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Microbial Ranking of Porous Packaging Materials (Exposure
Chamber Method) *

This standard is issued under the fixed designation F 1608; 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.

1. Scope E 691 Practice for Conducting an Interlaboratory Study to

1.1 This test method is used to determine the passage of Determine the Precision of a Test MetRod
airborne bacteria through porous materials intended for use i§
packaging sterile medical devices. This test method is designed o
to test materials under conditions that result in the detectable 3-1 Definition: _ _ _ _
passage of bacterial spores through the test material. 3.1.1 porous packaging materialn—a material used in

1.1.1 A round-robin study was conducted with eleven labonedical packaging which is intended to provide an environ-
ratories participating. Each laboratory tested duplicate sampld8€ntal and biological barrier, while allowing sufficient air flow
of six commercially available porous materials to determingl® Pe used in gaseous sterilization methods (for example, EO,
the LRV. Materials tested under the standard conditions deSt€@m, gas plasma).
fsrcc:)rlirt])idRi\? ih;stgezt?)method returned average values that range Summary of Test Method

1.1.2 Results of this round-robin study indicate that caution ,4-1 Samples of porous materials are subjected to an aerosol
should be used when comparing test data and ranking mate@! Bacillus subtilis var. niger spores within an exposure
als, especially when a small number of sample replicates afg'@mber. Spores which pass through the porous sample are
used. In addition, further collaborative work (such as describe§°!l€ctéd on membrane filters and enumerated. The logarithm
in Practice E 691) should be conducted before this test methd@duction value (LRV) is calculated by comparing the loga-

would be condsidered adequate for purposes of setting perfofithm Of the number of spores passing through the porous
mance standards. material with the logarithm of the microbial challenge.

1.2 This test method requires manipulation of microorgan- 4.2 Standard Set of ConditionsThis test method specifies

isms and should be performed only by trained personnel. Th@ Standard set of conditions for conducting the exposure
U.S. Department of Health and Human Services publicatioﬁhamber test method. A standard set of conditions is required to
Biosafety in Microbiological and Biomedical Laboratories enable evaluation of materials between laboratories. The con-

(CDC/NIH-HHS Publication No. 84-8395) should be con- ditions stated in this test method were chosen for several

sulted for guidance. reasons. F|rs_t, it is d_|fﬁcult to mf':untaln an aerosol of spores
1.3 This standard does not purport to address all of the®Ver long periods of tlme._(AIso, if the spore challenge time is

safety concerns, if any, associated with its use. It is thdong, the cost of the test increases). Second, to determine the

responsibility of the user of this standard to establish appro-différences between materials, it is necessary to test the

priate safety and health practices and determine the appnca[naterials under conditions which allow passage of bacterial

bility of regulatory limitations prior to use. spores. If a material does not allow any passage of spores, all
that can be stated is that it has better resistance to penetration

Terminology

2. Referenced Documents than the severity of the challenge conditions. Third, it is
2.1 ASTM Standards: necessary to have a large spore challenge level to be able to
E 177 Practice for Use of the Terms Precision and Bias irf!€lect the passage of spores through the entire range of
ASTM Test Method% commercially available porous packaging materials. The stan-

dard conditions stated in this test method are based upon these
factors. (Additional information may be found in the Refer-

* This test method is under the jurisdiction of ASTM Committee F-2 on Flexible ences section). However, since many factors influence the
Barrier Materials and is the direct responsibility of Subcommittee F02.60 ondetermination of an appropriate porous material (outlined in
Medical Packaging. _ : P :

Current edition approved April 10, 2000. Published June 2000. Originally5'1'1 5_'1'4)’ each use,r may mOdIfy these CO!’]dItIOﬂS (tha_t IS,
published as F 1608-95. Last previous edition F 1608-95. bacterial challenge, time, flow rate) after first conducting
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studies at the specified standard conditions. The standard setadn be influenced by factors including the free-air volume
target parameters for conducting the test method are as followsuithin the package and pressure changes occurring as a result
4.2.1 Flow Rate Through Sample2.8 L/min. of transportation, manipulation, weather, or mechanical influ-
4.2.2 Exposure Time- 15 min. _ ences (such as room door closures and HVAC systems).
4.2.3 Target Microbial Challenge-1 x 10° colony forming 5.1.4 The microstructure of a porous material which influ-

units (CFU)/sample port. ences the relative ability to adsorb or entrap microorganisms,
5. Significance and Use or both, under different air-flow conditions.

