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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.

The procedpres—+ his—deet Fretrehed i
described i ia neededfgr the
different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is|drawn to the possibility that some of the elements of this document may‘be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

For an explanation on the meaning of ISO specific terms and\expressions related to conformity
assessment)as well as information about ISO’s adherence to the WEFO principles in the Technical Barriers
to Trade (TBT) see the following URL: Foreword - Supplementdry information

The committee responsible for this documentis [SO/TC 106,Rentistry, Subcommittee SC 6, Dental equipment.

This first edjition of ISO 16954:2015 cancels and replaces the first edition of ISO/TS 11080:2009, of which
it constitutes a technical revision.
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Dentistry — Test methods for dental unit waterline
biofilm treatment

1 Scope

This International Standard provides type test methods for evaluating the effectiveness of treatment

metl
unit
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2 Normative references

The

indig
refer|
ISO 1
I1SO 3
1SO 7
1SO 7
ISO 1
ISO 1

IEC ¢
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ods intended to prevent or iniibit the formmation of biofiinrorto remove biof i prese
brocedural water delivery systems under laboratory conditions.

[nternational Standard does notapply to devices intended to deliver sterile procedural w4
ion. It also does not apply to lines, tubing, or hoses that deliver compressed aixwithin thg

International Standard does not establish specific upper limits for ‘bacterial co
scribe test methods to be used in clinical situations. It also does wot establish test
lating any deleterious side effects potentially caused by treatment‘methods.

Helivers non-sterile water to the oral cavity.

following documents, in whole or in part, are normatively referenced in this docunj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition of the referenced de€ument (including any amendments) appl

942, Dentistry — Vocabulary

696:1987, Water for analytical laboratory use — Specification and test methods
494-1, Dentistry — Dental ynits — Part 1: General requirements and test methods
494-2, Dentistry — Dental-units — Part 2: Water and air supply

0523, Water quality ~’Determination of pH

9458, Water quality — Sampling for microbiological analysis

0601-1, Mégdical electrical equipment — Part 1: General requirements for basic safety d
rmance

3

Terms and definitions

nt in dental

ter or sterile
dental unit.

ntamination
methods for

est methods provided in this International Standard can be used to test other dental equipment

ent and are
For undated
es.

ind essential

For the purposes of this document, the terms and definitions given in IEC 60601-1, ISO 1942, ISO 7494-1,
and ISO 7494-2 and the following apply.

3.1

biofilm
structured community of microorganisms inhabiting a self-developed extracellular biopolymeric matrix
attached to a surface
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3.2
dental unit

:2015(E)

combination of interconnected dental equipment and dental instruments constituting a functional
assembly for use in the provision of dental treatment

[SOURCE: IS

3.3
dental unit

0 1942:2009, 2.86]

procedural water delivery system

system of components of a dental unit which convey water from a supply source to one or more outlets
used for dental treatment

34
procedural
water suppl

EXAMPLE
water.

[SOURCE: I§

3.5
surrogate (
testapparat
design, cong
delivery sys
in contact w

3.6

test water
water havin,
specified baj

3.7

bacterial challenge suspension

consortium
inoculate te

3.8
inoculated

prepared aqueous suspensidgimused in testing, containing specified amounts of sterilized test wate

one or more

water
ed by the dental unit for use in the oral cavity

Handpiece procedural water, multifunctional syringe water, scaler proceduralwater, or rins

0 7494-2:2003, 3.1]

lental unit water system
us which accurately recreates the procedural water deliver§isystem of a dental unit, incly
truction, configuration, and operation of all water-bearing elements of the procedural y
tem, but not necessarily including other dental unit caimponents which do not directly
ith or control the flow of procedural water

o specified chemical and physical characteristics used for testing prior to the addition
cterial challenge suspension

of specified bacteria suspended in a nutrient growth medium or buffered solution us
5t water

test water

bacterial challenge suspension(s)

39
test appar

apparatus ysed(inl testing in which no treatment method is applied and no antimicrobial mater
present in thé-waterline components

tus forthe control group

e cup

1ding
vater
fome

fthe

ed to

r and

ial is

3.10

test apparatus for the test group
apparatus used in testing in which a treatment specified by the dental unit manufacturer is applied and
any antimicrobial materials specified by the manufacturer are present in the waterline components,
unless otherwise specified in the test requirements
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4 Treatment methods

Depending upon the specific technical approach of a treatment method and its intended benefits, the
performance objectives of a dental unit procedural water delivery system treatment method can include
one or both of the following:

— prevention or inhibition of biofilm formation on surfaces within the dental unit procedural water
delivery system;

— removal of biofilm from surfaces within the dental unit procedural water delivery system.

