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Resistance of Chemical Protective Clothing Materials to
Liquid Permeation—Permeation Cup Method !

This standard is issued under the fixed designation F 1407; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

Workers involved in the production, use, and transportation of 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 dermatitis or burns, to chronic
degenerative disease, such as cancer or pulmonary fibrosis. Since engineering controls may not
eliminate all possible exposures, attention is often given to reducing the potential for direct skin
contact through the use of protective clothing that resists degradation, penetration, and permeation.

This test method provides a simple, gravimetric means for measuring the resistance of clothing
materials to permeation by liquid chemicals. Permeation testing by a more sophisticated procedure and
penetration testing are addressed by separate methods: Test Methods F 739 and F 903, respectively.
Test Methods for measuring the effects of chemicals on the physical properties of rubbers, plastics, and
coated fabrics may be found in Test Method D 471, Test Method D 543, and Test Methods D 751,
respectively. Guide F 1001 designates 21 chemicals for use with these tests.

1. Scope D 471 Test Method for Rubber Property—Effect of Lig-

1.1 This test method measures the barrier effectiveness of a uids’ ) ) . .
specimen of protective clothing upon continuous contact with D 543 Practices for Evaluating Resistance of Plastics to
a liquid. Chemical Reagents

1.1.1 Procedure A—For use when a value for the cumula- D 751 Test Methods for Coated Fabfics
tive amount of chemical permeated 1 h isdesired. E 105 Practice for Probab|I|'§y Sampling of Mat'erfals .
1.1.2 Procedure B—For use when breakthrough detection F 739 Test Method for Resistance of Protective Clothing
time and permeation rate values are desired. Materials to Permeation by Liquids and Gases Under

1.2 Although not addressed herein, the effect of the test _Conditions of Continuous Contéct _

comparing the weight or other physical properties of the _Protective Clothing to Penetration by Liquids

specimen before and after the permeation test. F 1001 Guide for Selection of Chemicals to Evaluate Pro-
1.3 This standard does not purport to address all of the tective Clothing Materiafs

safety concerns, if any, associated with its use. It is the 2.2 Federal Standard: .

responsibility of the user of this standard to establish appro- NO. 191, Method 4030.2 Measurement of the Thickness of

priate safety and health practices and determine the applica-  Materials

bility of regulatory limitations prior to useSpecific precau-

] . . : 3. Terminolo
tionary statements are given in Section 2. 9y

3.1 Definitions:
2. Referenced Documents

2.1 ASTM Standards:
2 Annual Book of ASTM Standardgyl 09.01.
2 Annual Book of ASTM Standardggl 08.01.
1 This test method is under the jurisdiction of ASTM Committee F-23 on  “Annual Book of ASTM Standardéyl 09.02.
Protective Clothing and is the direct responsibility of Subcommittee F23.30 on ° Annual Book of ASTM Standardél 14.02.

Chemical Resistance. ¢ Annual Book of ASTM Standardggl 11.03.
Current edition approved June 10, 1999. Published August 1999. Originally 7 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
published as F 1407 — 92. Last previous edition F 1407 — 99. Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.1.1 cumulative permeatigm—the total mass of chemical Y - . b
that permeates during a specified time from when the material B = Sy TOP AING
is first contacted. prronny 047
3.1.2 degradationy n—a deleterious change in one or more (\/"’a’*"'s“” 2
properties of a material. = P Groove 018 wie,
3.1.3 penetration n—in a protective clothing material or X - Holas tor through bolts 'p/“““'
item, the process by which a solid, liquid, or gas moves Cx :iiiﬁii::i:::ii::i;i?xt::'fﬁzji
through closures, seams, interstices, and pinholes or otht.g__,rmm/ﬁlj 0160 fﬁ i 140 :1:7 cup
imperfections on a non-molecular level. forbett ‘
3.1.4 permeation n—the process by which a chemical \ - v 8
moves through a protective clothing material on a molecular - 11.90 N
level.

Norte—Dimensions in centimetres.