5.1 The exposure-chamber method is a quantitative proceG-
dure for determining the microbial-barrier properties of porous
materials under the conditions specified by the test. Data 6.1 This procedure should be conducted in a microbiologi-
obtained from this test are useful in assessing the relativeal laboratory by trained personnel. As a result, it is assumed
potential of a particular porous material to contribute to the losshat basic microbiological equipment and supplies for conduct-
of sterility to the contents of the package versus another porougsg routine microbiological manipulations (that is, standard

material. This test method is not intended to predict thepjate counts, sterilization with an autoclave, and so forth) will
performance of a given material in a specific sterile-packaginge available.

application. The maintenance of sterility in a particular pack-
aging application will depend on a number of factors, InCIUd'sheeting and consists of two major sections, as illustrated in

ing, but not limited to the following: . . . . )
9 g Fig. 1. The bottom section contains a six-place manifold

5.1.1 The bacterial challenge (number and kinds of micro d i fl inina h
organisms) that the package will encounter in its distribution°NN€cted to six flowmeters, one per port, containing hoses
tached to six filtering units. The port to the manifold is

and use. This may be influenced by factors such as shippi ‘
methods, expected shelf life, geographic location, and storagdached to a vacuum source. A vacuum gage is mounted
conditions. etween the manifold and the vacuum source. The upper
5.1.2 The package design, including factors such as adh&hamber contains a fan for dispersion of the bacterial aerosol,
sion between materials, the presence or absence of secondarport for attachment of the nebulizer, a port for exhausting the
and tertiary packaging, and the nature of the device within th€hamber, and a plate for attachment of disposable or steriliz-
package. able filter units. The chamber may use disposable filter units or
5.1.3 The rate and volume exchange of air that the porougeusable filter units, or both.
package encounters during its distribution and shelf life. This

. Apparatus

6.2 Exposure Chambeiconstructed primarily from acrylic

Nebulizer
Exhaust

Trap Jar

TN

Air Filter &\\/\ Sapﬁg |

To Vacuum Pump

Filtered Air

FIG. 1 Exposure Chamber
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7. Materials 9. Apparatus Preparation
7.1 Bacillus subtilis var. niger (ATCC9372), aqueous spore 9.1 Since aerosols containing bacterial spores are formed
suspension in water. during the use of this apparatus, the exposure chamber (see Fig.

7.2 Soybean Casein Digest AgaBottles for pour plates 1) should be assembled and used within a biological safety
and pre-poured plates~@5 mL in 100 by 15-mm plates) cabinet.
prepared commercially or in accordance with standard tech- 9.1.1 Place the top of the chamber on the bottom base.
niques. _ _ _ 9.1.2 Connect the top of each of the six flowmeters to the
7.3 Sterile Cellulose Nitrate Filters47 or 50-mm diameter, manifold using 0.65-cm inside diameter hoses. Connect the
depending upon filter unit specification, 0.45-um pore size. manifold to a filtered vacuum source.
_ 7.4 Sterile Bottle-Top Filter Units (Falcon-type 7104 or 9 13 Connect the bottom of each sample flowmeter to a
filter holders with funnel 310-4000 or equivalent). filter unit with 0.65-cm inside diameter hose using an end
7.6 Sterile Forceps . 9.1.4 Using a rubber hose, attach the nebulizer to a tee
7.7 Incubator, 30 to 35°C. , _ connector made of a 0.65-cm PVC and three pieces of 0.6-cm
. 7.8 Disk Cu'tft.er 47 or 50-mm diameter, depending uUpon jngjde diameter PVC piping approximately 7.5 cm long.
ltgrgugltt s_;l)e(éllcatlon. 9.1.5 Attach the vertical leg of the tee to a trap jar using a
7'10 S?”ﬁ Sov_es 3-cr® with dl . inett rubber stopper with a 0.65-cm diameter hole. The trap jar is
: erle Syringe s-cnt with needie or micropipette. intended to retain any unsuspended droplets produced by the
7.11 Sterile Pipettesto deliver 0.1, 1, 10, and 25 mL. nebulizer
;ig \B/cl)ertnedxerlvl\?:(lter: sterile/z-pt jar(s). 9.1.6 Attach the second end of the tee to a 1.3-cm inside
: e diameter rubber tubing approximately 3.8 cm long and connect
7.14 Vacuum Pumpwith air filter.
to the front port of the chamber.