This International Standard specifies separate test methods for each of the ahove performance
obje¢tives. These requirements can be expanded upon, for example to include additional replicates
or tept scenarios. Additions to the test method shall follow the general principles of this Ihternational
Stanglard and be fully described in the test report.

5 Test water and bacterial challenge suspensions

5.1 | Test water

This|subclause specifies the preparation of test water prior to ineculation.
5.1.1 Reagents

5.1.1.1 Water, in accordance with ISO 3696:1987, grade 3.

5.1.1.2 Calcium chloride (CaCl3), or an equivatent molar quantity of a calcium chloride hydrate.
5.1.1.3 Magnesium chloride (MgCl3), or anequivalent molar quantity of a magnesium chlofide hydrate.
5.1.1.4 Sodium bicarbonate (NaHCO3).

5.1.1.5 Tryptic soy broth (TSB), 1/3-strength, 10,0 g tryptic soy medium per litre broth
5.1.1.6 Sodium hydroxide (NaOH), 1 mol/l.

5.1.1.7 Hydrochloric acid (HCI), 1 mol/l.

5.1.7 Preparation of hardness stock solution 1

Diss@lve<74,0 g of calcium chloride (5.1.1.2) and 31,7 g of magnesium chloride (5.1.1.3) in {1,00 1 water
(5.1.1.9pHardness stock solution 1 shall be sterilized by heat or filter-sterilized using a 0,2 prmh microfilter
and used within 24 h or stored at (5 #* 3) °C for up to 6 months.

5.1.3 Preparation of hardness stock solution 2

Dissolve 56,0 g of sodium bicarbonate (5.1.1.4) in 1,00 1 water (5.1.1.1). Hardness stock solution 2 shall be
filter-sterilized using 0,2 pm microfilter and used within 24 h or stored at (5 = 3) °C for up to 6 months.
Hardness stock solution 2 is not to be heat sterilized.

5.1.4 Preparation of test water prior to inoculation

For each litre of test water to be prepared, add 1,00 ml of 1/3-strength TSB (5.1.1.5) and 1,80 ml of
hardness stock solution 1 (5.1.2) to 1,00 1 water (5.1.1.1) and steam sterilize. After the sterilized solution
has cooled, for each litre of test water add 4,00 ml of hardness stock solution 2 which has been filter-

© IS0 2015 - All rights reserved 3
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sterilized using a 0,2 pm microfilter. Adjust the pH to 7,0 to 8,0, measured according to ISO 10523, by
adding sodium hydroxide (5.1.1.6) or hydrochloric acid (5.1.1.7). The test water shall be used within
24 h or stored at (5 £ 3) °C for up to one week.

NOTE1 Thehardnessofthe prepared test wateris approximately 1,8 mmol of calcium ions per litre (equivalent
to approximately 180 mg/1 as CaCO3). This corresponds to the upper limit of the generally accepted range for
hard water.[17]

NOTE 2  The test water has a concentration of approximately 10 mg TSB per litre, which yields a total organic
carbon (TOC) level of approximately 4 mg/1, although the exact TOC level might vary somewhat. This approximate
TOC level is consistent with the recommended upper limit of 4 mg/1 for TOC in chlorinated drinking water[1] and
is included in the test water to reduce the time for biofilm formation.

5.2 Bactgrial challenge

Bacterial chpllenge suspensions used to inoculate the test water shall be prepared with\the following
bacteria fromn the American Type Culture Collection (ATCC) or aninternational authorizedATCC distributor:

a) Pseudomonas aeruginosa (ATCC #700888);
b) Klebsiella pneumoniae (ATCC #13882).

