection time is dependent on the sensitivity of the method and the frequency of
sampling of the collection medium.

NOTE 2  The breakthrough detection time for a method sensitivity of 0,05 pg/cm2/min is 23 min but would be
reported at 20 min, which corresponds to the last sampling time preceding breakthrough (since interpolation
of data is not permitted). The normalized breakthrough detection time at a normalization permeation rate
of 0,1 ug/cm?2/min is 33 min, but similarly would be reported at 28 min, which corresponds to the preceding
sampling time. The steady-state permeation rate is approximately 0,15 pg/cm2/min.
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3
the graph.

The cumulative permeated mass over a 60 min period is equal to the area of the shaded region

Figure 1 — Schematic permeation graph showing actual and normalized breakthrough times

3.3

and cumulative permeation mass

closed-loop
refers to a testing mode in which the collection medium volume is fixed and continuously circulated or
recycled

Note ]
sampl

Note 7

example, liquid collection media may be open to the air in an expansion vessel or constant-pressure

3.4

colleg
liquid
3.5

contd
in an
perm

3.6
cumy
total

Note 1

internpittent contact conditions with analogotis data for tests carried out under continuous-contac

to entry: The collection medium volume may change slightly from sampling without repls
ed collection medium.

to entry: The closed-loop collection medium need not necessarily be completely physically

‘tion medium
or gas on the inner “clean” side of the test sample in which any permeated chemical

cttime
intermittent contact (Method C) test, the durationthat the challenge-side cha
pation cell contains test chemical during each cycle

lative permeation mass
hmount of chemical that permeates during@a-specified period of time since the start o

to entry: Quantification of cumulative permeation enables the comparison of permeation be

cement of the

enclosed. For
header vessel.

s collected

mber of the

f the test

haviour under
I conditions.

E permeation-

entimetre of

act period to

Note 2 to entry: The measurement of cunitilative permeation may depend on the sensitivity of th|
test system.

3.7

cumylative permeation time

time pt which the total'quantity of chemical that has permeated through each square ¢
fabrid has reached a prédetermined mass

3.8

cycle|time

in an [interpiittent contact (Method C) test, the interval of time from the start of one cont
the startofthe next contact period

3.9

degradation

deleterious change in one or more physical properties of a protective clothing material

Note 1 to entry: Deleterious changes can be manifest as either an increase or decrease in a physical property. For
example, if the protective clothing material has been embrittled an increase in puncture resistance may be observed.

3.10

minimum detectable mass permeated
smallest mass of test chemical that is detectable with the complete permeation-test system

Note 1 to entry: This value is not necessarily the intrinsic limit of detection for the analytical instrument.
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3.11

minimum detectable permeation rate
lowest rate of permeation that is measurable with the complete permeation-test system

Note 1 to entry: This value is not necessarily the intrinsic limit of detection for the analytical instrument.

3.12

normalization permeation rate
permeation rate used for determining the normalized breakthrough detection time

Note 1 to entry: This test method provides two choices of normalization permeation rates: 0,1 pg/cm2/min or
1,0 pg/cm2/min, although Annex F prescribes the latter for tests carried out in support of CE certification.

3.13
normalized
time at whic}

Note 1 to entr]

3.14
open-loop
testing modg
the test cell

3.15

penetration|
flow of a ch
protective cl

3.16
permeation
process by w

Note 1 to entr
of a material,
opposite (insi

3.17
permeation
quantity of t

3.18
permeation
quantity of
material in a

Note 1 to entr]

breakthrough detection time
1 the permeation rate reaches the normalization permeation rate

y: See Figure 1.

in which fresh collection medium flows continuously throughythe collection cham
nd is not reused or recycled

emical through closures, porous materials, seamsyand holes or other imperfection
bthing material on a non-molecular level

hich a chemical moves through a proteetive clothing material on a molecular level

y: Permeation involves a) sorption of molecules of the chemical into the contacted (outside) s
b) diffusion of the sorbed molecules/in the material, and c) desorption of the molecules frd
e) surface of the material into the ‘collection medium.

mass
st chemical that passes through the protective clothing material within a given time

rate
fest chenrical that passes through a given exposed surface area of protective clg
given time

yPermeation rate is usually expressed in the units micrograms per square centimetre per 1

ber of

5 in a

Lrface
m the

thing

hinute

(ng/cm?2/min

3.19
protective ¢

lothing material

any material or combination of materials used in an item of clothing for the purpose of isolating parts of
the body from a potential hazard

Note 1 to entry: This includes chemical protective gloves and, when attached to chemical protective clothing, boots.

3.20
purge time

in an intermittent contact test (Method C), the time immediately following the termination of the contact
time when the test chemical is removed from the challenge-side chamber and air or nitrogen is blown
over the outside surface of the protective clothing material

© ISO 2013 - All rights reserved
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3.21

steady-state permeation rate

constant rate of permeation that usually occurs after breakthrough when the chemical contact is
continuous and all forces affecting permeation have reached equilibrium

Note 1 to entry: Steady-state permeation may not be achieved during the period for which permeation testing
is conducted.

3.22
test chemical

challenge chemical

liquid

or gas thatis used to challenge the protective clothing material specimen

Note 1
(i.e.a

4 P

The 7
testc

The tq
the te

The d

to entry: Theliquid or gas may be either one component (i.e. a neatliquid or gas) or have séver
mixture or solution).

rinciple

rotective clothing material specimen acts as a partition betweenCeme chamber of 3
b1, which contains the test chemical, and another chamber, which contains the collec

st chemical may be either aliquid or a gas. The protective clothing material specimer]
st chemical either continuously or intermittently depending’on the choice of the met

ollection medium, which may be liquid or gas, is (either periodically or continuou
itatively for its concentration of the challenge chemieal. The amount of that chemical th

hl components

| permeation
ion medium.

may contact
hod used.

5ly) analysed
At has passed

quant

throulgh the material specimen is recorded as a functien.of time after its initial contact withfthe material.

Diffeent test configurations may be used depefding on the choice of the test chemichl, collection

medi@im and conditions of the test.

lon rate, and
esentation or

The Breakthrough detection time, normalized breakthrough detection time, permeati
cumulflative permeation of the test chemical may be determined by either graphical repr¢
apprdpriate calculations, or both.

5 (hoice of analytical technique and collection medium

5.1 |General

The d
sensit
repre

ombination ©f the analytical technique and the collection medium shall be selected to optimize
ivity for the" detection of the test chemical. Wherever possible the collection medium shall
sent actual occupational conditions.

NOTE

When in use, the inner face of chemical protective clothing fabrics is usually exposegl to either air
inside|th®@garment, aqueous solutions from perspiration, or both. The use of, for example, ammonjia or methane
as collection media would not be appropriate since neither will be present inside the protective clothing during
normal use. Use of such collection media may also affect the test results since these substances may permeate the
test specimen from the collection side of the test cell.

5.2 Gaseous collection media

A gaseous collection medium is usually used under continuous flow conditions for the collection of
permeating molecules that are capable of vaporizing from the inner surface of the fabric under the
conditions of the test both quantitatively and in sufficient quantities for analysis. The gaseous collection
medium shall be a gas or gas mixture which does not interfere with the detection of the test chemical
and does not itself permeate or degrade the fabric under test. The quality of the gas supply shall be of
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sufficient consistency over the duration of the test that changes do not interfere with detection of the
test chemical.

EXAMPLES

Nitrogen or dry air.

If ambient air is used as a collection medium care shall be taken to ensure that the moisture content does
not vary significantly during the test.

Helium and hydrogen shall not be used as collection media since these gases can permeate some plastics
and elastomers, including gaskets and sealing-washers.

Ifreactive gases such as oxygen are used as collection media appropriate safety measures should be adopted.

