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Abstract

Background: The maximum recommended level of microbial contamination of water from
dental unit waterlines (DUWL) is 200 colony-forming units per milliliter (CFU/mL). This article
addresses the importance of water selection in achieving that standard.

Methods: Microbial contamination in water samples from 75 new dental units, with a closed-
circuit water system, were compared using combinations of tap water and sterile distilled
water with and without two chemical disinfectants (bleach and 0.12% chlorhexidine gluconate,
Bio2000) over a six-week period. Baseline tap water samples were collected and tested
initially.

Results: The microbial plate counts of seven tap water specimens (controls) ranged from
4 to 95 CFU/mL. These results were well below both the 500 CFU/mL standard for public
drinking water and the 200 CFU/mL goal for dental treatment water. However, when passed
through dental units, no significant bacterial reduction was achieved for samples of tap water
(Group 1), tap water treated with bleach (Group 2), or tap water treated with Bio2000 (Group
4). Only water samples from dental units using Bio2000 alone (Group 3) or a combination of
sterile, distilled water with Bio2000 (Group 5) met or exceeded the 200 CFU/mL standard.
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but more costly.
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Conclusions: Using tap water alone or tap water with bleach did not improve water quality.
However, the American Dental Association (ADA) standard for reduced microbial contamina-
tion of dental unit waterlines was met using Bio2000 and distilled water treated with Bio2000.

Clinical Significance: The ADA standard of 200 CFU/mL was achieved using a closed
water system and distilled water treated with Bio2000. Using 100% Bio2000 is also effective,
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Background

The presence of microbial contamination of the
water coming from dental units was first reported
by Blake in 1963." In the years since that dis-
covery, research has been ongoing to identify
potential bacterial human pathogens from dental
unit waterlines (DUWL).*® At the same time,
studies have assessed the efficacy of different
products and techniques to reduce, if not elimi-
nate, microbial levels in dental treatment water.>®

While no apparent widespread nosocomial
infections in dental patients have been directly at-
tributed to dental treatment water, concerns center
on the exposure of immunocompromised patients
or individuals who receive dental treatment while
undergoing immunosuppressive chemotherapy

to potentially harmful microorganisms.** Mills
reported two civil suits in which separate plaintiffs
claimed their medical conditions (bacterial
endocarditis and a brain abscess) resulted from
exposure to contaminated dental treatment water.’
In the case of bacterial endocarditis, the same
strain of gram-negative water bacteria (Morax-
ella) was isolated from both the patient and the
dental unit waterlines. The brain abscess case
was mentioned on the television program, “CBS
Morning News,” but no details were discussed.
Both cases were settled out of court and without
the benefit of scientific investigation, according to
Mills.’

Some of the opportunistic pathogens identified
in dental treatment water include Pseudomonas,
Moraxella, Klebsiella, or other primary environ-
mental organisms such as Legionella and Myco-
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Moraxella

bacterium.”* On a broader level, there is a gen-
eral desire among dental professionals to assure
patients the dental treatment water is monitored to
ensure it is as safe, or safer, than public drinking
water. Cleansing techniques (flushing) are help-
ful adjuncts, but such treatments alone are not
effective in achieving the 200 CFU/ml standard.’
Bacteria attach to surfaces aggregate in a hydrat-
ed polymeric matrix of their own synthesis to form
biofilms. The pattern of development involves ini-
tial attachment to a solid surface. This is followed
by the formation of microcolonies on the surface
and, finally, the differentation into exopolysaccha-
ride-encased microcolonies resulting in mature
biofilms. Plaque is a naturally constructed biofilm,
with approximately 60% to 70% of its volume
made up of bacterial cells, mostly gram-positive
cocci and filamentous forms. The microbial accu-
mulations in plaque subject the teeth and gingival
tissues to high concentrations of bacterial metabo-
lites that may result in dental disease. Planktonic
bacteria may be cleared by antibodies and phago-
cytes and are susceptible to antibiotics. Adherent
bacteria in biofilms are resistant to phagocytosis
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but phagocytic enzymes are released. These en-
zymes may damage tissue around the biofilm, and
planktonic bacteria are released from the biofilm.
This release may cause dissemination and acute
infection in neighboring tissues.