Alternate stfains of P. aeruginosa and K. pneumoniae (i.e. different ATCC nlvmbers for the same bacterium
species) can be substituted if the specified strains are not available, provided that the isolation squrce
indicated by ATCC is water or a water system.

The bacterifim species shall be separately reconstituted in sterilized dilute TSB, having a concentrption
of 0,3 g TSB per litre. The reconstituted cultures shall be used@rithin eight transfer passages. Cultivation
of the bactefia for inoculating test water shall be perfornied one day before preparing the inocujated
test water i accordance with 5.3.

Compliance|with appropriate laboratory safety prattices is critical when working with these bacteria,
including the handling of waste that can be contaminated with these bacteria.

5.3 Inocylated test water

On days of fest apparatus operation. inoculated test water shall be prepared within two hours bgfore
the commencement of the daily flowsprogram specified in 6.2.2 by inoculating sterilized test water|(5.1)
with both of the reconstituted bacterial cultures (5.2), to achieve a concentration of 5 x 101 CFU/ml to
5 x 102 CFUJml of each of the bacteria and a total bacterial concentration of 102 CFU/ml to 103 CFU/ml
in the inoculated test water~TFhe temperature of the sterilized test water at the time of inoculation|shall
be (23 + 3) 9C.

To ensure adcurate concentrations of each bacterium species in the inoculated test water, it can be ujseful
to centrifuge and-re-suspend each of the reconstituted bacterial cultures in sterile phosphate buffer
and determj
results, the
be calculated. Alternatively, other methods for achieving the specified inoculation range can be used.

6 Testapparatus

The test apparatuses shall consist of a specified number of either dental units or surrogate dental unit
water systems which closely replicate the dental unit procedural water system.

In order to achieve reproducible results, all components of the test apparatuses which are in contact
with the procedural water shall be new each time the test procedure for biofilm prevention or inhibition
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(7.2) or the sequence of test procedures for biofilm prevention or inhibition (7.2) and for biofilm removal

(2.2)

NOTE

biofil

6.1

is performed.

m in the test apparatuses per the test procedure for biofilm prevention or inhibition (7.2).

Test apparatus design

6.1.1 General

As specified in 7.3.1, the test procedure for biofilm removal (Z.3) is performed after first developing

If the test apparatuses consist of dental units, the dental units shall represent the most challenging

mod
Leng]
that

If the
Systg
unit,

th of waterlines, number of branch waterlines and likelihood of stagnation are amenj
shall be considered in determining the most challenging model or configuration.

test apparatuses consist of surrogate dental unit water systems, the surrggate denta
ms must be able to simulate the basic clinical performance parametefrs)of a functic
including as described in 6.2. The surrogate dental unit water systems must represg

challenging model or configuration of the dental unit which the surrogate dental unit water

intern
Surr

pgate dental unit water systems shall accurately recreate the (procedural water deliy

including design, construction, configuration and operation, of the water-bearing elen

proc
conti
The

bdural water delivery system. Other components which{do not directly come in con
‘ol the flow of procedural water need notbe included, such as structural and decorative ¢
components of surrogate dental unit water systems.shall be subject to the same en

condjitions (i.e.light exposure and temperature) as components in the dental units which the

Any 4
requ
in th
Criti

q

=

=

=3

Dent|
use 9

lir gap system or other backflow prevention device required to comply with the backfloy
rements of ISO 7494-2 for isolating the procedural water from the incoming water shal
e test apparatuses.

cal elements to be recreated by the surrogate dental unit water systems includes the fg
onfiguration of waterlines (placement of components, arrangement of branch lines, de
ubing diameter(s);

ubing length(s);

ubing material(s);

her components which contact procedural water or regulate flow (control blocks, valves,

I
cation‘ofany water treatment devices (filters, automatic or passive treatment systen

nl dnits or surrogate dental unit water systems shall include at least one hose whid

2] or configuration (when more than one model or configuration is available from the manufacturer).

v the factors

| unit water
ning dental
nt the most
systems are

ded to represent (when more than one model or configuration is.avdilable from the manufacturer).

rery system,
ents of the
tact with or
omponents.
yironmental
v represent.

vV prevention
be included
llowing:

hd legs, etc.);

ittings, etc.);

s).

h in normal

upplies procedural water to a handpiece and one hose which in normal use supplies

procedural

water to a multifunctional (air/water) syringe. Hoses which normally supply procedural water to other
instruments that are attached to the dental unit can be included in the dental units or surrogate dental
unit water systems. Dental handpieces or other instruments or attachments that are normally removed
from the dental unit and sterilized between patients shall be disconnected from the hose and not used
in this test if practical.

