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Foreword

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

When assessing the performance of personal protective equipment (PPE) against chemical risks, it is
clearly important to determine the ability of PPE materials to resist chemical ingress. The term "ingress"
is used here specifically so as not to distinguish between penetration and permeation. Penetration is
ingress through physical holes in the fabric such as pores, stitch-holes, and gaps in a protective coating.
Penetration is usually quite a rapid process, leading to the ingress of chemical within a matter of
minutes, whereas permeation is usually a slower process with molecular diffusion through a polymer
or elastomer. However, from the perspective of the wearer of PPE (gloves, footwear, protective clothing)
the mechanism of ingress is far less relevant than the fact that a quantity of chemical may at some point
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Protective clothing — Protection against chemicals —
Measurement of cumulative permeation of chemicals with
low vapour pressure through materials

1 Scope

This
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with

document describes laboratory test methods to determine the resistance of mateftia

Is, closures,

seams used in personal protective equipment (PPE) to permeation by solid or-liquid chemicals

low vapour pressure (less than 133,322 Pa at 25 °C) and/or insolubility in water or g

commonly used as collection media. These chemicals that are often part of pesticide form
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EC Electropedia: available at http://www.electropedia.org/

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.
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3.2

breakthrough detection time

elapsed time measured from the start of the test to the sampling time that immediately precedes the
sampling time at which the test chemical is first detected

3.3

cumulative permeation mass

total amount of chemical that permeates during a specified time from the time the material specimen is
first contacted with the test chemical

3.4
degradatiop
deleterious fhange in one or more properties due to contact with a chemical or heat

3.5
limit of quantification
minimum qyiantity of a substance which can be measured

Note 1 to entty: It is the value where the uncertainty of measurement is equal to 50% ofthe determined value.

3.6
penetration
process by which a chemical and/or microorganism moves through porous materials, seams, pinholes,
or other imperfections in a material on a non-molecular level

Note 1 to entfy: For the purpose of this document, penetration refers to.only chemicals, not micro-organisms.

Note 2 to enfry: For the purpose of this document, materials include protective clothing, footwear, and [glove
materials.

3.7
permeatio
process by which a chemical moves through a material on a molecular level

Note 1 to enfry: Permeation involves (1) adsorption of molecules of the chemical onto the contacted (oufside)
surface of a npaterial, (2) diffusion of the adserbed molecules into and through the material, and (3) desorptjon of
the molecule$ from the opposite (inside) surface of the material.

Note 2 to enfry: For the purpose of-this document, materials include protective clothing, footwear, and [glove
materials.

3.8
solid collection medium
solid materigl on the “clean” side of the test specimen in which any permeated chemical is collected

3.9
test chemidal
chemical ormixture of raw materials, including but not limited to, active ingredients, inert ingredients,
and a base solvent used in a formulation

Note 1 to entry: For the purpose of this test method, test chemicals are limited to chemicals (including mixtures)
with low vapour pressure less than 133,322 Pa at 25 °C and/or insolubility in water or other liquids commonly
used as collection media.

3.10
vapour pressure
pressure exerted by the vapour above the liquid in equilibrium at a given temperature

3.11

insoluble chemical

chemical having solubility of less than 50 mg/l at 23 °C in water or other liquids commonly used as
collection media

2 © IS0 2017 - All rights reserved
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closure
system or component which makes possible the closing of an item of PPE

4 Principle

A prepared collector disc shall be used to measure the cumulative permeation of chemicals with low

vapo

ur pressure and/or insolubility in water and other commonly used collection media.

The collector disc is placed under the test material in the test assembly (see Annex A). The cell is placed

ona

orizontal surface and filled with test chemical
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the predetermined duration of the test, the cell is emptied and the collector disc\is

|[d be used when testing.

The ¢lata are used to calculate cumulative permeation.
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Apparatus and supplies

The permeation cell consists of a base and a cylinder that.aré assembled with three bg
[he centre of the base and the bottom surface of the cylindetare raised to improve cont
wo surfaces. See Annex B for a technical drawing, in¢luding measurements for the
The gasket, collector disc, and test specimen are placed between the base and the d
pecimen’s normal inside surface is in contact with‘the collector disc. The material’s
vard the side that faces the test cylinder. The two pieces are connected with three b
ce of the cylinder has a spout to make it easiet*to drain the test chemical. The schemati
ermeation cell is shown in Annex A.

cylindrical, hollow insert illustrated.in Figure B.4 fits into the centre of the cell. Thd
tain contact between the collectoirdisc and the test specimen while the cell is being 4
be filled to bring the mass to (100'+ 1) g.

Annex B for the drawingiand description of PTFE cell used for the interlaborg
urements (including tolerance limits) in Figures B.2 to B.4 pertain to the cell in Annex

1
2 Cells made-with other materials and designs have not been tested.