5.3 Liqui(L collection media

Aliquid colle
are soluble i
Theliquid co
with the detd

NOTE Th
testing a PVC
chemical is in|
virtually all n

If there is an
then the test
cases this w
or degradati
inappropriat]

5.4 Other

Other collectlion media such as solid sorbentsumay be used provided that suitable collection efficic

are demonst
possible, be v

Care shall be
the fabric an
collection ms¢

6 Appard

ction medium is usually used for the collection of permeated molecules of lowyvolatilit
the collecting medium under the conditions of the test in sufficient quantities for an
lection medium shall be water, an aqueous solution or another liquid whi¢hydoes not int

ere are circumstances under which the above criteria are mutually exclusive. For example
fabric for resistance to permeation by an involatile isocyanate itwilV'be found that the cha

bn-aqueous liquids. Under such circumstances testing is, unfoffunately, not possible.

y doubt as to whether a liquid collection medium will degrade or permeate a test
fabric shall first be tested for permeation resistance to the collection medium. In
1l be possible by open-loop testing using a gasé€ous collection medium. If any permsg
pn is observed over an 8 h exposure then the* collection medium shall be deemed
e.

collection media

rated for the test chemical being used. The efficiency of such collection media shall, whe
alidated by comparison tgsimilar tests using either a gaseous or liquid collection me|

taken to ensure thatthére is complete and continuous contact between the inner fj
H the collection meditrm. This is particularly important when considering solid parti
bdia since the degree of contact will depend on particle size.

jtus

6.1 Thick

3,1S0 5084 gr'similar, to determine the thickness of each protective clothing material specimen tesg

ess.gauge, suitable for measuring thickness to the nearest 0,02 mm, as specified in ISO

ction of the test chemical and does not itself permeate or degrade the fabric under test.

y that
hlysis.
brfere

when
llenge

soluble in aqueous collection media and that the test fabric isaeadily permeated or degraded by

fabric
many
pation
to be

bncies
rever
dium.

hce of
rulate

L286-

ted.

NOTE 1

The purpose of this gauge is not to give a definitive measurement of fabric thickness but to highlight any

inter-sample thickness variations. Permeation can be extremely sensitive to very minor variations in sample thickness.

NOTE 2

The thickness of the sample is not used in the calculation of any results in this test standard.

6.2 Analytical balance, capable of being read to the nearest 0,01 g.

NOTE

The level of precision stated above is that necessary for measuring the mass per unit area of test

fabrics. If mass is used in any procedures for the calibration of detection equipment it may be necessary to have a
balance capable of being read to the nearest 0,0001 g
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6.3 Permeation test cell, consisting of a two-chambered cell for bringing the test fabric into contact
with the test chemical on the fabric’s normal outside surface (clothing exterior) and with a collection
medium on the fabric’s normal inside surface (clothing interior).

NOTE1 Annex B contains a list of suppliers of permeation test cells.

Test cells conforming to one of the diagrams and associated descriptions in Annex C are suitable but
other designs are acceptable provided that they meet the following criteria.

— The area of the outer surface of the fabric that is exposed to the test chemical shall coincide with the
area of the inner surface of the fabric which is exposed to the collection medium.

— The capacity of the challenge side of the apparatus shall be sulliciently large that vdlume and/or
cpncentration of test chemical are not significantly diminished by permeation.

— e challenge side of the apparatus shall be so designed that the mass or flow of the fest chemical
dpes not apply undue force to the fabric under test.

— Tihe collection side of the apparatus shall be so designed that the mass-or flow of the collection
nmpedium does not apply undue force to the fabric under test.

— Tihe difference in pressure between the two surfaces of the test sample shall not excedd 5 000 Pa.
NOTER  Unduepressuremay causethefabrictostretchtherebyrenderingitthinnerandlessresistantfto permeation.

NOTE|3  If either the test chemical or the collection medium-flows into and out of the appargtus the pipes
into apd out of the cell will need to be of sufficient internal cross-sectional area that no significant pressure is
generated under flow conditions.

The apparatus shall be so designed that the outer,surface of the test sample is in complete|contact with
the tgst chemical and the inner surface is in complete contact with the collection medium.

NOTE|4  The validity of the results can be affected by air bubbles in liquid collection media gnd liquid test
chemigals resting against the fabric under test;

The cpllection side of the apparatus shall be so designed that the collection medium is thorgughly mixed
and that aliquots of collection medium analysed for the presence of test chemical are repriesentative of
the whole of the collection medium.

NOTE[5 This can be achieved in a number of ways including physical agitation or turbulent flow of the
collecfion medium.

The 1haterials of construction of the apparatus shall be such that they do not alter the nature or
comppsition of thettest chemical, the collection medium or any of the test chemical that hgs permeated
throulgh the fabbic.

The gpparatus shall be so designed that the only way that test chemical can get into the collection
medifi-is by first permeating through the test fabric.

Care shall be taken to ensure that test chemical cannot leak out of the challenge side of the apparatus,
flow around the edge of the test sample and then leak into the collection side. This is particularly likely
to happen by capillary action if one or both surfaces of the test fabric are made from a woven or non-
woven textile.

6.4 Equipment for the collection medium, for either a gaseous or a liquid collection medium, capable
of a collection medium flow-rate of five volume changes per minute for the collection chamber of the
permeation test cell.

— Pump (if necessary).
— Method of flow control.

— Piping or tubing.

© IS0 2013 - All rights reserved 7
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— Permeation test cell (see 6.3).

— Analytical detector, suitable for the test chemical.

6.5 Equipment for open-loop or closed-loop permeation testing, consisting of the components
shown in Figures 2 and 3.

— Pump (if necessary).
— Method of flow control.

— Piping or tubing.

— Permeation test cell.
— Means fpr stirring or agitating the collection medium (when appropriate).

NOTE When used, agitation or stirring of the liquid collection medium at a rate of 0;11/s has been|found
to be satigfactory for some permeation testing.

— Analyti¢al detector, suitable for the detection and quantification of the’ test chemical in the
collectiop medium.

6.6 Stopwatch, or electronic timer.

6.7 Constdnt temperature chamber, bath or room, used_to maintain the permeation tegt cell
within + 1,0 {C of the nominal test temperature.

NOTE1 For reasons of safety, chemical permeation testingds-often carried out in laboratory fume-cuphoards
or in associatipn with other fume-extraction equipment. If aittconditioning equipment is used to maintain the test
temperature, pir flowing into the laboratory (to replace aif"and fumes extracted) may first need to be condifioned
to the appropfiate temperature.

If a water-bath is used to maintain the test témperature then steps shall be taken to ensure that ater
does not leal into either side of the test cell or wick into any internal or external textile componjent of
the test specjmen.

NOTE 2  Thjsrequirement can be achieved by first enclosing the test cell in a waterproof bag before the c¢ll and
bag are then immersed in the water-bath.

7 Systen] configuration

The apparatiis shall be arranged in either the open-loop or closed-loop configuration.

NOTE1  Thg specific configuration is generally dependent on the method of collection in combination with the
techniques uspdfor detection of the test chemical or its component chemicals.

NOTE 2  Closed-loop testing may provide different results from open-loop testing as a consequence of
differences in the system configuration and collection media. The rate of desorption of permeated molecules from
the inner face of the test chemical can depend on the nature of the collection medium.

7.1 Open-loop

In the open-loop configuration, the collection medium flows (see NOTE 1) from a supply reservoir,
through the collection side of the permeation test cell, to a detector where it is analysed for the presence
of test chemical. After analysis the collection medium flows to waste.

NOTE1  The collection may flow under gravity (in the case of a liquid) under pressure (in the case of a gas) or
may flow by the action of a suitable pump (as illustrated below).
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NOTE 2  The open-loop configuration is typically used in conjunction with gaseous collection media when
testing against volatile organic challenge chemicals.

The apparatus shall be selected, designed and configured so as optimize the test sensitivity. For the
open-loop configuration this is usually best achieved by keeping the area of fabric exposed to the test
chemical as large as practicable. In this regard, larger models of test-cell tend to give higher sensitivity.

The flow-rate of collection medium through the collection side of the test cell shall be sufficiently
high that any molecules of test chemical permeating through the test fabric are rapidly mixed into the
collection medium. The minimum flow-rate required to achieve this will depend on the exact design of
the permeation test cell. A flow-rate equal to five times the volume of the collection side of the test cell
per minute shall be used unless, for a specific design of test cell, it has previously been demonstrated
that 4 lower flow-rate gives equally good mixing. In such cases mixing shall be deemed. $ufficient if a
further increase in the degree of mixing does not alter the measured breakthrough time.61|steady-state
permeation rate.