3.1.4.1 Discussior—Permeation involves the followingi) FIG. 1 ASTM Permeation Cup

sorption of molecules of the chemical into the contacted

(challenge side) surface of the materié) (iffusion of the

sorbed molecules in the material, ar@) fesorption of the ~ 4.5.1 See Section 10 for volatility test.

molecules from the opposite (collection side) surface of the 4.5.2 The likelihood of detecting chemical permeation in-

material. creases adlf the sensitivity of the balance is increased a2)d (
3.1.5 steady-state permeation rate—a constant rate of the time between weighings and the length of the test are

permeation that occurs after breakthrough when all force§icreased.

affecting permeation have reached equilibrium. 4.6 In extreme cases the chemical could so severely degrade
3.1.6 test chemicaln—the liquid that is used to challenge the clothing material that the chemical will drip or otherwise
the protective clothing material specimen. flow from the inverted cup.

3.1.6.1 Discussior—The liquid can be either one compo- N
nent (that is, a neat liquid) or have several components (that |§' Significance and Use
a mixture). 5.1 This test method establishes a standard procedure for
3.2 Definitions of Terms Specific to this Standard: rapidly (in 1 h orless) determining the chemical resistance of
3.2.1 breakthrough detection timen—the elapsed time specimens of protective clothing materials. This test method
measured from the start of the test to the weighing timecan be used to rank materials as to their suitability for use with
immediately preceding the weighing time at which permeatiorfiquids of known or unknown composition.
is indicated. 5.2 The breakthrough detection time, permeation rate, or
3.2.2 protective clothing materiah—any material or com- Ccumulative permeation can be used to identify protective
bination of materials used in an item of clothing for the purposeclothing materials that are more likely to limit potential

of isolating parts of the body from a potential hazard. exposures to chemicals. Longer breakthrough detection times
3.2.2.1 Discussior—In this test method the particular haz- and lower cumulative amounts permeated and permeation rates
ard is permeation of a hazardous chemical. are characteristics of materials that are better barriers to the test
3.2.3 time interval n—the time between weighings of the chemical.
permeation cup. 5.3 In general this test method is less sensitive than Test
Method F 739 coupled with sensitive analytical procedures. In
4. Summary of Test Method cases where the chemical of concern is highly toxic and contact

4.1 The resistance of a protective clothing material toof even a very small amount with the skin may be detrimental
permeation by a test chemical is assessed by measuring thehealth, the permeation cup method is not recommended. Use
cumulative permeation, breakthrough detection time, and perfest Method F 739.
meation rate through replicate specimens of the material. 5.4 Upon permeating the clothing material, the chemical

4.2 A clothing material specimen is secured over the mouthnust evaporate in order for a weight loss to occur and
of a shallow cup that holds the test chemical. The normallypermeation to be detected. Consequently, the test method may
outside surface of the material faces the chemical; the otharot be applicable for chemicals having low volatility (that is,
side is open to the atmosphere. See Fig. 1. vapor pressure). The vapor pressure below which this test

4.3 The cup assembly is weighed, inverted, and reweighethethod is not applicable has not been determined.
at predetermined time intervals to determine the amount of 5.4.1 A procedure for assessing volatility is described in
chemical that permeates the material and subsequently evapBection 10.
rates to the atmosphere. 5.5 The results of this test method are highly dependent on

4.4 Based on the amount of chemical lost from the cuphe test temperature. If the objective is to compare different
during the exposure period, the breakthrough detection timeglothing materials, all tests shall be conducted at the same
permeation rate, and cumulative mass of chemical permeatirtgmperature £3°C).
the clothing material are calculated.

