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Standard Test Method for

Determination of Effectiveness of Cleaning Processes for
Reusable Medical Instruments Using a Microbiologic
Method (Simulated Use Test) *!

This standard is issued under the fixed designation E 2314; 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

Cleaning is acknowledged as the critical first step in the reprocessing of reusable medical
instruments. A test method to examine the efficacy and reproducibility of cleaning procedures would
be valuable in optimizing decontamination of medical instruments, as well as increasing the margin
of safety of subsequent disinfection and sterilization procedures. This test method is a means of
determining the efficacy of the instrument manufacturer’s cleaning instructions. In this simulated use
test cleaning steps are performed with the instruments in a controlled laboratory environment. Within
this environment, various parameters may be exaggerated to create worst-case conditions for the test.
Among these are the amount or type of organic soil or micro-organisms contaminating the
instruments.

The test method was developed primarily for large medical instruments or instruments with internal
channels or recesses (for example, flexible endoscopes) but may be used for any resuable medical
instruments. It employs both direct inoculation and sampling methods for external surfaces and
indirect inoculation and sampling methods for less accessible internal channels.

Cleaning is defined as the removal of foreign materials, most often mixtures of organic soil (for
example, protein) and microorganisms, from medical instruments. Bacterial endospores are the
preferred microorganisms in this simulated test because they would be more resistant to the potential
microbiocidal effects of the cleaning processes and solutions. This method examines the reduction in
the number of spores as a tracer of foreign materials and not necessarily the reduction in organic soil
directly.

This test may be designed to either examine the efficacy of a complete cleaning cycle consisting of
several integrated steps or individual cleaning step such as precleaning, manual cleaning, automated
cleaning or rinsing.

1. Scope 1.3 The test method utilizes bacterial spores as tracers for
1.1 This test method is written principally for large medical foreign materials and quantifies their removal as a means of

instruments or instruments with internal channels or recesséietermining the efficacy of a cleaning process.
resuable medical instruments. medical instruments and devices. However, it may also be
1.2 This test method describes a procedure for testing th@mployed by other individuals who have a knowledge of the

efficacy of a cleaning process for reusable medical instrumentgstruments, techniques and access to appropriate facilities.
artificially contaminated with mixtures of microorganisms and 1.5 Worst-case conditions can be represented by exaggerat-
simulated soil. ing a specific test parameter or otherwise intentionally simu-

lating an extreme condition such as performing the test without

cleaning solutions or utilizing instruments which are not new.
1 This test method is under the jurisdiction of ASTM Commitiee E35 on 1.6 The test procedure is devised to determine the efficacy
Pesticides and Alternative Control Agents and is the direct responsibility Ofof a Cleanlng process as applled to a partlcular Instrument or

Subcommittee E35.15 on Antimicrobial Agents. . . . . .
Current edition approved Oct. 1, 2003. Published November 2003. group of instruments by SImUIatmg actual use situations.
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1.7 The test procedure may be performed on test instru- 3.1.1 accessible location-a location on a reusable medical
ments using a complete cleaning cycle or be limited toinstrument(s) that may be contacted by bioburden, soil and
particular phases of the cycle such as precleaning, manualeaning agents.
cleaning, automated cleaning, or rinsing. 3.1.2 automated cleaning-the removal of foreign material

1.8 The test procedure is normally performed on a numbeirom medical instruments by means of a machine.
of external and internal sites, but it may be restricted to one 3.1.3 bioburder—the number and types of viable microor-
particular site on the instrument. ganisms that contaminate an instrument.

1.9 Aknowledge of microbiological and aseptic techniques 3.1.4 CFU—colony forming units.
and familiarity with the instruments is required to conduct 3.1.5 cleaning—the removal of foreign materials, including
these procedures. organic soil (for example, protein) and microorganisms from

Note 1—Because contamination of the surfaces of instruments ma);nedlcal Instruments.