NOTE|3  Lower flow-rates result in lower dilution of permeated chemical and thereby increpse minimum
detection levels.

1 6
2 5
4
3

fifesh collection meditim

%]

mpling side for.collection medium

(@]

llection medium sample
[imp

%)

gmple analyser

A U1 A W N
g=

aste

Figure 2 — Example configuration of open-loop permeation test equipment

NOTE4  The pump may be either down-stream of the test cell (as shown in Figure 2) or up-stream.

7.2 Closed-loop

In the closed-loop configuration the collection medium flows from a supply reservoir, through the
collection side of the permeation test cell, to a detector where it is analysed for the presence of test
chemical. After analysis the collection medium flows back to the supply reservoir.
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The apparatus shall be selected, designed and configured so as optimize the test sensitivity. For the
closed-loop configuration this is usually best achieved by keeping the volume of collection medium in
the loop as low as practicable. In this regard, smaller models of test-cell tend to give higher sensitivity.

NOTE1 The closed-loop configuration is typically used in conjunction with aqueous collection media when
testing against inorganic acid and alkali challenge chemicals.

NOTE 2  The use of a peristaltic pump for circulating a liquid closed-loop collection media can overcome
problems of contamination from pump lubricants and corrosion of pump components that might otherwise be
exposed to the collection medium. However, some designs of peristaltic pump can cause excessive pulsing of the
flow of collection medium. Such pulsing can apply excessive pressure to the fabric under test.

The flow-ra foiently
high that any molecules of test chemical permeating through the test fabric are rapidly mixed info the
collection m¢dium. The minimum flow-rate required to achieve this will depend on the exactydesfign of
the permeation test cell.

NOTE3  Aljquid flow-rate of 100 ml per minute has been shown to be sufficient for the commonly-used designs
of permeation| test cell.

Key

1 recycled ¢ollectionditedium

2 sampling|side for'collection medium
3 collection médium sample

4  pump

5 sample analyser (non-destructive)

6  collection medium reservoir

Figure 3 — Example configuration for closed-loop permeation test equipment

NOTE4  The pump may be either down-stream of the test cell (as shown in Figure 3) or up-stream.
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8 Detection

8.1

Frequency of analysis

8.1.1 Intestswhere the final resultis to be expressed as a time, the frequency of analysis of the collection
medium immediately before the time at which the final result is measured shall be as listed in Table 1.

Table 1 — Minimum sampling rates for collection medium

Final result Minimum rate of sampling
<10 min Every 75 s
>10 min but €30 min Every 150 s
>30 min but <60 min Every 150 s
>60 min but <120 min Every 6 min
>120 min but €240 min Every 6 min
>240 min but <480 min Every 1% min
>480 min At least one meagurement after 8 h

NOTE|1 In cases where the result cannot reliably be estimated merefrequent analysis may be pfrudent.

NOTE|2  The values of 75 s, 150 s, 6 min and 11 min are intended as maximum permissible valyes of nominal

60 s, 120 s, 5 min and 10 min sampling frequencies.

8.1.2] Inclosed-looptestswherethefinalresultistobe expressed asacumulative massatapiedetermined
time, [the collection medium need only be analysed’once at the predetermined time. It may, however, be

prudgnt to make a number of measurements around the predetermined time.

8.1.3| Inopen-loop tests where the finalresultis to be expressed as a cumulative mass ata predetermined
time, the collection medium shall be analysed at at least the minimum frequencies prescribed in Table 1
until permeation is detected. Once permeation has been detected the collection medium shall be analysed

at leapt every 75 s.

8.1.4| Incasesin which sampling and analysis of the collection medium are not continuous, results shall

not b¢ inferred by interpolation between discrete data-points.

NOTE The graph ofpermeation rate or mass versus time is seldom linear and therefore interpdlation is likely

to be yinreliable aftdiable to give misleading results.

8.2

Any analytical method may be used provided that:

Analytical methods

it is suitably sensitive to the test chemical;

it is either not significantly sensitive to the collection medium or any such sensitivity can be
accurately determined and discounted;

itis notsignificantly sensitive to any likely minor impurities either inherent in the collection medium
or introduced into the collection medium by prolonged contact with the test fabric.

NOTE For example, when testing “powdered” gloves the analytical method should not be sensitive to powders
applied to the insides of such gloves during manufacture in order to facilitate donning

It is desirable that the analytical method should also provide some confirmation of the identity of
the substance permeating into the collection medium. Such confirmation may, for example, be in the
form of chromatographic retention time, absorption frequency, or may reasonably be inferred by the
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selective nature of the detection method, for example ion-selective electrochemistry. Confirmation of
the chemical permeating into the close loop is particularly important in cases where the test chemical
degrades the fabric under test. This can lead to the release of degradation products into the closed loop
before breakthrough of the challenge chemical occurs.

Some test chemicals can be present in two or more equilibrium states. For example, when in aqueous
solution weak organic acids are present in dissociated and undissociated forms. When quantitatively
analysing for such chemicals due account shall be taken of such equilibria. For example, when detecting
weak organic acids by ionic conductivity account shall be taken of the fact that the conducting species
are in dynamic equilibrium with a non-conducting molecule.

Some detection n . For
example, flame ionization detection (FID) 1nvolves the combustion of the detected chemicalOlf such
detection mgthods are used in conjunction with closed-loop tests account shall be taken of the\arhount
of detected chemical that is lost.

Closed-loop ¢letection methods may involve the removal of aliquots of collection medium for analysis.
Depending on the analytical technique used such aliquots may or may not be retutned to the ¢losed
loop after anplysis. Account shall be taken of any reduction in volume of the closed.loop, and also pf any
reduction in the amount of test chemical in the collection medium.

9 Sampling

9.1 Sampling procedure

9.1.1 Clothing samples may be taken from:

— specific areas of the suit prescribed by a relevant product-performance standard;

— the fabric of whole garments;

— sheets of garment fabric which has not béen'manufactured into a garment;

— seams cliit from whole garments;

— sample geams in garment fabrictwhich has not been manufactured into a (whole) garment.

When taking samples from whéle garments, the specimens taken shall be representative of the whole
garment. In the case of multi¢layer constructions specimens shall include all layers arranged in proper
order with the exception thatreadily-permeable layers on either the inner or outer face of the composite
may be omitfed in order-to facilitate a better seal between the fabric and the test cell. If such layefs are
removed thig shall belreported.

If, in the dedign<of an item of protective clothing, different materials or thicknesses of materipl are
specified at different locations, specimens shall be selected from each location.

Each material specimen shall be cut to an appropriate size and shape consistent with the size and shape
of the test cell.

A minimum of three test specimens shall be taken at random from each protective clothing material,
composite, seam, area (in the case of heterogeneous design) or other condition. More samples may need to
be taken in accordance with 10.1. If desired, random specimens may be taken as described in ISO 2859-1.

9.1.2 Boot samples may be taken from:
— specific areas of the boot prescribed by a relevant product-performance standard;
— the thinnest topologically flat part of the shank;

— flatsheets of boot fabric of a thickness corresponding to the minimum thickness of the finished boot.
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9.1.3 Glove samples may be taken from:

— specific areas of the glove prescribed by a relevant product-performance standard;
— the glove palm;

— the back of the glove;

— the wrist area of the glove.

9.2 Preparation of test specimens

Prior|to testing, each test sample shall be brought to within + 3 °C of the temperature atwhich the test
is to Qe carried out.

NOTE|1 In many cases this can be achieved by storing the sample at the test temperatuge for seyeral hours.
NOTE|2 Itis intentional that no conditioning humidity is specified. Once the testlias commenced the sample
will be exposed to either 100 % humidity (in the case of aqueous test chemigals and collectiop media), 0 %

humidity in the case of non-aqueous test chemicals and collection media, or both,

NOTE[3  Other specific conditioning or preconditioning regimes are not precluded.

9.3 |Measurement of test specimen thickness and mass
The thickness of each specimen shall be measured to the fiearest 0,02 mm.
The npass of each specimen shall be measured to the nearest 1 g/m?2.