4.5 Detection of permeation requires sufficient volatility of 6- Apparatus
the test chemical, and the appropriate combination of analytical 6.1 Thickness Gagesuitable for measuring thickness to the
balance and weighing interval. nearest 0.02 mm (0.001 in.), as specified in Fed. Std. No. 191
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Method 5030.2, shall be used to determine the thickness afith all layers arranged in proper order. In each test, the
each material specimen tested. specimen’s normally outer surface shall contact the test chemi-
6.2 Analytical Balancereadable and reproducible to at least cal.
+1 mg, is required for measuring the weight loss of the 8.1.1 If, in a proposed design of an article of protective
permeation cup. The capacity of the balance should be at leaslothing, different materials or thicknesses of materials are
50 g more than the weight of an empty permeation cup. specified at different locations, specimens from each location
6.3 Permeation Cupshown in Fig. 1, is constructed of shall be tested.
metal (aluminum is recommended) and is composed of the cup, 8.1.2 If, in a proposed design of an article of protective
O-ring (PTFE is recommended), retaining ring (aluminum isclothing, seams are specified, additional specimens containing
recommended), and six fasteners (stainless steel is recorseich seams shall be tested. Care must be taken to ensure that
mended) for securing the retaining ring to the cup. The circulathe permeation cup can be properly sealed when specimens of
opening in the retaining ring has a diameter of 2.8.05 cm,  nonuniform thickness are tested.
corresponding to an area of 47.8Tm 8.2 Each material specimen shall have a diameter at least 5
6.3.1 Materials other than aluminum may be used in thenm greater than the outside diameter of the O-ring or sealing
construction of the permeation cup. Such materials may bsiechanism.
desirable for tests involving chemicals which are incompatible 8.3 A minimum of three specimens shall be tested for each
with aluminum (for example, acids). material, composite, area (in the case of a heterogeneous
6.3.2 A chemically resistant coating may be applied to thedesign), or other condition. Random specimens may be gener-
permeation cup to increase its range of chemical compatibilityated as described in Practice E 105.
Polytetrafluoroethylene (PTFE) has been used successfully as a
coating. 9. Conditioning
6.3.3 In place of the O-ring, either the cup or the retaining 9.1 No conditioning of the test specimen is required.
ring may be machined such that a seal is achieved when the
retaining ring is fastened to the cup. 10. Volatility Test
6.3.4 The volume available for the test liquid is approxi-

mately 80 mL, although this amount of chemical is not 10.1 Weight loss from the cup is the result of chemical

required nor recommended for performing the test. d|ffus_|on to and evaporation from the s.u.rface of the clgthlng
. : - . specimen that faces the air. If the volatility of the chemical is
6.4 Torquing Devicejo seal the retaining ring to the cup. I : . :
6.5 Lubricant. to prevent aalling between the fasteners andtoo low, the diffusing chemical will not evaporate from this
' 0P galling surface of the specimen as rapidly as it arrives there. In the
the cup. . .
extreme case, there might be no weight loss even though
7 Safety P i chemical has diffused through the specimen.
- Salely Frecau |9ns _ . 10.2 Evaporation rate increases with temperature.

7.1 Before carrying out this test method, safety precautions 10.3 Detection of evaporation is dependent on the sensitiv-
recommended for handling any potentially hazardous chemicaly of the balance and the surface area available for evapora-
should be identified and reviewed to provide full protection totjon.
all personnel. _ . . 10.4 To determine whether the volatility of the test chemical

7.1.1 For carcinogenic, mutagenic, teratogenic, and othek sufficient for the permeation cup method to be applicable,
toxic (poisonous) chemicals, the work area should be isolated;se the following test:
well-ventilated, and meticulously clean. Involved personnel 10.4.1 Place about 20 g of the test chemical into the cup.
should be outfitted with appropriate protective clothing and 10.4.2 Place the cup (uncovered) on the balance, being
equipment. careful not to spill the chemical.

7.1.2 For corrosive or otherwise hazardous chemicals, in- 10.4.3 Record the weight of the cup.

volved personnel should, as a minimum, be outfitted with 10.4.4 Leave the cup on the balance for the shortest weigh-

protective clothing and equipment. ing time interval that will be used during the test. The shortest
7.2 Provisions should be made for handling spills of the testime interval may be the entire duration of the test if cumula-
chemical or splashes to the eyes or skin. tive weight loss is the test objective (see Procedure A).
7.3 Appropriate procedures for the disposal of chemicals 10.4.5 Atthe end of the period, record the weight of the cup.
should be followed. If the weight loss is >10 mg, then the chemical has sufficient
7.4 The test should be performed in a laboratory fume hoogolatility for the permeation cup test to be performed.
or outdoors. 10.4.5.1 Because volatility is dependent on temperature and

Note 1—In order to obtain stable readings from the analytical balalnce,the detection of evaporation is dependent on the sensitivity of

it may be necessary to shield the balance or at least its pan from alf’€ balance, it may be necessary to rerun the volatility test each

currents. time any one of these parameters is changed.
_ 10.4.5.2 If no evaporation is detected, consider lengthening
8. Test Specimen the minimum time interval and rerunning the volatility test.