EXAMPLE At point C according to ISO 14457:2012, Figure A.1.

Cuspidor bowl rinse waterlines shall be disconnected from dental units or excluded from surrogate
dental unit water systems. Cuspidor cupfill waterlines can be included in dental units or surrogate
dental unit water systems.

NOTE Cuspidor waterlines are permitted to be excluded based on the assumption that other waterlines will
tend to be more challenging test environments for the removal, prevention, and inhibition of biofilm.
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6.1.2 Considerations specific to antimicrobial materials and materials which prevent
microbial adhesion

Ifthe dental units or surrogate dental unit water systems to be tested include any antimicrobial materials
or materials which prevent microbial adhesion in contact with the procedural water, the following

modifications to the test apparatuses shall be implemented.

Test apparatuses for evaluating biofilm prevention or inhibition:

— Test apparatuses for the control group: Any antimicrobial materials or materials which prevent
microbial adhesion in the dental unlts or surrogate dental un1t water systems in the control

asion

: The dental units or surrogate dental unit water systems in the

test group shall include (if apphcable) the antimicrobial material(s) or material(s) which pre¢vent

microbial adhesion.

Test apparafuses for evaluating biofilm removal:

— Test apparatuses for the test group: Any antimicrobial materials or ‘materials which pre¢vent

microbipl adhesion in the dental units or surrogate dental unit water systems in the test group

shall

be repldced with materials that do not contain the antimicrobial dgent(s) or adhesion preveptive
effect, but otherwise closely represent the antimicrobial materiak)Fhis is essential to evaluatinjg the

ability af the test treatment method to remove biofilm.
6.2 Test apparatus operation

6.2.1 Floy rates

The flow rate of the handpiece procedural water shall be adjusted to (30 = 3) ml/min.

The water flow rate of the multifunctional (air/water) syringe(s) shall be adjusted to (60 * 6) ml/min.

If the test apparatuses include other instruments or devices supplied with procedural water, the

flow

rate(s) of thpse instruments or devices-shall be adjusted according to manufacturer recommendatjons.

All flow ratps shall be set prior,to the start of the test. Flow rates shall be checked and adjust
necessary af least once per weekthroughout the test period.

6.2.2 Floy patterns (on-off cycles)

The test apparatus waterlines shall be operated five consecutive days per week and set idle wif
operation for two consecutive days per week. On days of waterline operation, inoculated test water
be freshly prepared according to 5.3 and supplied to the test apparatuses. The water flow pattern

ed if

h no
shall
shall

be controlledtby an automated daily flow program consisting of 30 cycles, which periodically opgrate

the test apparatus waterlines according to the following schedule.

— The handpiece procedural water shall be operated for 30 sec per cycle. If more than one handpiece

supplying procedural water is present, only one headpiece procedural waterline shall be operated
during each cycle. The selected headpiece procedural waterline shall change sequentially with
each cycle, assuring that each headpiece procedural waterline is operated approximately equally
throughout the daily flow program.

The syringe water shall be operated for 30 sec per cycle. If more than one syringe is present, only one
syringe shall be operated during each cycle. The selected syringe shall change sequentially with each
cycle, assuring that each syringe is operated approximately equally throughout the daily flow program.

— There shall be a period of 9 min per cycle without any water flow.
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https://standardsiso.com/api/?name=353f880f5d8ba12cd3d38f31117c3226

ISO 16954:2015(E)

If instruments other than handpieces and syringes are included in the test apparatuses, their operation
shall be incorporated into the daily flow program in a manner consistent with their intended clinical use.