Flushing waterlines with water for 5, 10, 15,

and even 20 minutes cannot achieve consistent
reductions below the American Dental Associa-
tion (ADA) standard, even with the addition of

2.5 parts per million (ppm) of chlorine (bleach).™
In fact, a number of chemical agents have been
evaluated for use in disinfecting DUWLSs to
Include: sodium fluoride, Listerine® mouth rinse,
hydrogen peroxide (H,0,), household bleach (so-
dium hypochlorite), and chlorhexidine gluconate.”
'* Studies of dental unit waterline contamination
have been influenced by factors such as: (1)
water source selection for disinfection (tap water
versus distilled water), (2) the type of system (an
open system drawing tap water versus a closed
systems using bottled, distilled water), and (3)
whether or not antimicrobial agents, such as those
previously listed, were added to the water source.

In a 2000 cover story article published in the
Journal of the American Dental Association, Mills®
reviewed several options available to improve the
quality of dental treatment water by reducing the
number of colony-forming units. The author was
quick to point out “...a lack of consensus among
the experts about the best approaches to solving
the problem.”

A number of studies involving dental treatment
water quality have focused on two principal is-
sues: (1) reducing the microbial count of water
samples to or below the 200 colony forming units
per millileter (CFU/mL) standard recommended
by the ADA in 1996 and (2) identifying effective
mechanical techniques and chemical disinfectants
for treating dental unit waterlines.*®

Consensus or no consensus, clinicians, clinics,
and dental schools provide a wide variety of den-
tal services to a growing number of patients each
day. Moreover, they all share a common goal

to maintain or improve the quality of their dental
treatment water as part of their overall infection
control protocol. So they need definitive guidance
on the management of microbial contamination
and the maintenance of safe dental treatment
water. In this way, they can be assured both their
patients and staff members are appropriately pro-

tected from any potential microbial contamination
resulting from the use of untreated dental treatment
water.

In an effort to address these issues, a study was
undertaken to evaluate three critical issues: (1) the
type of water source to use (tap water vs. sterile
distilled water), (2) the impact of dental unit design
with the use of an open (municipal water) supply
vs. a closed (bottled) water source on waterline
contamination and treatment, and (3) the role and
effectiveness of antimicrobial flushes in dental unit
waterlines.

Materials and Methods

A total of 75 new dental units with a closed-circuit
water system (Adec, model Decade 1021) were
used in this study. Water samples were collected
from the air/water syringe and the high-speed
handpiece waterlines at baseline, four, and six
weeks. Before the start of the study, the water
bottle containers of each dental unit were sterilized.
The day samples were collected from the water-
lines, the lines were flushed for 30 seconds, and
approximately 50 milliliters (ml) of water were col-
lected in a sterile, plastic container. All the sam-
ples were collected at Noon. When the collection
was done, no handpiece or syringe tip was used,
because the authors did not want to introduce
another potential source of contamination and/or
variable. For all units, except Group 2, the water-
lines were filled with solution, left overnight, and
then flushed for 30 seconds in the morning prior
to patient treatment. Careful attention was paid to
avoid possible contamination of the water when the
samples were collected. The water samples were
immediately sent to the microbiology laboratory
after collection.
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Fifteen dental units were assigned to one of five
treatment groups in the following manner:

Group 1: Bottles were filled and used with tap
water only (untreated controls). No further treat-
ment was done to these units.