NOTE|1  Methods for measuring the thickness can béfound in ISO 2286-3 and ISO 5084. Methods|for measuring
mass ¢an be found in ISO 2286-2 and 1SO 3801.

NOTE[2 In the case of fabrics in which the‘a-protective film is laminated to a textile it may not|be possible to
deterinine whether inter-sample thicknessvariation is the result of variation in film thickness or textile thickness.

10 PBrocedure

10.1|Pre-screening

A sarIple of the protéctive clothing material shall first be tested according to ISO 1399%, Procedure
A, using water asthe’/challenge liquid. This pre-test is carried out in order to determine|whether the
material is resistant to liquid penetration.

NOTE|1 Ithas been found that protective clothing materials which are not resistant to liquid pgnetration can
give variable permeation test results.

If the fabricisshowntoberesistantte llul\,ud Pcuctratiuu theasetofthree rcyli\,atc pert eation tests
shall be carried out. If the fabric has not been shown to be resistant to liquid penetration then a set of
five replicate permeation tests shall be carried.

NOTE 2 A greater number of replicate tests is carried out on non-penetration-resistant fabrics in order to
better characterize potentially variable permeation performance.

10.2 Calibration

The response of the analytical detection system to the test chemical shall be calibrated. In the case
of open-loop tests, the minimum quantification limit shall be equivalent to a rate of permeation
of < 0,05 ug/cm2/min and, if cumulative permeation is to be reported, the maximum quantification
limit shall be equivalent to a rate of permeation of > 10 pug/cm2/min. In the case of closed-loop tests,
the minimum quantification limit shall be equivalent to < 0,05 pg/cm2 and the maximum quantification
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limit shall be equivalent to > 500 pg/cm?2. If, for any reason, these limits cannot be achieved the fact shall
be reported along with the actual quantification limits of the system.

NOTE 1

NOTE 2

A method for determining the minimum quantifiable permeation rate is presented in Annex D.

The sensitivity of the test method in detecting low permeation rates or amounts of the test chemical

that permeate is determined by the combination of the analytical technique and the collection system selected
as well as the ratio of the material specimen area to the collection medium volume (for closed-loop tests) or flow-

rate (for open-

NOTE 3

loop tests).

collection medium at volume or mass fractions as low as 10-7 %.

A sensitive analytical technique typically permits quantitative detection of the test chemical in the

NOTE 4  Hig
rate permit e
concentration|

10.3 Validd

The test sys
Validation sh
chemical and

NOTE Sel
will ensure th|

ther ratios of material specimen area to collection medium volume or collection mediun
rlier detection of breakthrough and detection of lower permeation rates. This is because
s of the test chemical in the collection medium will develop more rapidly once permeation st

tion

em as a whole shall be routinely validated to ensure consistent performance over
all be achieved by regularly repeating a test using the same test conditions, the sam
a sample of the same test fabric.

ection of a reliable combination of homogeneous validation test fabric and consistent test ch
ht the validation data are meaningful.

10.4 Preparation of test apparatus
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NOTE2 Pe
that, when in
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first protective clothing material specimen @hall be mounted in the permeation te
6.3 and the test cell shall be assembled. The apparatus shall be bolted or clamped tog

the collection medium.

s otherwise required by a product performance standard the test shall be carried oy
of 23,0 °C £ 1,0 °C. Approptiate steps shall be taken to ensure that the permeation tej
dium and test chemical age alkwithin the specified temperature range before the test comm

s can be achieved by-maintaining the permeation test cell, collection medium and test chem
rature, = 1 °C for at'least 30 min prior to testing.

‘meation-resistance test results are significantly influenced by temperature. It should be
1se, protective'clothing materials can be exposed to non-ambient conditions.

ollectien medium shall be loaded into the collection chamber of the permeation test ce
Uhich.the normal inside surface of the material specimen is exposed).
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higher
arts.

time.
e test
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11 (the

10.4.4 The collection medium shall be stirred, circulated or flowed continuously. In the case of liquid
collection media, steps shall be taken to ensure that there are no air bubbles on the inner surface of the
fabric sample.

NOTE1 The purpose of agitating the collection medium is twofold:

to ensure that it is homogeneous for sampling and analytical purposes, and

to prevent or minimize concentration boundary layers of permeant at the interface of the clothing material
and the collection medium.

The degree of agitation necessary to achieve these objectives is dependent on the permeation rate and
the relative solubilities of the test chemical in the material under test and the collection medium. At
this time, sufficient data are not available to specify minimum agitation rates. However, as guidance,
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in an open-loop system (i.e. collection medium flowing once through the cell, then being analysed and
discarded), interlaboratory data suggest that an adequate degree of mixing is produced when the flow-

rate is within the range specified in 7.1.

NOTE

2

preliminary experiments, in which the rapidity of the dispersion of a dye is observed.

For closed-loop systems with a liquid collection medium, adequate mixing levels can be determined by

10.4.5 Analysis of the collection medium shall commence, either continuously or discretely, and shall be
continued on a predetermined schedule according to the requirements of 8.1.

NOTE
theb

Samplingis carried out before the test chemical isadded to the permeation test cell in order to establish

seline values against which subseaguent analvtical data can be compared
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functjon of the'time elapsed since the start of the test according to 10.4.5.

hethod chosen for collection medium withdrawal shall be based on the techniquie
tical detection. For example, UV or IR spectroscopy is often used for contifniuous
e stream (although compounding and curing agents often used in protective clothi
terfere) while gas chromatography requires the analysis of discrete saniples. When
tion medium from open-loop tests, the flow of collection medium should never be
vill minimize adsorption of permeated chemical on the walls of thetest cell and assoq

sed-loop systems with sample withdrawal, replenishment of:the collection med
sary in order to maintain a fixed ratio of collection mediutn volume to surface are
men in contact with the collection medium.

es where samples are continuously or repeatedly withdrawn, analysed, and returng
o provision for volume maintenance is necessary.

Method A — Liquid chemicals with continuous contact

I The liquid chemical shall be loaded into the challenge chamber of the permeation
ber to which the normal outside surface of the material specimen is facing). Loading
ckly as practicable so that the time@ffirst exposure of all parts of the test fabric shall |
The challenge chamber of the test cell shall be so filled that the entire area of the ou
ecimen is in contact with thé.test chemical. The timing of the test shall start when th

If the density of thetest chemical is high, and the strength of the protective clothing matg
tested is low (for example, a thin latex film) the mass of the liquid may distort the specimen|
se in sample area¢In'such cases, steps may be taken to reduce the volume of test chemical prd
hen is completely covered with test chemical throughout the test period.

P The cantentration of the test chemical found in the collection medium shall be m
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Sampling shall be discontinued and the test shall be terminated after one or more of

the following

conditions is met (see Figure 4):

a

steady-state permeation is reached [Figures 4 a) and 4 €)];

normalized breakthrough time has been recorded;

[Figure 4 c)];

a
8

N

maximum rate is reached [Figures 4 b) and 4 d)];
h have elapsed or a pre-specified time has passed;

OTE In some cases the customer may request that a test be continued for more than 8 h

may ask that the test be ended after less than 8 h.
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— therate of permeation is such that the test chemical might overload the detection system or severely
contaminate the collection or test apparatus

10.5.4 After the test the apparatus shall be disassembled and cleaned as necessary.
10.5.5 A number of replicate protective clothing material specimens shall be tested according to 10.1.
10.6 Method B — Gaseous chemicals with continuous contact

10.6.1 The flow of the test gas into the challenge chamber of the permeation test cell (the chamber to
which the normal outside surface of the material specimen is facing) shall be commenced. Timing of the
test shall begin once the equivalent of five chamber volumes of gas have passed through the*chgmber
as determingd by means of a rotameter or other flow monitoring device placed in the inlet-strepm to
the chamber| The five volumes of gas shall be passed through the chamber within approximately 1 min.
Following thjs initial period, the gas flow-rate may be reduced to a minimal level suffieient to ensure
that the test gample is always in contact with the test gas and that no air can leak backinto the challenge
chamber. If the test is to be carried out at a non-ambient temperature, the challenge)gas shall be brpught
to the non-athbient temperature before it enters the test cell.