occur as a result of rinsing with tap water, bacteria-free water should be 3.1.6 cleaning solutior-a 30|Uti0.n U_Sed to aid in the
used for all rinsing when a water rinse step is part of the cleaningemoval of foreign matter from medical instruments.
directions. 3.1.7 manual cleaning-the removal of foreign material
Note 2—Test methods to determine the effectiveness of cleaningrom a medical instrument without the aid of a machine.
medical instruments has only recently been actively debated, and research3_2 Definitions of Terms Specific to This Standard:

efforts are in their infancy. Because published experimental results are 3921 ¢l . ff th ff f ol . b
scarce, it is premature to dictate experimental reagents, conditions or ~-<: cleaning eincacy-the ? cacy O_ ceanmg may 'e
acceptance criteria. calculated as the log reduction of viable microorganisms

Note 3—The total elimination of the target organisms is not the goal ofrecovered from the test instruments as compared to the control
cleaning. Therefore, there will almost always be a number of microorganinstruments.
isms surviving on the test instruments unless one of the solutions or 3 2 2 control instruments-reusable medical instruments
processes disinfects or sterilizes the test mstrumgnt. The results of varioyshich are inoculated but not subjected to the Test Cycle.
clinical and laboratory tests suggest that cleaning processes alone can3 2921 trol inst t th titv of i
produce a 19to 10 log,, reduction in bioburden. The exact reduction -.¢.L controlinstrument recoverytne qua.n ity 0 |n_ocu—
will depend upon the precise experimental conditions. The criteria folUM that can be recovered fr_om the aCC953|b|e_ locations (for
judging cleanliness should be determined and recorded before initiation &xample, external surface sites and lumens, if any) of the
the test procedure. control instruments.

Note 4—This test protocol employs target spores as indicators or 3.2 3 neutralizer—a reagent used to stop the antimicrobial
s oy s g g 230U g 2gen(s) ht may b present o
as microbeads (latex beads) could be used in place of microbes. The St instruments f:lnd eluted aflong with the :jarget mlcrﬁorgan'
alternate approaches would be more practical in those circumstancé3MS- (See Practices _E 1(_)54 or recommenae neUtra izers.)
where microbiological expertise is limited. 3.2.4 reusable medical instrumentany medical instrument

1.10 This standard may involve hazardous materials, opera-tctists:igda'med by the manufacturer to be usable after repro-

tions, and equipment. This standard does not purport to 325 test | leani that util Il of th
address all of the safety concerns, if any, associated with its =< tes cy:: et_aélcbea;ﬂm% p:ocess at utilizes all ot the
use. It is the responsibility of the user of this standard toP@raMeters seiected by the tester.

establish appropriate safety and health practices and deter- 5-2-6 telst instruments-reusable rr?edical instrlumeﬂts which
mine the applicability of regulatory limitations prior to use. are inoculated and subjected to the Test Cycle. These instru-

ments are used to determine the efficacy of the cleaning

2. Referenced Documents process. _ . _
e et e L o
D 1193 Specifications for Reagent Water

E 1054 Practices for Evaluation of Inactivators of Antimi- example, external surface sites and lumens, if any) of the test

crobial Agents used in Disinfectant, Sanitizer, Antiseptic orms:;r;??mi" ot lati f . terial di
Preserved Products .2.7 test soit—a formulation of organic materials used in

E 1766 Test Method for Determination of Efficacy of Ster- testing the eficacy of clgamng. .
ilization Processes for Reusable Medical Devices 3.2.8 worst-case-the intentional exaggeration of one or
22 Other Source: more parameters of a test compared to the normal condition.
AAMI TIR No. 30 ACompendium of Processes. Materials. 70" example, this could include exaggerated soil load or
Test Methods, and Acceptance Criteria for Cleaning Red€/€tion of cleaning steps.