Group 2: Same treatment as Group 1 only that at
the end of every week, a 5.25% sodium hypochlo-
rite (bleach) dilution flush was used. [The dilu-
tion was prepared using 1 cup or 8 fluid ounces
of 5.25% sodium hypochlorite (bleach) diluted in

1 gallon of water or 128 fluid ounces or 0.31%
dilution. The total dilution was 0.31%]. One fluid
ounce of the dilution was placed in the bottle and
the handpiece and air/water syringe lines were
flushed for 5 seconds until the lines were filled
with the dilution. The solution was left in the lines
for 10 minutes and then flushed for 2 minutes with
tap water. The treatment was repeated every
week. The bleach solution was not left overnight,
because the manufacturer of the chairs (Adec)
does not recommend an overnight treatment.

Group 3: Bottles were filled and used with 100%
0.12% chlorhexidine gluconate (Bio2000). No fur-
ther treatment was done to these units. (Bio2000,
now marketed under the name of BioBLUE, is
manufactured by Micrylium Laboratories, Inc,
Phoenix, AZ).

Group 4: Bottles were filled with tap water. At
the end of the day, the tap water was discarded,
the bottles were filled with one fluid once of 0.12%
chlorhexidine gluconate, and the handpiece and
air/water syringe lines were flushed for 5 seconds
until the lines were filled with the solution. The
solution was left in the waterlines overnight. The
next day the units were flushed with tap water for
2 minutes.

Group 5: Bottles were filled with sterile distilled
water (Arrowhead Mountain Spring Water Com-
pany, Greenwich, CT). At the end of the day, the
distilled water was discarded and the bottles were
filled with one fluid ounce of 0.12% chlorhexidine
gluconate; the handpiece and air/water syringe
lines were flushed for 5 seconds until the lines
were filled with the solution. The solution was left
in the waterlines overnight. The next day the unit
waterlines were flushed with distilled water for 2
minutes. At Noon-time, water samples of approxi-
mately 50 milliliters (ml) in volume were collected

in sterile, plastic specimen containers from both
the air/water syringe and the handpiece water-
line. These samples were gathered at baseline

(0 time), two weeks, four weeks, and again at six
weeks. The microbial culturing protocol described
below was followed:

Microbial Culturing Protocol

Each water container was labeled, but coded so
the evaluators were blinded to its contents. The
labeled water samples were mixed by vortexing
for 30 seconds. Fifty microliters of liquid were
removed and added to 100 milliliters of sterile,
deionized water (Suspension 1). One hundred
microliters were removed from Suspension 1 and
added to a second 100 milliliters of sterile water
(Suspension 2). Each addition was mixed thor-
oughly. The 100-ml suspensions were filtered
through separate 47 mm membrane filters (Micro-
Funnel, Gelman Sciences, Ann Arbor, MI), and the
filters were removed aseptically to a sterile R2A
agar plate (R2A Agar, Difco, Becton Dickinson
Microbiology Systems, Sparks, MD). The plates
were incubated at room temperature for five days.
Bacterial colonies were counted and dilution fac-
tors applied (20 for Suspension 1 and 2000 for
Suspension 2) to obtain CFU/mL values.

The municipal water supply to Loma Linda Univer-
sity School of Dentistry, which is routinely sampled
by the City of Loma Linda, CA, was also evalu-
ated, because it was the source of the tap water.
Water testing was performed by an independent
laboratory under contract by the city of Loma
Linda. Water was collected at a standard location
in the dental school, analyzed, and the data were
obtained from them in an official report. A total of
seven samples were taken at one-week intervals,
and those specimens were sent to a commercial
laboratory licensed in the State of California for
water analysis.

Statistical Methods

A one-way analysis of variance (ANOVA) was
performed to evaluate the change in CFU/mL
over time for each of the five treatment groups
(P<0.05). When differences were found, a
Student-Newman-Kuels all pairwise multiple
comparison was used to identify those
differences.
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Table 1. Bacterial Counts from Samples of City Water Supply

Sumple Procemed  Coomy Foming Unie (CFU ot Toe

Sample ¥ 4 MNegalne
Sarmple #2 10 MNegative
Sample #3 30 MNegative
Sample #1 20 Megative
Sample #& 9% Megative
Sample #& . Megative
Sample & 43 Negative

"All counts wilhin acceplable nn?l of < 500 CFU/mL as per the standard for safe dnnking
water [Safe Dnnking Water Act of 1933). The samples were collected at the same location
in the School Dentistry over a seven-waek penod.