6.2.3 Test environment temperature and preconditioning period

The temperature of the test environment shall be maintained at (23 £ 3) °C. All apparatuses shall be
conditioned in this temperature range for at least 24 h before starting the test.

7 Test procedures

7.1 | Testing sequence

Testing shall be performed in the following sequence:

a) Testing to evaluate biofilm prevention or inhibition according to 7.2;
b) Testing to evaluate biofilm removal according to 7.3.

NOTH This sequence reduces the quantity of test apparatuses and procedural’steps by enabling thecontrol group
appatatuses having an established biofilm upon completion of 7.2 to be used as.the test group apparatuses in 7.3.

7.2 | Biofilm prevention or inhibition

7.2.1 General

Figure 1 depicts the test procedure for evaluating tfeatment methods that are intended tp prevent or
inhihit dental waterline biofilm formation.

Test group:
Pretreatment of the testf | Concurrent exposure to Microbiological Analysis df results
apparatuses inoculatéd,test water sampling and testing
per manufacturer and the treatment
instructions method for biofilm
prevention or inhibition
(7.2.2) (7.2.3) (7.2.4) (7.26)
Control group:
Prgtreatment-of the test Exposure to inoculated Microbiological Analysis df results
apparatuses test water sampling and testing
pérmanufacturer
—> —>
Instructions
(7.2.2) (7.2.3) (7.2.4) (7.2.6)

Figure 1 — Flow diagram for test method for evaluating biofilm prevention or inhibition

Since there is inherent variation in biofilm formation, testing shall be replicated on separate dental units
or surrogate dental unit water systems. For the biofilm prevention and inhibition test method, at least
two dental units or surrogate dental unit water systems shall be included in the test group and at least
two dental units or surrogate dental unit water systems shall be included in the control group.
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7.2.2 Pretreatment of the test apparatuses

All test apparatuses shall be pretreated according to the instructions of the manufacturer of the dental
unit prior to testing if specified.

EXAMPLE

If the instructions of the manufacturer indicate that a specified disinfection procedure

is to

be performed after the dental unit is installed and prior to use, the specified disinfection procedure shall be
performed prior to performing this test method.

7.2.3 Con
prevention

current exposure to inoculated test water and the treatment method for biofilm
or inhibition

For the test
surrogate d
instructiong
surrogate dg
unit water {
within two

of the inocu
before supp

7.2.4 Mic

To determir
dental unitg
be performd
8.1 shall be
throughout
apparatuseg
test water §
water shall
testing. San

group, inoculated test water as specified in 5.3 shall be supplied to the dental unilts or

bntal unit water systems in conjunction with the treatment method per the manufacty
. For the control group, inoculated test water shall be supplied to the dental uni
ental unit water systems without the treatment method. All dental units or strrogate d
ystems are to be operated according to 6.2. Inoculated test water shall-be)prepared

hours of initiating the automated daily flow program. Microbiological sampling and te
ated test water supplied to the test apparatuses shall be performed(in)accordance wit]
ying to the test apparatuses at least once per week.

robiological sampling and testing

e the effectiveness of the treatment method, microbiolégical sampling and testing
or surrogate dental unit water systems in both thecteést group and the control group
d in accordance with 8.1 and 8.2. Sampling and testing for total viable counts accordi
ronducted on all dental units or surrogate dental'unit water systems at least once per
fhe duration of the test. Sterilized test water (without inoculum) shall be supplied to th

rer’s
ks or
ental
daily
sting
h 8.1

pf all
shall
ng to
veek
e test

when samples for microbiological testing:are collected. A sufficient quantity of steriflized

hall be allowed to flow to purge all waterlines of the test apparatuses. The sterilized
then be allowed to set in the waterlines for 5 min prior to sampling for microbiolo
pling waterline tubing and characterizing for biofilm formation according to 8.2 shg

conducted dn all dental units or surrogate déntal unit water systems at least once at the end of the