usable Medical Devicés
4. Summary of Test Method

3. Terminology 4.1 This test method is performed by inoculating interior or
3.1 Definitions: exterior surfaces, or both, of reusable medical instruments.
4.2 Both control instruments and test instruments are used
in this test method. Prior to inoculation, all instruments are
2 Avaiable from, Association for the Advancement of Medical Instrumentation,Cleaned .and reDrpcessed' An InOC.U|um Wlth .hlgh ngmbers of
(AAMI), 1110 North Glebe Road, Suite 220, Arlington, VA 22201-4795 target microorganisms suspended in test soil is applied to both
control and test instruments.
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4.3 It is impractical to determine inoculum recovery by 6.9 Membrane Filters0.45 um, and filter supports for the
immersion of large medical instruments or instruments withfilters.
internal channels or recesses (for example, flexible endo- 6.10 Colony Counter
scopes) in elution fluid because of their complexity, size, or 6.11 Disposable Plastic Pipettesarious sizes.
deleterious effects from immersion. Therefore, rinsing or 6.12 Reusable Medical Instrumentseprocessed prior to
swabbing techniques are used to recover target microorganisresach use.
from these types of inoculated instruments. 6.13 Cleaning Devicesaccessories or apparatus to be used
4.4 Control instruments are used to determine the number af the Test Cycle and/or for reprocessing between uses as
organisms which can be recovered from the instruments. Aspecified by the manufacturer of the test instrument.
least two control instruments are inoculated in the same 6.14 Vortex Mixer and/or Sonicator
manner as the test instruments, however cleaning is not 6.15 Vacuum Pump
performed. An appropriate recovery method (see 4.3) is then 6.16 Shaker and/or Stirrer
used to determine the level of inoculum recoverable from the
instruments. At least POCFU recoverable per instrument are 7. Reagents
required. For an instrument with lumens, the total number of 7 ;1 \iadia
organisms recovered from both inside and outside surfaces 01‘7.1.1 Sterile USP Fluid D (Elution Fluid) containing

:Zioi/l?;rumem will be defined as the control instrumenty,ysorhate 80. Alternatively, sterile elution fluid solution
' . containing 0.4 g KHPQ,, 10.1 g NgHPQ, and 1.0 g

_ 4.5 After the Test Cycle has been completed using the tesL, .ty inhenoxypolyethoxy ethanol (Triton X-100) prepared in
instruments, the inoculated target microorganisms remaining | ¢ Type Il or better ASTM water adjusted to pH 7.8.

on these instruments are recovered using the same elutiofye yrajizers appropriate for the cleaning solution may be
recovery and quantitation procedures used to determine t%ded to either of these solutions

number of target microorganisms on the control instruments. 7.1.2 Soybean-Casein Digest Broth, USKith and without

By comparing this test instrument recovery to the controly, o iate neutralizers for the specific test cleaning chemi-
instrument recovery, the efficacy of the cleaning process maXaI(s) in the cleaning solution

be calculated. 7.1.3 Soybean-Casein Digest Agar, US§ingle or double

5. Significance and Use strength with and without appropriate neutralizers in 10 to 50
L tubes or bottles tempered to 48 2°C.

7.1.4 Sterile Saline or Phosphate Buffdor rinsing mem-
ane filters.

5.1 This method is designed to evaluate the effectiveness oF
cleaning reusable medical instruments using a specified cIeaB-r

ing process. . . . .
. : . 7.2 Target Organisms-Standardized suspensionsB¥icil-
5.2 This method may be used to determine the eﬁ‘ecnveneﬁas atrophaeugndospores (ATCC 9372) containing nominally

of cleaning processes of recesses, hinged sites, lumina, or OthF(Sg ; :
difficult-to-reprocess areas of reusable medical instruments. CFU_/mL should be us.ed. Stan_dard|zed baCt.eF'a' spore
suspensions are commercially available. The origin of the

5.3 This method may also be used to verify the claims fors ore strain, production, storage, and expiration dates should
any portion of the cleaning cycle. P ' P ' ge, P

. . , be identified. Bacterial endospores are preferred as the target
5.4 The recovery of surviving microorganisms may be

. . . 2 : ; fstrain because they would be more resistant to potential
accomplished using swabbing, rinsing, or total immersion of_. I . ) X
instruments microbiocidal effects of the cleaning solutions. If other micro-

5.5 The efficacy of the elution methods or loss of the applieaorganisms are used, appropriate changes in growth media and

inoculum may be assessed by recovery of target organisn%igi':;%lsn;h%ugj1bi rln)ade (also see requirements for Control

from control instruments that have not been subjected to the 7.3 Type Ill or better ASTM Waterfor making broth and

cleaning process. elution fluids (see Specification D 1193).
6. Apparatus 7.4 Rinse WaterWater prepared by either steam steriliza-
6.1 Syringes 10 to 50 mL, sterile. tion or by 0.2 um filtration (when a water-rinse step is part of

6.2 Sterile Cotton or Dacron Swabs the cleaning process).

6.3 Sterile Petri Dishes 7.5 Test So#—Soil consisting of serum or solutions of
6.4 Sterile Tubesto hold 10 mL. serum proteins. These may be used alone or combined with
6.5 Sterile Bottlesto hold 50 mL and sterile flasks to hold ©ther types of organic soil. _ , _
250 to 500 mL. 7.6 Cleaning Solution-The cleaning solution used in the
Test Cycle.