Care shall be|taken so as not to pressurize the challenge or collection chamber: Overly high pressures may
develop at high gas flow-rates or as a result of attachments that restrict.the flow of gas from the chamber.
Tightly-packed activated carbon beds or highly restrictive sparger tubesare examples of such attachrpents.

10.6.2 The ¢oncentration of the test chemical found in the collection medium shall be recordeg as a
function of time since the test was started according to 10.4.5s

Y

t

a) Mostitypical type.of permeation behaviour where the permeation rate stabilizes at p
“steady-state” value

Y

t

b) Type of permeation behaviour due to the material specimen being structurally modified by
the chemical resulting in an increase or decrease in permeation rate
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t

c) Type of permeation behaviour which occurs when the material specimen exhibits a sudden,
very large increase in rate

Y

t

d) Type of permeation behaviour which occurs’when there is moderate to heavy swelling of the
material specimen although the permeation rate eventually stabilizes

Y

t

E) Type of permeation behaviour which occurs when there is a high degree of swelling

Key
Y permeation rate (pg/cm2/min)
t time (min)

NOTE 1 Other types of permeation behaviour are possible and not uncommon.
NOTE 2 See Reference [7].

Figure 4 — Five types of permeation behaviour

10.6.3 Sampling shall be ceased and the test terminated after one or more of the following conditions
has been met (see Figure 4):

— steady-state permeation is reached [Figures 4 a) and 4 €)];
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— anormalized breakthrough time has been recorded;

permeation reaches a steady-state permeation rate and then proceeds at an ever increasing rate

[Figure 4 c)];
a maximum rate is reached [Figures 4 b) and 4 d)];

8 h have elapsed or a pre-specified time has passed;

the rate of permeation is such that the test chemical might overload the detection system or severely

contaminate the collection or test apparatus.

10.6.4 Afterjthe test the apparatus shall be disassembled and cleaned as necessary.

10.6.5 A number of replicate protective clothing material specimens shall be tested according to 1/0.1.

10.7 Methgd C — Liquid or gaseous chemical with intermittent contact

10.7.1 For Method C tests the challenge chemical, either gaseous or liquid, is applied to the test s
intermittently according to one of the schemes itemized in Table 2. At the startof the test the test s
is exposed td the challenge chemical in accordance with either Method A{for liquids) or Method
gases). The challenge chemical is then left in contact with the sample for the specified contact tim
Table 2), aftdr which the challenge chemical is removed and the challenge side of the test cell is fl
with air or an) inert gas. Flushing is continued for the specified purge time. This sequence is then rep
for the number of cycles specified.

10.7.2 For liquid challenge chemicals, the chemical may be removed from the cell by pouring or dr3
the test chemlical from the challenge chamber through the\inlet or outlet ports. Complete removal of vi
or tacky liqulids may not be possible. Incomplete removal is acceptable since in the work enviror
complete removal of such chemicals is not likely.

While pourihg the challenge chemical from.the test cell care should be taken not to inadver
disconnect pjpe-work connecting the collection side of the test cell to the detector or pump.

10.7.3 For gaseous challenge chemicals, chemical may be removed from the cell by stopping the f]
challenge gag and then starting the flow of purge gas.

10.7.4 Purging shall be effected by causing dry air or an inert gas to flow through the challenge S
the test cell 4t a rate of 10,41 chamber volumes per minute. The requirements for the purge gas sHh
the same as fpor gaseous, collection media.

10.7.5 The testsshall continue for the specified number of cycles unless any of the conditions of

hmple
hmple
B (for
e (see
ished
eated

hining
scous
iment

tently

ow of

ide of
all be

10.4.2

(for liquids) p£10.5.3 (for gases) has been met.

Table 2 — Recommended test conditions for intermittent contact testing

Method Contact time Purge time Number of cycles
min min
C1 1 10 11
C2 5 10
C3 10 60

10.7.6 The concentration of the test chemical found in the collection medium shall be measured as a

function of the time elapsed since the start of the test. The minimum frequency of sampling shall be
75 s throughout the test.

every
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The sampling schedule described in 8.1 is not used in Method C because it has been found that less-
frequent sampling can give misleading results.

10.7.7 A number of replicate protective clothing material specimens shall be tested according to 10.1.

10.8

Calculation of results

Results shall be expressed in one or more of three ways: normalized breakthrough time, cumulative
mass of test chemical that has permeated over a set period of time, or the time taken for a predetermined
mass of test chemical to permeate. The method of expressing the results, and the exact details of the
reported calculation, will depend on the reason for carrying out the test and/or the product standard

which) the protective clothing is intended to meet.

Ther

— quantity of permeated chemical versus time;

— C

|
~

10.8.

This
exam
perm

per nlinute) versus time (measured in minutes).

NOTE

The t
deter

NOTE

The t
rate f

NOTE

EXAMPLE Closedsloep test with a collection-medium volume of 100 ml.

Area (f fabric exposed to the test chemical is 5 cm?2.

Norm

hw data are likely to be in one of the following forms:

bncentration of permeated chemical versus time (usually for closed-legp-tests);

hte of permeation versus time (usually for open-loop tests).

I Normalized breakthrough time

s the time at which the rate of permeation reaches a-predetermined reporting crit]
ple of data for calculation, see Table 3). The data shall be transformed into the fo
pation (measured in pg of chemical per cm? of fabfic exposed to the test chemical dy

1 A computer spreadsheet can be used for thi§’purpose.

me at which the rate of permeation first'exceeds the normalized breakthrough crite
mined. This criterion will usually be-gither 0,1 ug/cm2/min or 1,0 ug/cm?2/min.

2 This may either be achieved by-inspection of the data or by graphical means.

me of the collection mediunt analysis immediately preceding the time at which th¢
rst reaches the normaliZed breakthrough criterion shall be recorded.

3 Thisis becausednterpolation of data can be unreliable and is therefore not permitted

lized reporting criterion is 0,1 pg/cm2/min.

erion (for an
'm of rate of
ring the test

rion shall be

b permeation
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Table 3 — Example data for calculation of normalized breakthrough time

Time of analysis | Concentration of Mass of test Total mass of test Rate of
test chemical in chemical in chemical that has permeation
closed loop closed loop permeated unit area of
fabric
min pg/litre ug pg/cm2 pg/cm?2/min
0 0 0 0
5 0 0 0
10 0 0 0
12 1 0,1 0,02 0,01
14 2 0,2 0,04 0,01
16 3 0,3 0,06 0,01
18 5 0,5 0,1 0,02
20 7 0,7 0,14 0,02
22 12 1,2 0,24 0,05
24 18 1,8 0,36 0,06
26 38 3,8 0,76 0,20
28 61 6,1 1,22 0,23
30 90 9,0 1,8 0,29

The rate of germeation first exceeds the reporting criterion‘at 26 min. The normalized breakth

time is there

10.8.2 Cum

fore reported as 24 min.

nlative permeation mass

This is the tqtal mass of chemical that has perieated through each square centimetre of fabric d

a predeterm
divided into
The result o
that time int

NOTE

ned time interval (for an examplé of data for calculation, see Table 4). The data sh
discrete time intervals, eachicentred on the time of an analysis of the collection me
each analysis shall be transformed into the form of mass of chemical permeated d
brval (measured in ug of chémical per cm? of fabric exposed to the test chemical).

A domputer spreadsheetean be used for this purpose.

The total mass of chemicak{in’ug of chemical per cm? of fabric exposed to the test chemical) th

permeated d

uring the préedetermined time shall be calculated by summation of the individual am|

of chemical germeated-during each time interval.

EXAMPLE

Area of fabric

Opensloop test with a flow-rate of 400 ml/min.

rough

uring
all be
dium.
uring

ht has
ounts

exposed to the test chemical is 20 cm?.

Predetermined time interval is 30 min.