8.1 A protective clothing material specimen may consist of e 2> \when the test liquid is a mixture, weight loss during the

either a single layer or a ComDOSite_Of multip_le layers that. iSyolatility test may be due to the evaporation of a component that may not
representative of an actual protective clothing constructiopermeate the clothing specimen.
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11. Procedure A: Cumulative Permeation 12.5 Place the retaining ring over the specimen. Tighten the

11.1 Cut the test specimen from the clothing material adasteners in a uniform manner in order to avoid bending the
described in 8.2. Smaller sizes will result in leaking; largerfing due to uneven stresses. A torque of 6 in.-Ib is recom-
sizes will hinder sealing the cup. mended.

11.2 Measure the thickness of the specimen to the nearestnore 7—A small amount of lubricant may be applied to the threads of
0.02 mm (0.001 in.) and record. the fasteners to reduce the likelihood of galling.

11.3 Add approximately 25 mL of the test chemical to the {5 g Weighing Sequence

cup. 12.6.1 Weigh the cup immediately. This weight is the initial

11.4h Cenhter the material specimen over tﬂe Or']”ngj t‘T‘k'nﬁ/veight on which calculations of permeation will be based.
care that the specimen does not contact the chemical. The 13 g 5 |nyert the cup and begin timing. This starts the test.
normally outside surface of the chemical protective material
shall face the test chemical. Note 8—During the test, the inverted cup assembly should be posi-
tioned so that the material specimen is free to swell, sag, or pucker. The
Note 3—To avoid obtaining an erroneously high cumulative perme-inverted cup should be elevated off the counter, floor, or ground at least 2.5
ation, the procedures described in 11.4 through 11.6.2 should be pegm (1 in.) by a stand that allows air to pass freely under the cup. Air flow
formed as quickly as possible. is necessary for evaporation to occur. Ideally the test will be performed in
11.5 Place the retaining ring over the specimen. Tighten th@ 'aboratory fumehood or outdoors (see Note 1).
fasteners in a uniform manner in order to avoid bending the 12.6.3 At predetermined times, return the cup to its upright
ring due to uneven stresses. A torque of 6 in.-lb is recomeorientation and reweigh the cup.
mended. 12.6.3.1 For a 1-h test, the recommended elapsed times
Note 4—A small amount of lubricant may be applied to the threads of.from tthg St?rt r?.f LhtehEXposuLe (‘:Irc]jal; IS, from Lhedtlme;h% Cgpllg
the fasteners to reduce the likelihood of galling. inverted) at whic € cup shou . € reweighed are 5, o, 9, 1z,
_— 15, 20, 25, 30, 40, 50 and 60 min.
11.6 Weighing Sequence

. . . _ L L 12.6.3.2 The time interval between weighings shall never
11.6.1 Weigh the cup immediately. This weight is the initial 4ocrease during the test.

weight and is used in the calculation of the cumulative 15 6 4 Record the weight and time.

permeation. o , 12.6.5 Invert the cup.
11.6.2 Invert the cup and begin timing. This starts the test. 15 7 Repeat the weighing sequence until one or more of the
Note 5—During the test, the inverted cup assembly should be posifollowing conditions is met:
tioned so that the material specimen is free to swell, sag, or pucker. The 12.7.1 A predetermined time has passk# issuggested as
inverted cup should be elevated off the counter, floor, or ground at least 2 fhe minimum test duration.
cm (1 in.) by a stand that allows air to freely pass under the cup. Air flow 12 7 2 The weight losses per unit time have stopped increas-
is necessary for evaporation to occur. Ideally the test will be performed iriung and are approximately the same from interval to interval
laboratory fumehood td Note 1). . :
& laborafory fumenood or outdoors (See_ oe ) _ ] (that is, steady state permeation has been reached).
11.7 Afte 1 h return the cup to its upright orientation and * 12 7.3 The weight losses per unit time continue to increase
reweigh the cup. This weight will be used along with the initial from interval to interval, eventually surpassing a predeter-