7.2.5 Tes|
Testing accg

atleast

a total ¥
apparat
apparat

[ duration
rding to 7.2.3 and 7.2:4 shall continue until all of the following criteria have been met:
four weeks of testing have occurred;

riable count@fat least 104 CFU/ml is measured in the effluent procedural water of al
uses for the~control group when sterilized test water is temporarily supplied to the
uses instead of inoculated test water, flushing sterilized test water through the watey

and waditingt5>mins before collecting the sample and then resuming normal operation

inocula

ed test water;

test
gical
1l be
test.

| test
test
lines
with

the presence of biofilm is confirmed in all dental units or surrogate dental unit water systems in

the control group according to 8.2 with all of the tubing samples in the control group classified
as exhibiting either semiconfluent coverage or substantial, confluent coverage by microorganisms
and/or biofilm.

After all of the above criteria have been met, the test procedure for evaluating biofilm removal according
to 7.3 shall be performed as soon as practical. The daily procedure for exposure of the control group to
inoculated testwater specified in this subclause shall be continued until testing according to 7.3 is performed.
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7.2.6 Analysis of results

The effectiveness of the treatment method to prevent or inhibit biofilm shall be characterized by
reporting the following:

— log-transformed total viable counts in the effluent procedural water according to 8.1 (mean,
standard deviation and number of replicates) in the test group and the control group at weekly
intervals over the duration of the test;

— difference between the mean log-transformed total viable counts of the test group and the control
group for each type of waterline outlet over the duration of the test;

gtatistical analysis of log-transformed total viable count results comparing the test.group to the
¢ontrol group using the two-tailed t-test and a significance criterion of P < 0,05 perfqrmed at the
¢nd of the test period;

— ¢omparison of biofilm coverage for each type of waterline sampled in theytest group{and control
group according to 8.2 performed at the end of the test period.

7.3 | Biofilm removal

7.3.1 General

Figure 2 depicts the flow diagram for the test procedure for evaluating treatment methods that are
interlded to remove dental waterline biofilms.

Test group:
Initial microbiological Application of the Final microbiological Analysis of pesults
sampling and testing biofilm removal sampling and testing
treatment mettod
] using ineculated test ] ]
water
(7.3.2) (7.3.3) (7.3.4) (7.35

Figuré 2 — Flow diagram for test method for evaluating biofilm removal

For the biofilmremoval test method, atleast two dental units or surrogate dental unit water sfystems shall
be included-in the test group and no dental units or surrogate dental unit water systems gre required
in a §eparate control group. The test group apparatuses shall consist of the control group ppparatuses

usedln Q’ which are cpprifipr‘] tocontain an established biofilm upon anp]nﬁnn of72

NOTE No separate control group is required for the biofilm removal test method since the biofilm formation
period prior to application of the treatment method serves the purpose of demonstrating that biofilm is capable
of forming when no treatment method is applied.

7.3.2 Initial microbiological sampling and testing

Microbiological sampling and testing of all dental units or surrogate dental unit water systems shall be
performed in accordance with 8.1 immediately prior to application of the biofilm removal treatment
method. Sterilized test water (without inoculum) shall be supplied to the test apparatuses when samples
for microbiological testing are collected. A sufficient quantity of sterilized test water shall be allowed to
flow to purge all waterlines of the test apparatuses. The sterilized test water shall then be allowed to set
in the waterlines for 5 min prior to sampling for microbiological testing.
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Segments of waterline tubing from all dental units or surrogate dental unit water systems shall be
sampled and characterized for biofilm in accordance with 8.2 immediately prior to application of the
biofilm removal treatment method.

7.3.3 Application of the biofilm removal treatment method

The treatment method for removal of the established biofilm shall be administered in accordance with
the instructions provided by the manufacturer of the dental unit or waterline treatment product.

If water is required for preparing or administering the treatment method, inoculated test water

shall be use

d.

7.3.4 Fing

To determir
dental units
after applic
shall be sup
8.1. A suffic
test apparat
to sampling

Segments o
sampled an
treatment n

1l microbiological sampling and testing

e the effectiveness of the treatment method, microbiological sampling and\esting

or surrogate dental unit water systems shall be performed in accordance-with 8.1 an|
htion of the biofilm removal treatment method. Sterilized test water (without inocy
blied to the test apparatuses when samples are collected for total viaple counts accordi
ent quantity of sterilized test water shall be allowed to flow to purge all waterlines d
uses. The sterilized test water shall then be allowed to set in the waterlines for 5 min

for microbiological testing.