20
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Table 4 — Example data for calculation of cumulative permeation mass

Time of Discrete Measured Rate at which Rate of Mass of Total mass of
analysis time concentration | test chemical | permeation chemical chemical
interval of test is entering the | per unit permeated permeated
chemical in flowing area each unitarea | each unit area
collection collection during discrete | since start of
medium medium time interval test
min min ug/litre pg/min ug/cm2/min ug/cm2 ng/cm?2
0 0 0 0 0 0
1a 0 0 0 0 0
P 1 0 0 0 0 0
0 0 0 0 0
32 2b 0 0 0 0 0
14 2 0 0 0 0 0
16 2 8 3,2 0,16 0,32 0,32
37 1c 10 4,0 0,2 0,2 0,52
38 1 13 5,2 0,26 0,26 0,78
39 1 17 6,8 0,34 0,34 1,12
30 1 23 9,2 0,46 0,46 1,58
a  Analysis carried out every minute for the first 10 min as per 8.1.1:
b Analysis carried out every 2 min after first 10 min as per 8:{1.
¢ Apalysis carried out every minute once breakthrough has'been detected as per 8.1.3.
Thetgtal mass of permeated chemical over the predetermined testtime of 30 minis therefore|1,58 pg/cm2.
10.8.3 Cumulative permeation time
This i the time at which the total quantity of chemical thathas permeated through each square centimetre
of fabfic has reached a predetermitied mass (for an example of data for calculation, see Tabl¢ 5). The data
shall pe divided into discrete time intervals, each centred on the time of an analysis of the collection
mediyim. The result of each analysis shall be transformed into the form of mass of chemical permeated
during that time interval{mieasured in pg of chemical per cm? of fabric exposed to the test ¢hemical).
NOTE A computet spreadsheet can be used for this purpose.
Starting at the first time interval, the successive permeated masses for each time interval shall be added
together to form a running total. The time at which the running total exceeds the predetefmined mass
shall pe determined. The time of the analysis immediately preceding this time shall be recprded.
For example:

— closed-loop test with a collection medium volume of 120 ml;

— area of fabric exposed to the test chemical is 4,8 cm?;

— predetermined cumulative permeation mass is 15 pg/cm?;

© IS0 2013 - All rights reserved
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Table 5 — Example data for calculation of cumulative permeation time

Time of analysis | Measured concentration | Total mass of test chemical Total mass of test
of test chemical in to have permeated into the chemical to have
collection medium collection medium permeated unit area of
fabric
min ug/litre ng ug/cm?2
0 0 0 0
0 0 0
2 0 0 0
3 0 0 0
4a 0 0 0
5 0 0 0
6 1 0,12 0,025
7 2 0,24 0,050
8 5 0,6 0,125
9 11 1,32 0,275
10 23 2,76 0,575
11b 48 5,76 1,200
12 73 8,76 1,825
13 127 15,24 3,175
14 201 24,12 5,025
15 295 35,4 7,375
16 409 49,08 10,225
17 523 62,76 13,075
18 637 76,44 15,925
19 751 90,12 18,775
a  Analysis cqrried out every minute for the first 10 min as per 8.1.1.
b Analysis cgrried out every minute once‘breakthrough has been detected as per 8.1.3.
The cumulafive permeationCmass first exceeds the reporting criterion at 18 min. The cumuflative
permeation ffime for 15 pg.is therefore reported as 17 min.
10.9 Visual assessment of test specimen
At the end of thé.test each test specimen shall be visually inspected in a well-lit area (spectacleq shall
be used if negessary to ensure normal vision) and it shall be observed whether or not the test spe¢imen

has been changed in any way by its contact with the test chemical. This inspection shall be conducted
both while the specimen is still “wet” and after it has dried since swelling may not be observed after the
specimen has dried. If any change is observed the change shall be recorded.

NOTE Examples of changes include discolouration, flaking, swelling embrittlement and disintegration.

10.10 Repeat tests

10.10.1 The results shall be assessed to determine whether the result obtained from any one test
specimen differs from the mean result by more than 20 %.

NOTE Experience in the development of this method indicates that this requirement is generally met,

provided that the test specimens have been drawn from a material that is physically homogeneous and not subject
to distortion or decomposition when in contact with the test chemical.
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data, a test report in accordance with Clause 11 shall be prepared.

10.10.3

If the results do not vary by more than 20 % of the corresponding average for that set of

If results do vary by more than 20 % from the mean for that set of data then a plausible

reason for this shall be sought. If a reasonable explanation has been found, a test report in accordance
with Clause 11 shall be prepared and the explanation shall be included into the test report.

NOTE

For example, the test specimens may have been of significantly different thicknesses.

If a reasonable explanation has not been found, then a second set of test specimens shall be prepared and
the testing shall be repeated under the same test conditions.

10.1(
20 %
with (

10.1¢
for th

NOTE
has cd
from
there

10.1(
the s4
of no

4
from the corresponding average for that set of data, a test report shall be prepared i
[lause 11 based only on the second set of test data.

5 If the results from the second set of specimens do vary by more than 20 % fro
ht set of data then either 10.10.6 shall be followed or 10.10.7. 10.10:6\is effectively op

If the results obtained from the second set of test specimens do not vary lLy more than

h accordance

the average

:I?onal.

The decision whether or not to follow 10.10.6 may be taken by the test house, the org
mmissioned the testing, or preferably by both after mutual consultation. In some cases it

anization that
ill be obvious,

spection of the existing data, that the procedure described in{10.10.6 cannot alter the fingl result and is

;]Sre unnecessary.

.6

A third set of test specimens shall be prepared and the testing shall be repeated under

me test conditions. The three sets of results shall'be combined and either the lowes} (in the case

Fmalized breakthrough time or cumulative permeation time results) or highest (i

cumujative permeation mass results) test result shall be discarded.

NOTE
anom
acong

If the
in acqg
disca
was n

If the

10.1¢
from
case (

This subclause makes allowance for thefact that when three sets of tests have been carri
lous result is unlikely to be representative of the performance of the fabric as a whole and is
equence of an undetected mistake jn‘the execution of an individual test.

remaining results do not vary by more than 20 % from the average a test report shall
ordance with Clause 11 based only on the remaining (reduced) set of results. The
rded result shall be notéd)in the test report but it shall be made clear in the report tk
ot used in the calculdtion of the overall result.

remaining results,do vary more than 20 % from the average then 10.10.7 shall be fol

7 The* data from both sets of tests (if 10.10.6 was not followed), or the re
three sefs of tests (if optional 10.10.6 was followed) shall be combined. Either the h
f normalized breakthrough time or cumulative permeation time results) or lowest (

the case of

ed outasingle
most probably

be prepared
value of the
1at this value

owed.

naining data
ghest (in the
n the case of

he remaining

cumuljative permeation mass results) test result shall then be discarded and the average of t
results Shall be calculated. If none of the remaining results varies more than 20 % from thelaverage then
a test report shall be prepared in accordance with Clause 11 based only upon the reduced set of results.

If any of the results does vary by more than 20 % from the average then the process of discarding
either the highest (in the case of normalized breakthrough time or cumulative permeation time results)
or lowest (in the case of cumulative permeation mass results) of the remaining test results shall be
repeated iteratively until none of the remaining results varies by more than 20 % of the mean. A test
report shall then be prepared in accordance with Clause 11 based only upon the remaining results (or in
the extreme case, the only one result remaining after the iterative procedure, which will be the lowest
of all single results in the case of normalized breakthrough time or cumulative permeation time results
or the highest in the case of cumulative permeation mass results).
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The values of all the discarded results shall be noted in the test report but it shall be made clear in the
report that these values were not used in the calculation of the overall result.

NOTE In cases in which there is a bimodal distribution of test results the process of iteratively discarding the
highest-performing test result ensures that the report is solely based on the lower-performing unimodal part of
the distribution.