3 Othertcells with similar design that give equivalent results could also be used.

Gasket, with (90,0 = 0,1) mm outer diameter (OD) and (35,0 + 0,1) mm inner diametf
fer the bolts.

removed for

ction and quantitative analysis. The predetermined duration stated in the product standard

Its to form a
act between
permeation
ylinder. The
uter surface
Its. The top
c diagram of

insert is to
ssembled. It

itory study.
| B.

Annex C includesa/ist of suppliers for the PTFE permeation cell, gaskets, and collector djiscs.

er (ID) with

The gasket shall be used to prevent leakage. 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 specimen, and then leak into
the collection side. This is most likely to happen by capillary action if the outer side of a multicomponent
material is from woven or nonwoven material. The size of the gasket may be changed to control leakage.
Information on selection and size of gaskets is included in Annex D.

5.3 Collector disc, a solid collection medium, with (50 + 1) mm diameter and (20,0 + 0,5) mm pre-cut
centre, made of Benchkote® Plusl). The pre-cut centre is attached to the outer ring at two opposite ends.

1) Benchkote® Plus is the trade name of a polyethylene-backed, absorbent paper manufactured by Whatman/GE
Healthcare. Benchkote® Plus is available through scientific product suppliers. This information is given for the
convenience of users and does not constitute an endorsement by ISO of this product.
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NOTE The pre-cut centre of the collector disc is designed so that it is attached to the outer ring at two points
and can easily be removed for extraction. Only the pre-cut centre is extracted to prevent contamination around
the edges that can affect test results.

5.4 Solvent, shall be selected for preparing the collector disc and extracting the chemical from the
collector disc. Selection of the solvent is based upon the chemical to be extracted and analytical method
used for chemical analysis. Care should be taken to ensure that the solvent present in the collector disc
does not degrade or damage the PPE material being tested.

NOTE1  Acetonitrile is suitable for preparing the collector disc when extraction is conducted with HPLC grade
acetonitrile or other liquids that are miscible with acetonitrile.

NOTE 2  Apmall amount of solvent in the collector disc should not affect the PPE material. A blank test wilthout
challenge ch¢mical can be carried out to confirm that there are no adverse effects of the solvent ©n th¢ PPE
material.

5.5 Pipettor, for pipetting (1,00 + 0,05) ml of solvent to prepare the collector disc.

5.6 Absorbent paper, one 80 mm x 80 mm square for preparation of each collecter disc. The absorbent
paper squargs shall be cut from Benchkote® Plus! paper sold as sheets.

NOTE Bé¢nchkote® Plus absorbent paper sold as sheets is specified dué«o the difference in absorbency
between Benfhkote® Plus paper sold as a roll and as sheets.

5.7 Stopwatch or electronic timer.
5.8 Balanice, accurate to 0,001 g. for weighing collector discs and 0,1 g for weighing test chemicall

5.9 (200 ¢ 2) g weight with a flat base that is (60™* 1) mm in diameter to be placed on top df the
collector disc.

NOTE Tlhe weight may be made of aluminium,brass, or any other metal.
5.10 Tweezers.

5.11 Hole punch tool, for punching holes accurately in test specimens.
5.12 Torque wrench, for tightening nuts in 4 Nm to 6 Nm range.

5.13 Orbital shaker;capable of (1,7 £ 0,2) s-1

5.14 Bottles, dirfight chemically resistant, wide-mouth bottles (minimum opening of 25 mm)|) for
extraction.

6 Test parameters
6.1 Analytical method

6.1.1 The method used to quantify the mass of test chemical in the collector disc shall be determined
before conducting the test.

6.1.2 Any analytical method may be used provided that:

— it is suitably sensitive to the test chemical. The limit of quantification (LOQ) shall be 0,1 pg/cm?
or lower;

4 © IS0 2017 - All rights reserved
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— it is either not significantly sensitive to the collection medium or any such sensitivity can be
accurately determined and discounted; and

— itisnotsignificantly sensitive to any likely minor impurities either inherentin the collection medium
or introduced into the collection medium by prolonged contact with the test specimen. For example,
when testing “powdered gloves,” the analytical method should not be sensitive to powders applied
to the insides of gloves during manufacture in order to facilitate donning.

6.1.3 Analytical techniques such as gas chromatography or high performance liquid chromatography
may be used to measure the mass of the test chemical. This requires extraction (in most cases) and
analysis of the extract.

6.2 | Determination of extraction efficiency

6.2.1 To measure the extraction efficiency, spike three collector discs with 2 ug.of the chemical to be
analysed. For spiking, use the solution prepared for calibration.