[ waterline tubing from all dental units or surrogate dental unit water systems shd

jethod.

Consideratipn shall be given to specify the most appropriate time to sample per 8.1 and 8.2

administeri
manufactur

7.3.5 Ana

The effectiy
the followir

log-trari
standarn
treatms

reducti
differen

hg the treatment. If flushing with proceduraliwater or other solution is specified b
er, this shall be performed before sampling-atid testing.

lysis of results

reness of the treatment method to remove biofilm shall be characterized by repo
g:

sformed total viable counts in the effluent procedural water according to 8.1 (n
nt method;

n in log-transfermed total viable counts in the effluent procedural water (i.e. numg

value after administering the treatment method);

statistid
before 4

al analysis of log-transformed total viable count results comparing the total viable cd
nd‘after application of the treatment method using the two-tailed t-test and a signifig

criterio

pf all
d 8.2
lum)

Ing to

f the
prior

11 be

I characterized for biofilm in accordance with 8.2 aftex application of the biofilm removal

after
y the

rting

hean,

d deviation, and number-of replicates) prior to and after administering the biofilm renpoval

rical

ce between<the’mean value prior to administering the treatment method and the fean

unts
ance

h of P < 0,05;

biofilm removal treatment method according to 8.2.

10

comparison of biofilm coverage for each waterline sampled prior to and after administering the
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8 Microbiological sampling and testing
8.1 Enumeration of bacteria levels in procedural water
8.1.1 Sampling

8.1.1.1 General

Sampling shall follow the guidance provided in [SO 19458. Enumeration shall begin within 24 h of sampling.
Samples shall be stored at (4 + 2) °C if enumeration cannot begin within 30 min of the sampling time.

All t g
antiy
memlbrane filtering the test sample with a 0,2 pm rated membrane filter followed by rinsing
phosphate buffer saline. If a neutralizing agent is used, its effectiveness and-.gcompatibil
bactg¢ria shall be confirmed with a neutralization study. Control group samplésand test gr

shalllbe treated identically.

pst samples shall be immediately treated at the time of collection to inactivaté-gny residual
hicrobial agents, if applicable. Possible methods include administering a neufralizing agent or
with sterile
ty with the
bup samples

8.1.1.2 Sampling water supplied to test apparatuses

At specified sample times, one sample of at least 50 ml of the inegulated test water supplied to the test

apparatuses shall be collected and analysed.

8.1.1.3 Sampling water output from test apparatuses

At specified sample times, one composite sample of procedural water shall be aseptically co
the various water outlets on each of the specified-dental units or surrogate dental unit wa
with|approximately equal volumes collected from each water outlet, such that the total v
composite sample is between 50 ml and 100 ml for each dental unit or surrogate denta
systdm. Alternatively, separate samples friom each water outlet on each of the specified de

surrpgate dental unit water systems can'be collected and separately analysed.

Iltlected from
er systems,
lume of the
[ unit water
ntal units or

8.1.2 Total viable count test procedure

Tota
from
prep
ina

time
sevel
as Cl

viable counts shall be determined by the spread plate culture method.[12] Ten-fold ser
100 (i.e. undiluted)(to 10-3 (in sterilized phosphate buffer saline) of each test sam
hred in triplicate..Féwer dilutions can be prepared in triplicate if the results are exp
certain range. 1,00ml or 0,10 ml of each dilution shall be spread on R2A agar allowi
for the sample'to absorb into the agar before inverting and incubating aerobically at (2
1 days. Aftépincubation, the colonies shall be enumerated and total viable counts shall
‘U/ml. The' mean and standard deviation of the log-transformed total viable counts

ial dilutions
ple shall be
ected to fall
hg adequate
3 +3)°Cfor
be recorded
(i.e. base-10

logatfithmyefitotal viable counts) shall be reported for each set of samples.