weight to calculate the cumulative permeation. mined value.
11.8 Disassemble the cup. ~12.7.4 The weight loss per unit time for each interval
~ 11.9 Remove the material specimen and note any changesigaches a maximum and decreases by more than 50 %.
Its appearance. _ N 12.8 Disassemble the cup.
11.10 A minimum of the three specimens per condition, as 12 9 Remove the material specimen and note any changes in
i i 12.10 A minimum of the three specimens per condition, as
12. Procedure B: Breakthrough Detection Time and detailed in 8.1, shall be tested.

Permeation Rate

12.1 Cut the test specimen from the clothing material to thel3. Calculation
dimension prescribed in 8.2. Smaller sizes will result in 131 calculate the method sensitivity as follows:
leaking; larger sizes will hinder sealing the cup. -

12.2 Measure the thickness of the specimen to the nearest Method Sensitivity=(RIA) X 10° @
0.02 mm (0.001 in.) and record. where:

12.3 Add approximately 25 mL of the test chemical to the R = ygjue representing the reproducibility of the balance, g,

cup. _ _ ) A = surface area of the opening in the retaining ringZcm
12.4 Center the material specimen over the O-ring, taking and

care that the specimen does not contact the chemical. The = time: in Procedure A, the duration of the test, min, and

normally outside surface of the chemical protective material in Procedure B, the length of the time interval between

shall face the test chemical. the breakthrough detection time and the weighing time
Note 6—To avoid obtaining an erroneously short breakthrough detec- 'mmed'at,ely following it. If nq pe(meatlon 'S.deteCted'

tion time, the procedures described in 12.4 through 12.6.2 should be the duration of the longest time interval, min.

conducted as quickly as possible. 13.2 Calculate the cumulative permeation as follows:
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W—W;_ 10° ug 14.3 Report the test temperature (°C) (see 5.5).
A g @ 14.4 Report the test duration in hours.
14.5 Procedure A

CP

vc\:/gere: _ lati ion f ified 14.5.1 Report the average of the three cumulative perme-
= cumulative permeation for a specified test mate- »ong measured for each combination of clothing material and
rial and chemical, pg/cfn :
W, W, = weight measuremeni = initial, f = final, g, and chemical.
i = o L= y I = » Uy . .
A = surface area defined by the opening in the retain-se%é'ig\'/iylf no permeation is detected, report the method

ing ring, cnft.
13.3 Calculate the average permeation rate during each time
period as follows:

14.6 Procedure B
14.6.1 Report the breakthrough detection time and method
sensitivity for each test.

PR:WQ‘_WE‘X@ 3) 14.6.2 If no chemical permeation is detected, report the
At; g9 method sensitivity.
where: _14.6.3 Report the average o_f thg three cumulative perme-
PR _ average permeation rate for a time intervg) ations measured for each combination of clothing material and
. ' chemical.
pg/cnt/min, .

t = duration of time interval. min 14.6.4 Report a plot oPR versus exposure time for each
\}V .= weight of cup assembly'at st,art of interval, g, _specimen te_sted. For Qach time interval, use the midpoint of the
ng = weight of cup assembly at end of interval, g, and interval as time coordinate. For example, plot R for the
A~ = surface area defined by the opening of the retaininginterval of 30 to 40 min at 35 min.

ring, cnf. 14.6.5 If steady-state permeation is found (see 13.4), report

the average steady-state permeation rate for the material tested
along with the steady-state permeation rate for each specimen
tested.

13.4 Steady state permeation rate is defined as the average14.6.6 If steady-state permeation is not found, report the

value of three successiRRs obtained with time intervals of ayerage permeation rate for the three specimens during the last
at least 5 min and with the thifdR no more than 20 % greater time interval.

or less than the firdPR.