6.2.1 Extract the collector discs using the procedure in 8.2.
6.2.3 Analyse the extracts using the analytical technique selected in'6.1.

6.2.4 Calculate extraction efficiency using Formula (1):

wel

E = (Mme/ma) x 100 (0

where

kg extraction efficiency, in %;
e amount extracted, in ug;

M, amount applied, in pg.

6.2.§ The extraction efficiency shall be between 90 % and 110 % for all three spiked collector discs.
Repéat the procedure to determine extraction efficiency with another solvent if the extractipn efficiency
is nof within the acceptable limit.

6.3 | Test specimens

This|documentdoes not define from where to select the test specimens. The selection of teqt specimens
shalllbe given in product or performance specification standards.

The test/for a PPE material or seam is performed on 3 test specimens, unless otherwise spdcified in the
performance or product standard.

For multiple layer PPE materials in which the layers are separate, the internal layer that has no effect on
the chemical protection may be removed (e.g. thermal insulation layer).

Each PPE material or seam specimen shall be cut to a minimum diameter of 56 mm to ensure that it
covers the entire surface of the cell. Larger specimens cut as circles or squares that extend beyond the
edge of the 90 mm outer diameter of the cell are permissible.

NOTE It may be preferable to let the specimen extend beyond the edge, especially for materials in which the
surface promotes wicking.

© IS0 2017 - All rights reserved 5
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7 Preparation of test chemical and test specimens

Samples should be subjected to treatments such as laundering specified in the product standard and
conditioned for a minimum of twelve hours prior to testing. Test specimens shall be conditioned and
tested at (23 + 3) °C. The temperature of the test chemical shall also be (23 * 3) °C at the time of testing.

If the conditioning and testing are not conducted in the same location, testing of specimens shall
commence within 10 min of removing the specimens from the conditioning atmosphere.

NOTE1 In many cases this can be achieved by storing the specimen at the test temperature for several hours.
NOTE 2 It is intentional that no conditioning humidity is specified for test specimens. Once the test has

commenced, fhe contamination side will be in constant contact with liquid test chemicals and therefore .do¢s not
have to be cophditioned at a certain humidity.

8 Procedure
8.1 Contamination

8.1.1 Shale the test chemical well prior to testing.

A magnetic ptirrer is recommended.

8.1.2 Inseft the three bolts with the washers through the base«wf)the permeation cell and place i on a
flat surface.

8.1.3 Prepjare the collector disc.
8.1.3.1 Weigh the collector disc, and then place itin-a petri dish with the polyethylene film facing down.

8.1.3.2 Pipette (1,00 = 0,05) ml of the solvént onto the absorbent side, ensuring that the entire surface
is covered.

NOTE The collector disc is prepared\with solvent to improve contact between the collector disc and the test
specimen.

8.1.3.3 Use tweezers to carefully lift the collector disc and place it in the centre of the 80 mm x 8() mm
Benchkote®| Plus absorbentypaper with the absorbent side in contact with the absorbent side df the
collector disc.

8.1.3.4 Place the((200 + 2) g weight on top of the collector disc for (60 + 5) s.

8.1.4 Use ltweezers to carefully lift the prepared disc, weigh the disc, record the mass, and place the
collector disc immediately on the base of the permeation cell with the polyethylene side of the collector
disc facing the base.

The test cell shall be assembled close to the balance to minimize the evaporation of solvent once the
collector disc is weighed.

NOTE When acetonitrile is used as the solvent, the amount of solvent in the 35 mm collector disc is typically
0,49 gto 0,55 g.

8.1.5 Quickly place the test specimen on top of the collector disc. Care should be taken to ensure that
the inside of the material is in contact with the collector disc.

6 © IS0 2017 - All rights reserved
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8.1.6 Place the gasket on top of the test specimen and then place the insert that weighs (100 + 1) g in
the 35 mm opening.

NOTE The insert maintains contact between the collector disc and the test specimen while the cell is being
assembled.

8.1.7 Place the cylinder on the gasket with the spout-side facing up. Tighten the nuts by hand and then
use a torque wrench to ensure that there is sufficient pressure to create a reliable liquid-tight seal.

NOTE The pressure required to achieve a liquid-tight seal is dependent on factors such as the material and
gasket. Typical range is 4 Nm to 6 Nm. Higher pressure may damage the cell.

8.1.8 Remove the insert after tightening the nuts.
8.1.9 Weigh (35 *+ 1) g of the test chemical, and carefully pour it into the test chamber in its entirety.
8.1.10 Check to ensure there is no leakage. If there is leakage, remove the liquid.and start again from 8.1.1.

8.1.11 After the pre-determined time, empty the cell, carefully remove the nuts, and remove|the cylinder
and fest specimen.

NOTH Pre-determined time (e.g. one hour) is specified as part,ef'product or performance standards.