rocedure
Foceagure

T

8.1.3—Alternative totalviable count test
Planktonic bacteria levels can alternatively be enumerated by membrane filtration technique.[12] This
method is appropriate, for example, if no practical method for inactivating residual antimicrobial agents
in the samples is known or available. Three sets of 10-fold serial dilutions from 100 (i.e. undiluted) to
at least 10-4 (in sterilized phosphate buffer saline) shall be prepared and 10 ml of each dilution shall
be tested. Fewer dilutions can be prepared in triplicate if the results are expected to fall in a certain
range. After membrane filtration of the sample or diluted sample, the membrane shall be rinsed twice by
filtering 10 ml aliquots of sterilized phosphate buffer saline if antimicrobial agents can be present in any
of the samples. The membranes shall be transferred to R2A agar, ensuring no air bubbles are trapped
between the membrane and medium, and incubated aerobically at (23 * 3) °C for seven days. After
incubation the colonies shall be enumerated and recorded as CFU/ml. The mean and standard deviation
of the log-transformed total viable counts shall be reported for each set of samples.
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8.2 Biofilm on waterline surfaces

8.2.1 Sampling

Atspecified sample times, a segment of waterline tubing of atleast 1 cm shall be sampled from near the outlet
end of each waterline by cutting the tubing in an aseptic manner. The remaining lengths of tubing left on
the test apparatus shall be reconnected using sterilized fittings to enable the test to resume, if appropriate.

The tubing sample shall be split longitudinally into approximately equal halves after fixation and before
dehydration (see 8.2.2). To reduce the possibility of dislodging any biofilm from the tubing surface while

splitting the samples longitudinally, the direction of cutting shall be parallel to the tubing axis.

8.2.2 Biol

Scanning el
surface of b
drying, mou

[ilm assessment test procedure

ectron microscopy (SEM) shall be used to examine for biofilm coverage ohxthe luy
bth halves of each tubing sample. Samples shall be prepared for SEM by fixing, dehydrg
nting, and sputter-coating with a conductive material in a manner suitablefor SEM ana

of biofilm on tubing surfaces.

EXAMPLE

Fixation
for a per

concenti

Mountin|

Sputter-

The SEMins

The following represent one possible approach for the SEM preparation-steps:

of tubing samples in 2 % glutaraldehyde in 0,1 mol/l sodium cacodylate buffer at room temper
od of 30 min to 4 h, followed by three rinses with sodium cacodylate buffer without glutaralde

Dehydration of tubing samples in a series of aqueous ethyl alcohel solutions of increasing ethyl al

ation, including 30 %, 50 %, 70 %, 90 %, 95 %, and 100 %, for 10 min each;

Critical point drying of tubing samples;

g of tubing samples to SEM stubs using double-sided conductive tape;
oating of tubing samples with gold-palladitim.

frument and choice of operating parameters shall be capable of producing images thatre

the specifie

Alternative
dehydration

Scan the tul
sample, selg
for the sam
representat

For each tul
categories:

|

bacteria used to inoculate the test water if present on the surface of the tubing sample

environmental scanningselectron microscopy (ESEM) can be used without fixd
, drying, or sputter coatingprior to analysis.

ct at least threeJocations which exhibit representative biofilm coverage (or lack the
ple and examine“at a magnification between 1 000X and 5 000X. Capture and rq
ve photomieregraphs at each of the selected locations.

ing sample the biofilm coverage shall be qualitatively assessed according to the follo

no micr

ninal
ting,
lysis

ature
hyde;

icohol

solve
S.

tion,

bing samples initially dt a magnification of less than 1 000X. For each half of each tuybing

reof)
cord

wing

porganisms and no biofilm;

coverag

e over the entire surface of the tubing specimen);

50% coverage over the entire surface of the tubing specimen);

approxi

mately 50% coverage over the entire surface of the tubing specimen).

isolated occurrence of microorganisms and/or biofilm (i.e. typically less than approximately 10%

semiconfluent coverage by microorganisms and/or biofilm (i.e. typically less than approximately

substantial, confluent coverage by microorganisms and/or biofilm (i.e. typically greater than

A representative image of the most heavily covered region of each tubing sample shall be included in
the test report.

12
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