11 Report

The following information shall be included in the test report:

NOTE An feiTT i i i1 i ;1 i i iTements,

to be adhered|to unless otherwise specified.

a)
b)

d)

f)

g)

h)

j)
k)

1)

24

a refererjce to this International Standard, i.e. ISO 6529:2013;
the method used;
EXAMPLES Method A, Method C2.

the manpfacturer’s identification for the material being tested and a description of the sampling
method used; i.e. report whether the material was taken from roll goeds or garments, the type
(fibre and coating compositions), supplier, lot number, and date ofd#eceipt of the material tested; if
the matdrial was taken from garments, report under subheadings‘for’each material, compositg, type
of seam, |or other conditions tested, and its position on the garment;

the thickness of each material specimen and the average thickness, expressed in millimetres, jof the
material|tested;

a full deqcription of any layers of a multi-layer fabricthat have been removed in accordance with 9.1;

the mas$ per unit area, expressed in grams persquare metre, of each material specimen and the
average mass per unit area, expressed in grams per square metre, of the material tested;

the identity of the test chemical(s) used,itsphysical state, its concentration (in the case of a solfition)
and its grade or purity;

the test fluration, expressed in Hours;

the colldction medium (including flow-rate and stirring, if applicable), system configuration (i.e.
open-lodp or closed-loop}-and analytical technique used; when multiple test results are pres¢nted,
differenge in testing precedures between different reported chemicals shall be indicated;

NOTE It is impertant that the system configuration for all permeation testing be reported| since
differencps in the-syStem configuration can lead to significant differences in test results.

the cyclq time, contact time, purge time, and number of cycles for intermittent permeation tegting;

if the requirements of 10.2 have not been fully met, the minimum and maximum quantifiable
permeation rates (when reporting breakthrough time) or the minimum and maximum detectable
permeation masses (when reporting cumulative breakthrough mass or time);

the breakthrough detection time for each test specimen and the average for all specimens of a test set;

the normalized breakthrough detection time, cumulative permeation mass, or cumulative
permeation time for each test specimen and the average for all specimens of a test set; the
nomenclature for reporting normalized breakthrough time shall include a subscript indicating the
permeation rate used for normalization of the breakthrough time;

EXAMPLE BTp,1 or BT1,0

if no permeation was detected or the permeation rate did not reach the selected normalization
permeation rate for open-loop permeation testing (Method A) or the selected normalization
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permeation mass for closed-loop permeation testing (Method B), the fact that no permeation was
detected shall be reported;

0) observations of material condition following contact with the test chemical.

For tests for which the results are expressed as normalized breakthrough time, or the time taken for a
predetermined mass of test chemical to permeate the following shall also be reported:

— if the permeation process reached steady-state, the steady-state permeation rate shall be reported,
expressedin micrograms per square centimetre per minute (pug/cm2/min), for each material specimen;
the average of the steady-state permeation rates for all replicates of a test set shall also be reported;

— tRhe maximum permeation rate, expressed IN MIicrograms per square Centimetrel per minute
lg/cmZ2/min), for each specimen and the average permeation rate for all specimens i a test set;

~

—

he plot of test chemical concentration, permeation rate, or cumulative permeation asfa function of
time for each specimen tested.

NOTE This test standard describes three different test methods and three sets.ofdifferent repgrting criteria.
The cyistomer, end-use, product specification or product standard may not require all of the variops test results
to be feported.
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Annex A
(informative)

Recommended list of chemicals for comparing permeation

A.1 Purps

The purpose
evaluating p

NOTE1l Re
a definitive ch

NOTE2 Th
chosen to rep
Other chemic
recommended

A.2 List of recommended liquid test chemicals

Reagents are
given in squg

— acetone
acetonit
carbon d

dichloro

diethyla

sulphuri

sulphuri

ethyl acq
n-hexang
methand

sodium ]I)ydroxide (40 % by mass), r=1,33 kg/1[1310-73-2],

resistance of protective clothing materials

DSE

of this guide is to provide a recommended list of both liquid and gaseous chernic3
rotective clothing materials in testing programs.

sults derived from testing programs using these lists of challenge chemicals arenot intended
aracterization of protective clothing materials.

Is list of challenge chemicals is not inclusive of all chemical challenges; the chemicalg
resent broad ranges of liquid and gaseous chemicals. Not all chemital classes are repres

ls, especially those of interest to the manufacturer or user, sheuld be tested in addition to
in this guide.

listed by common name, synonym, and Chemital Abstract Registry Service (CAS) ny
re brackets:

[2-propanone) [67-64-1],

"ile (cyanomethane, methyl cyanide)75-05-8],
isulphide [75-15-0],

methane (methylene chleride) [75-09-2],

mine [109-89-7],

tate [141-78-6),

e [110-54-3],.0r n-heptane,

1 (methydalcohol, carbinol) [67-56-1],

Is for

o give

were
ented.
those

mber

c acid (96 % by mass), r = 1,83 kg/1 to 1,84 kg/1 [7664-93-9],
c acid (18 % by mass),

tetrahydrofuran (THF, 1,4-epoxybutane) [109-99-9], and
toluene (toluol) [108-88-3].

A.3 List of recommended gaseous test chemicals

Reagentsarelisted by common name, minimum purity, synonyms,and CAS number given in square brackets:

— ammoni

26

a, anhydrous, (99,99 %) [7664-41-7],
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— chlorine, 99,5 % [7782-50-5],
— hydrogen chloride, (99,0 %) (hydrochloric acid) [7647-01-0].

A.4 Explanation of the recommended test chemicals

The chemicalslistedabovein A.2and A.3havebeenselected toprovideatestbatterythatisrepresentative
of many of the chemicals that a chemical protective clothing wearer might expect to encounter. It should
be emphasized that this is not a generic list taken from another application but a test battery specifically

designed to challenge the permeation resistance of chemical protective clothing.

Chemficals Tisted in the test battery are typically the smallest molecules of their type ex
smaller molecule would be gaseous at normal temperatures and pressures or where smallel
spontlaneously form dimers or trimers. In these cases the smallest liquid moleculeshas be
the gfounds that liquids are very much more concentrated than gases and that the pérmejs
is highly dependent on the challenge concentration.

Solids
chem
is als

are not listed in the test battery because, with very few exceptions, solids do 1
cal barriers over the timescale in which chemical protective clothifigyis intended to bd
currently no reliable permeation test method for solids.

The bpeakthrough time of a chemical is in no way related to the degfee of its toxicity. The tes
been gelected to test whether different types of chemical can{permeate through a chemic
id, not on the basis of the harm a substance might do to.the wearer should permeatig
abserice of well-known poisons from lists above should not‘therefore be interpreted as a
the tgst battery.

The dhoice of chemicals has been restricted to those substances against which chemic
clothing might reasonably be expected to provide protection. Chemicals such as violently]
reagents, unstable explosives and cryogenic liguids have not been considered since prote
these|additional hazards is beyond the scope 6f most chemical protective clothing standar

The Hattery consists of two groups of cliemicals; worst case examples of chemicals that 3
permgate many chemical barriers,ahd some of the most common hazardous chemicals tha
be enfountered by chemical profective clothing wearers. Some of the chemicals in the teg
into both categories. Good performance against all of the chemicalsin A.2 and A.3 can norm

to infer that the fabric offers good all-round permeation resistance against most chemicalg.

cetone - smallest'of'the ketones - very common industrial solvent

ncentrated’sulphuric acid - representative of strong and oxidizing mineral acig
imdustrial acid

ichloromethane - smallestliquid chloroalkane - representative of halogenated solv¢
perimeates many chemical barriers

Fept where a
homologues
bn chosen on
ntion process

ot permeate
worn. There

tbattery has
al protective
n occur. The
deficiency in

h] protective
air sensitive
ction against
ds.

re known to
t are likely to
t battery fall
ally be taken

s - common

ents - readily

too carcinogenic to be used for routine testing)

Diethylamine - smallest and most aggressively alkaline liquid organic amine
Methanol - smallest of the alcohol molecules

Acetonitrile - smallest organic nitrile molecule - representative of nitrile monomers
Ammonia - common industrial refrigerant gas

Hexane or heptane - alkane - representative of petroleum fuels
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Toluene - one of the smallest aromatic solvent molecules (benzene is slightly smaller but deemed

Ethyl acetate -most commonly encountered ester - used in large quantities as an industrial solvent
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— Hydrogen chloride - representative of polar inorganic gases - common combustion product of
some plastics and rubbers - given off by concentrated hydrochloric acid solutions used to clean and
disinfect dairy equipment

— Chlorine - representative of the halogens - used extensively as a disinfecting agent for drinking
and swimming-pool water treatment (fluorine is a smaller halogen molecule but this chemical is so
violently reactive with such a wide range of materials that it is seldom encountered)

— Carbondisulphide - smallest liquid organic sulphide (thioformaldehyde trimerizes....)
— Sodium hydroxide solution - representative of aqueous solutions and strong alkalis
— Tetrahyfirofuran - smallest of the liquid ether molecules — readily permeates many chemical bapriers

— 18 % sylphuric acid - representative of dilute non-oxidizing acids - a typical chemijcal against
which Types 3 and 4 clothing might be expected to offer protection.
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Annex B
(informative)

Sources of permeation test cells and permeation test cell parts

NOTE

The products given in Annex B are examples of suitable products available commercially. This

information is given for the convenience of users of this International Standard and does not constitute an

1O

L £1l o
endOI‘ eeRt Uy 1001 tHhese PT OarHeEs:

Sectigns of borosilicate glass pipe, available from Corning Glass, Catalog No. 72-0702, (1-ip. length), or

equivilent, are satisfactory for this purpose.