8.1.12 Use tweezers to carefully lift the 20 mm, pre-cut centre of the collector disc and placeitin a wide-
mouth, glass bottle with a screw top.

8.2 | Extraction and analysis

8.2.1 Add (20,00 £ 0,05) ml of the selected solvent to the wide-mouthed bottle using p graduated
cylinder, bottle-top dispenser, or other.suitable apparatus. Ensure that the collector disc |s in contact
with|the solvent and the bottle is secured tightly.

8.2.2 Set the orbital shaker speed to (1,7 + 0,2) s-1.
8.2.3 Place the bottles.on the orbital shaker and set the timer for (30 + 1) min.
8.2.4 Start the shaker and the timer, and extract for (30 * 1) min.

8.2.§ After{30 * 1) min, transfer the extract from the bottle to the storage bottles. Tighter] the caps on
the gpenings;of the storage bottles.

NOTH Use good laboratory practice for the disposal of toxic substances and clean-up ¢f laboratory
glassWare/apparatus.

8.2.6 Analyse the extracts using the analytical procedure selected in 6.1.

9 Expression of results

For each specimen, use Formula (2) to calculate cumulative permeation:

Pe=(c-V)/A (2)

where

© IS0 2017 - All rights reserved 7


https://standardsiso.com/api/?name=4c989364d1608639d5146ad3f9b02e2c

ISO 19918

P
c
%4
A

:2017(E)

is the cumulative permeation, pg/cm2 with one decimal place;
is the concentration of chemical of interest in extractant, pg/ml;
is the volume of extractant, ml;

is the area of the collector disc that was extracted, cm?2.

The result, Ry, is the average value of the 3 specimens.

If the 3 test results are within 20 % of Ry (included in the range [0,8 x Ry, 1,2 x R1]), the test is validated

orted

and Ry isre
If the 3 test
Ry is detern

If the secon
second test

If the secon
material wil

Fesults are not in the defined range, a new set of 3 test specimens shall be tested,
lined as the average value of the 3 new test specimens.

] set of 3 test results are within 20 % of Ry (included in the range [0,8 X R2, 1,2 x Rz]
s validated. Ry is reported.

] set of 3 test results is not in the defined range, the 6 results are réported and the t¢
| be reported as inhomogeneous.

, the

bsted

The uncertainty of measurement for each test method described in thi§ document shall be assessed and

should be uj
Note

a statist

amathe

One of the following approaches should be used:

uncertai]:ty and conformity assessment as given intlSO Guide 98-4.

ed to decide acceptance/rejection as specified in the product standard.

cal method, e.g. that given in ISO 5725-2;

atical method, e.g. that given in ISO Guide 98+35

L
1g information shall be inchuded in the test report:
hce to this document,d.e-ISO 19918;

tification of the miaterial, including supplier, trade name, and proprietary components

d only if thétest specimens were subjected to a treatment prior to testing;
ation éxpressed in minutes;

e of the test chemical and testing conditions;

of the treatment (such as laundering and simulated abrasion) of test specimen. This is

trade name, active ingredient, and the concentration used for testing;

10 Repor

The followiy

a) arefere

b) the iden

) detai_ls
require

d) testdur

e) tempery

f)

g)

h)

i)

j) anydev

8

solvent used for preparation of collector disc and extraction;
details of the analytical technique;

the results for each specimen and the mean;

iation to the standard and their justifications.

the information that describes the test chemical. If a commercial product was used, include the
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11 Precision and bias

The precision and bias information is included in Annex E.
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Annex A
(informative)

Schematic diagram of the permeation cell

cell base
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Figure A.1 — Schematic diagram of the test cell (side view)
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Drawing and measurements of the permeation cell, washer, and

bolts
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Figure B.1 — Drawing and measurements of cell cylinder
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Figure B.2 — Drawing and measurements of cell base
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Figure B.3 — Drawing and measurements of bolt and washer
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Figure B.4 — Drawing and measurements of cylindrical, hollow insert

Dimensions in millimetres
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Annex C
(informative)

Sources of permeation test cells, and permeation cell parts2

PTFE permeation cell and cylindrical hollow insert may be purchased from:

Applfjed PTastics Technotogy, ITc.
45 Broad Common Road

Bristol, RI 02809

USA
Emall: info@ptfeparts.com

Phone: +41 401 253 0200

Gaskgets and collector discs may be purchased from:
Seal & Design Inc.

4015 Casilio Parkway

Clargnce, NY 14031

USA
Emall: gasket@sealanddesign.com
Phorle: +716 759 2222

The gbove information is given for the convenience of users of this document and does not constitute an
endofrsement by ISO of this-product.

2) The products given in Annex C 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 endorsement by ISO of
these products.
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