6.6 Sterilization Devicefor the medical instruments being . . ) ) .
examined. Alternatively, supplies for high level disinfection /-7 Neutralizers (as appropriate}Chemical inactivators
recommended by the instrument manufacturer. wh|ch_ interrupt the killing action of the clee_mlng agent. (See

6.7 Water Bathwhich can maintain temperature from 20 to Practices E 1054 for recommended neutralizers.)

50 + 2°C.

6.8 Incubator(s) which maintain 37+ 2°C (for B. atro- 8- Procedure
phaeus formerly known asBacillus subtilissubspeciesiger) 8.1 Before use, all selected reusable medical instruments
or temperature appropriate for selected target organism. must be reprocessed according to manufacturer’s instructions.
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If an instrument is to be tested repeatedly, it must be reprothe control instruments. Enumerate the surviving target organ-

cessed between each test. isms with the elution and recovery techniques described in 8.5
8.2 Inoculation of Instruments (also see 8.8, Replication of Test).
8.2.1 This procedure describes the useBafcillus atro- 8.4.1 If the effectiveness of a complete cleaning cycle with

phaeusendospores. Soybean casein digest media are appropaH elements is required, perform a complete Test Cycle using
ate for culture of this and relatdhacillusendospores and may the instrument manufacturer's and/or the automated cleaner
also be used to resuspend commercial spore suspensions. manufacturer’s directions for cleaning of the test instruments.

8.2.2 Spore suspensions are to be mixed with the test soil forhe contribution of any single phase of the cleaning cycle may
inoculation of the instruments. The spore count may bdée evaluated by performing either the precleaning, manual
estimated spectrophotometrically or by using routine platingcleaning, automated cleaning, and rinsing, or other contribu-
procedures with appropriate agar media. It is recommendeiry steps separately or in combination.

that the suspension contain approximatel§ OFU/mL. 8.4.2 Cleaning solutions, accessory devices, automated or
8.2.3 Mix the spore suspension with a predetermined volmechanical cleaning equipment, as well as deviations from
ume of a solution containing test soil. routine processing instructions may also be tested.

8.2.3.1 Control experiments should confirm that the test soil 8.4.3 Cleaning Agent Controls-Tests shall be conducted to
solution does not inhibit the growth of the target sporesassess the sporicidal (antimicrobial) activity of the cleaning
(Evaluation may be done using the procedures in Practicesgent. Those that are clearly sporicidal (antimicrobial) as
E 1054). employed in the Test Cycle may not be appropriate for this test

8.2.4 In a preliminary experiment, confirm that the inocu-method.
lum (containing test soil) will supply sufficient numbers of 8.4.3.1 A cleaning agent with some sporicidal activity or
spores so that OCFU or a greater number of spores to beability to prevent the growth of surviving bacterial spores may
recovered from a control instrument. (It is anticipated thatstill be used if it is possible to interrupt the killing activity of
some fraction of the applied inoculum will be lost in the the sporicide at the conclusion of the test cycle through the use
process of inoculation and therefore will not be recovered.) of neutralizers (inactivators). Evaluation of the neutralizer may

8.2.5 In a preliminary experiment, confirm that it is possiblebe done using the procedures in Practices E 1054.
to obtain consistent recoveries from control instruments. 8.5 Elution, Recovery, and Quantitation Techniques

8.2.6 The location of all inoculated sites must be docu- 85.1 In general, results can be reported for the entire
mented (see 9.1.3.2). These sites should include the mogistrument. However, it is also possible to elute and report
difficult to access external sites and all internal channels.  individual sites such as an internal channel.