Flanges are available from Corning Glass, Catalog Nos. 72-9062 (aluminium) ot-72-9654 (cpst iron).

Gaskdts are available from Corning Glass, Catalog No. 72-9256.

PTFE|gasket material is available from W.L. Gore and Associates, Inc.xIndustrial Sealant Group, Elkton,

MD 21921, USA.
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Complete permeation test cells can also be purchased from:

013(E)

Verre Equipements

3 rue des Quatres Chemins

69660 Collonges au Mont d'Or

France

Cambridge
Brookfield B

l1Isiness Centre

Twentypenc¢ Road

Cottenham
Cambridge
CB24 8PS

England

Pesce Lab Sa

les Inc.

226 Birch Stfeet

Kennett Squqre

PA 19348
USA

A.A. Pesce Glass Company Inc.

PO Box 1578
Hockessin
DE 19707
USA

1 ol - I L RpA |
[ASSUIUWIITE LIITILTU

LABC-Labortechnik

Miiller & Zillger GbR

Josef-Dietzgen-Strasse 1

53773 Hennef

Germany
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Annex C
(informative)

Designs and specifications of commonly-used permeation test cells

C.1 Permeation test cell for liquid test chemicals, capable of accommodating liquid chemicals,

const
or 51{mm diameter (see Figure C.1).

Matepials other than glass may be used for tests involving chemicals incompatible’ wi
hydrdfluoric acid).

Permgation test cells made from glass should be arranged as follows.

ructed from two end-fitting sections of straight glass pipe, each nominally sized to either a 25 mm

One end of each glass section should be sealed closed (for examplefwith a glass disk
guality to that of the glass of the original sections).

ol

letand outlet ports with appropriate stopcock valves should be added to each glass sect

Tihe opposite end of each glass section should retain the “as;manufactured” flared end|

th glass (e.g.

bquivalent in

ion as shown.

hen assembled, the two glass sections should be joined horizontally by flanges and a gasket should
b used at the joint. A second gasket may be used en the other side of the test specimend if necessary,

to obtain a proper seal.

EXAMPLE1 PTFE gasket material.

/hen carrying out tests against samplés or items that are not flat (e.g. seams or closurg
baling materials may be necessary.

v <=

T

XAMPLE 2  Butyl sealant, round profile.

closed-loop tests where in¢reased analytical sensitivity is required, a shorter length
ay be used to contain the‘collection medium. This reduces the contained volume and
ratio of material speeimeén area to the collection medium volume. In open-loop tests, loy

=a=

permeation rate.

s) additional

of glass pipe
ncreases the
er collection

edium flow-ratess\will increase the system sensitivity by lowering the minimuim detectable

The ghallenge:side chamber may be modified to include an additional outlet port (with stopcock)

positioned downward, opposite the liquid chemical inlet port. Such a modification will
repedted addition and removal of liquid test chemicals during intermittent testing.

facilitate the
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8
Key
1 replaceable stirring rod 5 filllevel
2 challengelchemical inlet 6  challenge side for test chemical
3 stop cockladapter 7  sampling side for collection medium
4  sample upder test 8 aluminium flanges

FigureC.1 — Permeation test cell for liquid test chemicals

The clothing matexial specimen is positioned between the flared ends of the two glass sectionp that
compose the[test\cell. When the specimen is in place, the test cell is divided into two chambers.

NOTE Sources for permeation test cell parts are provided in Annex B.

C.2 Permeation test cell for gaseous test chemicals (see Figure C.2), capable of accommodating
gaseous chemicals, identical to the liquid permeation test cell except that, with reference to Figure C.1,
two collection medium sections are used. Thus, the gaseous chemical can be circulated from its reservoir
through the challenge-side chamber. Flow should be such that the composition and concentration of the
gas in the test chamber does not change with time and the test gas in the chamber is well mixed.

A specimen is positioned between the flared ends of the two glass sections that compose the test cell as
shown in Figure 3. When the specimen is in place, the test cell is divided into two chambers.
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1 2
3
] \ 4
O O .
5
6
7
Key
1 sampling side for collection medium 5  protective clothing material specimen
2 challenge side for test chemical 6 gasket
3 valve 7  aluminium flanges
4  fi]ling tub
Figure C.2 — Permeation test cell configured for gaseous test chemicals
C.3 |Alternative permeéation test cells, for conducting permeation testing, see for examplle Figure C.3.
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Dimensions in millimetres
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®30
@25
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| 5
< |
} iy —— T
| iz -
|
|
|

Key

1 loose cover

2 liquid compartment
3  test material

4 screws

5 flow compartment

Exposed area of test material: 4,91 cm?2.
Volume of flow compartment: 17,2 cm3.

Figure C.3 — Alternative permeation test cell
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Annex D
(informative)

Suggested procedures for calibrating and measuring the
sensitivity of permeation-test systems

D.1 |General considerations

For afiy permeation-test system, regardless of configuration, apparatus, collection mediumn] or challenge
chemjcal, it is important that two parameters are quantified:

— the detector response as a function of challenge chemical concentration inythe collectipn medium;

— the minimum concentration of challenge chemical in the collection medium that can unequivocally
be quantified.

The way in which these parameters are determined will inevitably.depend on a variety of cqnsiderations
including things such as detection method, collection mediundand challenge chemical. THe purpose of
this annex is to give general guidance on calibration and measurement of sensitivity. Techniques other
than those discussed here may be equally suitable.

D.2 |Calibration

D.2.1 Closed-loop systems

The dalibration of closed-loop systems.:is.usually straightforward. Solutions or mixtures| of challenge
chemjcal in collection medium should be prepared over a suitable range of concenfrations. The
detecfor response to these solutions should then be measured and recorded. Graphicdl or spread-
sheet|techniques can then be usedto provide a graphical or numerical relationship betwgen challenge
chemjcal concentration and detector response.

The cplibration solutiong should be prepared over the range of concentrations at which the challenge
chemjcal is expected to-b€ encountered. This will depend on the volume of collection medjum, the area
ic exposed to¢héchallenge chemical and the degree of permeation that is to be meaqured. Rather
than yorking-out‘eomplex formulae for this, it is simpler to find the answers to a few simple questions:

hatis theminimum (maximum) amount of permeation that it is necessary to determing for this test?

— I thatminimum (maximum) degree of permeation were to occur, what would be the cpncentration

0 ?

For example, consider a test with a closed-loop volume of 100 ml and a test cell in which 5 cm? of fabric
are exposed to the challenge chemical. According to 10.2 the minimum detectable permeation should
be < 0,05 pg/cm?2.1£ 0,05 pg were to permeate each cm? of fabric then there would be 0,25 pg of chemical
in the 100 ml of collection medium in the closed loop. The lowest concentration calibration solution
should be at or below 0,25 pg chemical per 100 ml or 2,5 pg per litre. Similarly, 10.2 imposes a maximum
detectable permeation of > 500 pg/cm2. If 500 pug were to permeate each cm? of fabric then there would
be 2500ug of chemical in the 100 ml of collection medium in the closed loop. The highest concentration
calibration solution should at or above 2500 pg per 100 ml or 25 mg per litre.

It may be necessary to prepare and measure a range of solutions of intermediate concentration to
determine whether the detector response is linear across the entire concentration range. In many
cases it will be found that detector response is indeed linear at the low concentrations encountered
in permeation testing. The measurement of intermediate calibration solutions will also give further
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