7.15 Calibrated Timer L . .
7.16 Calibrated Flowmeters-One each with a range from 5 9.1.7 Attach a 1.3-cm inside diameter rubbe_r tubing ap-
proximately 16 cm long to the mouth of the nebulizer. Connect

0 32;@?%:';;?2&22 a range from 1307fo S0 1 /iing the loose end of the tubing to the third end of the tee.
7.18 Sterile Watey 100 and 9.9-mL aliquots, or other 9.1.8 Connect the nebulizer inlet port with a 0.5-cm inside

appropriate volumes for membrane grinding and dilutions. dfiameter rubbe; tu_bing to the top port of a calibrated flowmeter
7.19 Hoses and Piping- See Section 9 for lengths and (fom 5 to 30-L/min range).

diameters. 9.1.9 Connect the bottom port of the nebulizer to a filtered
7.20 Rubber Stoppers with HolesSee Section 9 for sizes. &l Source. _
7.21 Trap Jar. 9.1.10 Attach the exhaust port of the chamber that is used
7.22 Calibrated Vacuum Gage for evacuation to a 1.3-cm inside diameter tubing which, in
7.23 Compressed Air Sourcevith air filter. turn, leads to an air filter and to a vacuum source.
7.24 Biocontainment Hood 9.2 Filter Unit-Holder Preparation
7.25 Chlorine Bleach or suitable sporocide. 9.2.1 Wrap each non-sterile sterilizable filter unit in a

sterilizable wrap.
8. Sample Preparation 9.2.2 Sterilize the filter units as specified by the manufac-

8.1 Cutrandom samples of material into disks in accordanc#lrer. Presterilized filter units do not need to be resterilized.
with the size required for the filter holder being used (47 or 50
mm) using a disk cutter. It is suggested that additional sample$0. Apparatus Validation

be cut to allow for errors during the procedure. Typically, the 10,1 The test apparatus (see Fig. 1) must be validated for
sample disks are sterilized prior to testing using a test methogacterial challenge to each port. This step should be performed
appropriate for the specific material. Materials may also b&pon first use of the chamber and a minimum of three runs
tested before or after they are subjected to other conditionshoyld be conducted. The following description outlines vali-
such as heat or cold, relative humidity, different sterilizationgation of the test procedure for a challenge of 1.0° colony
processes, re.al time., or accelerated agi.ng. The sgmples ”_‘aWé‘Pming units (CFU) per port in 15 min at a flow rate of 2.8
stored in sterile petri plates or other suitable sterile containerg/min. If testing is to be conducted using other parameters, a
before testing. validation should be conducted using those parameters.

8.2 The minimum sample size for a given material is two, 191 1 Aseptically place a sterile 0.45-um membrane filter
which was used in the round-robin study of this test methody, the base of each filter unit using sterile forceps and gloves
However, it is strongly suggested that more samples be used Hiig- 2).

improve precision and bias (Section 14). 10.1.2 Attach the top of the filter unit to the bottom of the
exposure chamber. Then attach each filter unit to its respective
flowmeter.
2 Glass Nebulizer No. 40, available from Sunrise Medical, Inc., P.O. Box 635, : ;
Somerset, PA 15501-0635, or equivalent may be used, 10.1.3 Dispense 3.0 mL of the desired aqueous spore

4 Calibrated Flowmeter VFA-23BYV, available from Dwyer Instruments, Inc., P.O. suspe_n5|on into the nebulizer. When using the_ DeV||b|S7S #40
Box 373, Michigan City, IN 46361-0373, or equivalent, may be used. nebulizer, a volume of 3.0 mL at a concentration ok3.0
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| 5 B 10.1.11 Disconnect the hoses from each of the filter units,
port — Lo and remove the units from the bottom plate of the chamber.
10.1.12 Remove the filter membranes aseptically, one at a

4 3 6 time, and enumerate the organisms on each membrane (Fig. 3).