8.2.7 Inoculate the exterior surface of instruments with a g8.5.2 External Surface SitesFor external surface site of
micropipette or swabs saturated with the inoculum. Inoculatgnstruments, a sterile swab moistened with elution fluid is
the internal surfaces and lumens of endoscopes and similatibbed vigorously over the entire inoculated surface. Inocu-
instruments with a needleless hypodermic syringe. The inocUated moving parts should be actuated during elution. This
lum volume may range from the void volume of the channel toprocedure is then repeated using a new moistened swab. Both
10 mL applied to the channel opening. If necessary to obtain gwabs are placed in 10 mL of elution solution and mixed on a
higher number of spores adhering to the surfaces, a fresflortex mixer or sonicated for 3 to 5 min to remove the spores
inoculum can be reapplied. from the swab. Immersion of the entire instrument in elution

8.2.8 The inoculum should be applied to locations demonfluid in combination with sonication or agitation may be used
strated or suspected to be difficult to clean. Emphasis should bgs an alternative to swabbing for smaller instruments or
on those sites which would be most heavily contaminatedevices.
during clinical use. 8.5.2.1 The number of target spores recovered may be

8.2.8.1 Moving parts that are inoculated (for example,determined by preparation of 10-fold serial dilutions of a
hinges) should be actuated after inoculation. known volume of the recovered elution fluid, and then adding

8.2.9 The location of and rationale for selecting inoculatedone mL samples of each dilution to 20 mL of molten agar (46
sites must be documented (see 9.1.3.2). to 50°C) and poured into sterile Petri plates. Triplicate plates

8.2.10 After inoculation, instruments are positioned to fa-are prepared for each dilution, and the remaining volume of
cilitate drainage for at least 30 min at ambient temperature. elution fluid recovered from the instrument is added to an equal

8.3 Control Instruments-The total number of recoverable volume of double-strength agar and poured into mini- or
target spores on the control instruments is determined by usinggular Petri plates. Allow agar to solidify and enumerate after
the elution, recovery and quantitation techniques described imcubation of the plates for 48 h or the time and temperature
8.5 on the control instruments. In order for the test to be validappropriate for enumeration of the selected target organism.
an average of fOtarget organisms must be recovered from 8.5.2.2 Alternatively, the number of target spores recovered
control instruments. A minimum of two control instruments from the recovered elution fluid may be assessed using
should be evaluated. Either one replicate with two instrumentsmembrane filtration. The appropriate dilution of the recovered
or two replicates with one instrument may be performed.  elution fluid is placed on a pre-wetted (with sterile saline or

8.4 Test Instruments-The efficacy of the cleaning process phosphate buffer) filter and the vacuum turned on. The filter is
is judged by determining the reduction in bioburden on the tesivashed with sterile saline or phosphate buffer (containing
instruments subjected to the cleaning process as compared appropriate neutralizers when required). The membrane filter is
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then placed onto the surface of the appropriate solid agar 9.1.2.2 Test So#—Specify the composition, method of
surface in a Petri plate. Enumerate after incubation for thereparation and storage of the soil.

appropriate time and temperature for the selected target organ-9.1.2.3 Inoculum—Specify the concentration of spores and
ism. soil in the final inoculum.

8.5.3 Internal Sites—To recover target spores from a lumen  9.1.2.4 Cleaning Agent(s)}-ldentify the brand name(s) (if
or internal recess, aseptically irrigate with a volume of elutionapplicable), active ingredients, use dilution and special use
fluid equal to at least three times the void volume of the lumenconditions, if applicable.

Repeat this irrigation with fresh solution three times, collecting 9.1.2.5 Neutralizers—Identify the neutralizer(s), its final

all of the fluid in the same container. Mix the tube of recoveredconcentration and the solutions or media which contain neu-
elution fluid with a Vortex mixer and prepare serial 10-fold tralizer(s).

dilutions. Subculture the elution f|UId and enumerate as de' 9.1.2.6 Specia' Reagen_t_s_List any custom or Specia| re-

scribed above (see 8.5.2.1). Alternatively, dilutions may beygents used in the performance of the test method.
cultured for survivors using membrane filtration described in g 1 3 procedure

8.5.2.2. 9.1.3.1 Preparation of Medical InstrumentsDescribe the

8.5.4 After the incubation period, the number of coloniesyenrocessing method used to prepare instruments prior to use.
recovered from each instrument or test site(s) is determined by 9.1.3.2 Inoculation—Describe internal and external sites

counting appropriate sets of triplicate plates and calculating th
number of colony forming units (CFU) in the original sample
of recovered elution fluid. : . .