13.5 The breakthrough detection time is determined basetl5. Precision and Bias
on the definition in 3.1.1 and from inspection of tiR 15.1 This test method has been the subject of an interlabo-
calculated in 13.3. As examples, consider the two followingratory test involving ten independent laboratories. The test
sets of data for tests performed with a retaining ring having aghemical was acetone (ACS grade) and the material was a

Note 9—The following factors are useful in converting permeation
rates: 1 pg/crfimin = 0.17 mg/né/s = 10 mg/m/min.

open area of 50 cfn neoprene rubber she&The results are summarized in Table 1.
13.5.1 Set +—The breakthrough detection time is 3 min. 15.2 The average and within-laboratory standard deviation
for measuring steady-state permeation rate of acetone through
Time, min 0o 3 6 9 12 15 20 the neoprene was 249.77 (to be calculated) pg/cffmin. The
Cupweight,g 100 100 99 = 97.5 ~ 955 — 93 88 between-laboratory standard deviation wa&1.6 pug/cr/min.

Permeation rate, 0 0 6667 10000 13333 16667 20 000 L. .
pg/cm2/min 15.3 The average and within-laboratory standard deviation

for measuring cumulative amount of acetone permeating the

13.5.2 Set 2-The breakthrough detection time is 9 min. neoprenern 1 h was 11 575 (to be calculated) pg/ctThe
between-laboratory standard deviation was(to be calcu-

Time, min o 3 6 9 12 15 20 lated) pg/crA. o o
Cup weight, g 100 100 99 100 99 975 94 15.4 The average and within-laboratory standard deviation
Pemeationrate, 0 0 0067 ~6667 6667 10000 14000 for measuring breakthrough detection time for acetone perme-
ug/cm?/min

ating the neoprene was (to be determined}o be calculated)
minutes. The between-laboratory standard deviation w#®
14. Report be calculated) min.

14.1 Identify and report the material tested, including ge-1 ¢ Keywords
neric name, manufacturer, product name, nominal thickness, . . S .
measured thickness, and a general description of the location -6-1 chemical protective clothing; liquid permeation; per-
from which the specimen was taken (for example, palm or backheation; permeation cup method
of glove).

14.2 Identlfy the teSt. chemical, mCIUdmg generic .name’ 8 Neoprene sheet, 0.016 in. (16 mil), Stock Number 5550, Fairprene Industrial
source, and lot number in cases where the test chemical is @fqucts co., inc., 85 Mill Plain Road, Fairfield, CT 06430 (203-259-3351). Small

known composition. samples are available through the chairman of ASTM Subcommittee F23.30.
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TABLE 1 Interlaboratory Test Using Acetone and Neoprene Rubber Sheet

Neoprene Thickness, Breakthrough Steady State Permeation Cumulative Permeation in

Laboratory No. Temperature, °C Method Sensitivity, ug/cm?/min

in. Detection Time, min Rate, pg/cm?/min 1 h, pg/cm?
1 0.015 21 12 0.71 196 8714
0.015 21 9 0.71 199 8 669
0.015 19 12 0.71 211 8 080
2 0.017 25 9 0.71 248 10 866
0.016 25 3 0.71 249 11 224
0.016 24 6 0.71 254 12 103
3 0.016 19 12 0.71 213 8919
0.016 19 9 0.71 218 9778
0.016 19 12 0.71 201 8785
4 0.016 23 9 0.71 247 11 216
0.016 24 9 0.71 241 10 831
0.016 23 6 0.71 244 11173
5 0.016 25 3 0.71 316 15 230
0.016 25 3 0.71 287 14 288
0.016 25 3 0.71 293 14 194
6 0.017 22 6 0.71 243 9370
0.016 22 9 0.71 261 11 451
0.017 22 6 0.71 237 10 308
7 0.017 22 15 0.43 237 10 208
0.016 21 6 0.71 234 10479
0.016 21 6 0.71 239 10 857
8 0.016 23 6 0.71 277 14 254
0.016 23 6 0.71 287 14 307
0.016 24 6 0.71 251 14 015
9 0.015 25 3 0.71 296 14 106
0.015 25 9 0.71 274 12 417
0.015 25 3 0.71 304 14 908
10 0.015 23 6 7.1 231 12 605
0.015 23 9 7.1 238 10 660
0.016 23 0 7.1 267 13 245
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