Since more than 100 CFU are anticipated, the spores must be
eluted from the membrane by grinding the membrane for 1 min

in a ¥2>-pt sterile blender jar containing 100.0 mL of sterile
water. Samples are then serially diluted prior to performing
standard plate counts to accurately determine the number of
spores. A dilution and plating scheme, which was used in the
round-robin study, includes plating 10.0, 1.0, and 0.1-mL
aliquots of the blended membrane in duplicate. An additional 1
to 100 dilution is prepared by placing 0.1 mL in 9.9 mL of
sterile water and plating 1.0 and 0.1-mL aliquots of this
&> — Membranc dilution in duplicate. This scheme produces dilution factors of
oS _ 101,102 1073, 10% and 10°. Other dilution protocols may
g e el spores be used. Plates having between 25 and 250 CFU should be
w used for enumeration. If alternative test conditions are used,
then the previously described dilution scheme may not be
appropriate. In instances where colony counts are less than 30

A Sample: Sample/Membrane — Grind in 100 ml sterile water, make
| dilutions and plate

- Discard after exposure

© —— Testing Material (Sample)

Control: Membmn‘e filter/Membrane filter — - Nej[gauvc control CFU, the limit of detection is dependent upon the volume of
"0«},) %‘Z:‘E;?ﬁﬁé’“” ofa  the undiluted aquupt plated from the_blender jar.i Duplicate
. _ R 10-mL samples will result in a limit of detection of 5
Bacterial exposure for this specific run CFU/membrane. If a lower limit is desired, plate an appropri-
E — Membrane (N G.ringiinl()()mld,slcrile A, milke ately larger volume. However, there is increased statistical
€ — Mombrane dilutions and plate variation with these low nqmbers. If the membrane grinding
(ncg. control) and plating procedure consistently results in counts less than 25
- — Filtration cup for collecting spores CFU from all dilutions, enumeration can be accomplished by
FIG. 2 Sample and Control Material Setup Moo i S o ;;) o Y
77777777777777 > &:{//
spores/mL is necessary to achieve a challengexflD° CFU L . P
(0.5 log) per port in 15 min. N
10.1.4 Turn on the chamber fan.
10.1.5 Adjust port flowmeters to 2.8 L/min. It is important . 1072
7777777777 >

that all ports be set to the same flow and monitored during the
exposure period. Before adjusting each flowmeter, open each
valve completely, then slowly open the vacuum and fine adjust Nor”

Membrane
until the desired flow is achieved.

10.1.6 Adjust the nebulizer flow rate as recommended by@ L
the nebulizer manufacturer to produce droplets that are within,
the appropriate particle size range. When using the DeVilbisswuerblended tmin. | L _ Olml -
#40 nebulizer, a flow rate of 8.5 L/min is used. N

10.1.7 Immediately start the 15-min timer. At regular inter-
vals, observe and adjust (if necessary) all flowmeters to
maintain the appropriate flow rate settings during the 15-min s LR
test period. PO I > N

10.1.8 After exposure, turn off the flow to the nebulizer, the o dw s
vacuum, and the fan. Nt

10.1.9 Evacuate the chamber for 15 min by connecting the 9.9 mi (blank)
vacuum source to the chamber through a microbial filter LL 01l s 10

103
<

assembly.

10.1.10 Disinfect the outside of each filtering unit. Use ——— > S
diluted chlorine (5 mL bleach to 245 mL water, prepared fresh N
daily) or other suitable sporicide. FIG. 3 Dilution Scheme
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