A I 1) List any special methods or custom devices used to

8.6 Neutralization and Growth Inhibition ContrelsTests inoéul)ate the i%strrzjments
shall be conducted to demonstrate that the neutralizer stops the : S . . .
i . ) . . S (2) Provide the rationale used to identify the most difficult

antimicrobial action of the cleaning agent and is not |nh|b|tory,[O clean sites

to the germination or outgrowth of the test spores. Evaluate . .
using the procedures set forth in Practices E 1054. 9.1.3.3 Worst-Case-List any worst-case conditions em-
ployed and the rationale for their use.

8.7 Comparative Quantitative DataThe effectiveness of . .
b Q 9.1.3.4 Test Cycle—List all of the procedures, associated

the cleaning cycle (or portions of it) may be evaluated by
comparing the number of spores eluted from the contro[€29eNts and apparatus used as part of the Test Cycle.

instruments (see 8.3) to the number eluted from the test 9-1-3-5 Elution—List any special methods or custom de-
instruments (see 8.4). The control instrument recovery must b4¢es used to elute the instruments. .
a minimum of 16 CFU per instrument. The number of 9.1.3.6 Replication—List the number of instruments and
organisms recovered from the test instrument will depend ofumber of replicates performed. Identify those instruments
the target organism, efficacy of the cleaning process, type gised as test and those used as control instruments.
cleaning solution(s) used, and test instruments studied. The 9-1.3.7 Cleaning Criteria—State the criteria selected to
criteria for judging cleanliness should be recorded in the tesfietermine the effectiveness of the cleaning process.
report before initiation of the test procedure (see 9.1.3.7). 9.1.4 Results

8.8 Replication of Test-The number of test instruments  9.1.4.1 Control Experiments
required should be determined by the size, complexity and (1) Neutralization Controls-Hist the results of tests per-
intricacy of the instruments. For complex test instruments dormed to demonstrate that neutralizers employed stop the
minimum of five replicates should be evaluated. Either onentimicrobial action of the cleaning solution which may remain
replicate with five instruments or five replicates with oneon the test instruments (see 8.6).
instrument, or any combination yielding five replicates may be  (2) Growth Inhibition—List results of tests to demonstrate

fhoculated. A labeled illustration identifying these sites may be
helpful for complex instruments.

performed. that neutralizers employed are not inhibitory to growth of
target spores (see 8.6).
9. Report (3) Cleaning Agent Controlskist the results of tests to
9.1 The report should contain the following minimal infor- €xamine the sporicidal activity of the cleaning agent (see
mation: 8.4.3)
9.1.1 Apparatus (4) Soil Controls—tist the results of tests performed to

9.1.1.1 Medical Instruments-Identification of instru- determine the effect of the soil on the target spores (see
ment(s) by manufacturer, name, model, and, if appropriate3.2.3.1).
serial number(s). Note if the instrument(s) are new or used. 9.1.4.2 Effectiveness of the Cleaning Process

9.1.1.2 Accessory Cleaning Devicesr apparatus used in (1) Control Instrument Recoverykist the results obtained
the Test Cycle. with each control instrument.

9.1.1.3 Special Apparatus-List any custom or special ap- (2) Test Instrument Recovery-st the results obtained
paratus used in the performance of the test method. with each test instrument.

9.1.2 Reagents (3) Cleaning Efficacy-tist the value derived for the

9.1.2.1 Target Organism-Specify the genus, species, effectiveness of the cleaning process.
method used to identify, origin, production, storage, and 9.1.5 Deviations—Describe substantive deviations from the
expiration dates of the spore strain used for the inoculum. test method.
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9.1.6 Statement that the test was conducted in accordandd. Keywords
with A.STM Standard F 2.314 Test Method for Determination pf 11.1 cleaning; cleaning solution; endoscope; recovery and
Effectiveness of Cleaning Processes for Reusable Medlc%llution_ reprocessing: reusable medical instrument
Instruments Using a Microbiologic Method (Simulated Use  eP 9
Test).

10. Precision and Bias

10.1 A precision and bias statement cannot be made for this
test method at this time.
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