Table 2. Air/water syringe and high-speed handpiece waterline counts (CFU/mi)

Tap Water | 781 72 B413750 2842306 5861538 3352635 6447500 2806144

Tapwate/ 00 o 7078867 2434989 6012252 3433724 6910000 2771734

2 Bleach

3 Bo2000 [FEEN 00 DN NEN 149 s1@ 0 0
4 T"”""“’ 80 0 5530668 3644366 626000 3063535 6500360 3121696
s oy EEEEE] o = o -

Tap Water | 762 117 7177333 2474171 7511667 1631636 7430667 1713051
2 T'gh“;':h"’ 0 7197333 2124172 6184047 3207414 7111429 2258832
3  Bie2000 [FEON [O7 NG DNORN 1es08 72267 O 0
4 TIweU 00 0 B682867 2789663 6150657 3175696 6474667 3163032
: ”"'"‘" meelw|E » m o o

Al diﬂ'lrlm:“ wara statistically signficant or aqual at a lavel of P =0.001
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Figure 1: AirWater Syringe Waterline
Colony Forming Units
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Baseline Week 2 Week 4 Week 6

Figure 2: High Speed Hand-piece Dental
Unit Waterline Colony Forming Units
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Results

The results of the municipal water analysis for the
tap water are presented in Table 1. The microbi-
al count of the seven tap water specimens ranged
from 4 to 95 CFU/mL. These values were well
below the ADA waterline standard of 200 CFU/mL
and the 500 CFU/mL level deemed acceptable for
public drinking water.*"® These outcomes served
as baseline measures of the microbial level before
the water was run through a functioning dental
unit.

The study results for the comparison of outcomes
for Groups 1 to 5 are presented in Table 2 and
illustrated graphically in Figures 1 and 2. Note
that both figures illustrate there was no significant
reduction in the bacterial count using the proto-
cols of Group 1 (tap water alone - control group),
Groups 2 (tap water with weekly flush of 5.25%
sodium hypochlorite dilution), or Group 4 (0.12%
chlorhexidine gluconate, Bio2000, and tap water).
However, samples of chlorhexidine gluconate,
Bio2000, either used solely (Group 3) or in com-
bination with sterile distilled water (Group 5) did
produce a statistically significant reduction of the
colony forming units to or below the target level

of 200 CFU/mL. (Table 2) In fact, all counts for
Groups 3 and 5 were well below the ADA recom-
mended 200 CFU/mL standard, except for week 4
Bio2000, and this count returned to 0 at week 6.

Discussion

This study was conducted to determine whether
the type of water used to disinfect dental unit
waterlines (tap water versus distilled water) had
any significant impact on the efficacy of several
different disinfection protocols. Based on the
results of this study, it would appear that water
source selection may indeed play a critical role in
the entire process of disinfecting DUWLs.

Unto itself, the community tap water apparently
had relatively low mesophilic heterotrophic mi-
crobial levels initially with samples ranging from a
mere 4 CFU/mL to as many as 95 CFU/mL (see
Table 1). But even the introduction of chemical
disinfectants, such as 5.25% sodium hypochlorite
dilution in Group 2 or 0.12% chlorhexidine gluco-
nate in Group 4, could not prevent or eliminate
microbial proliferation in tap water used in dental
unit waterlines whether that disinfectant treatment
was weekly (Group 2) or daily (Group 4).

Yet, the 0.12% chlorhexidine gluconate product
used alone (Group 3) or combined with sterile
distilled water (Group 5) did achieve waterline
disinfection below the recommended 200 CFU/mL
standard when the DUWLs were treated daily with
each treatment protocol. Even when tap water
was combined with 0.12% chlorhexidine gluconate
(Group 4), the ADA standard could not be at-
tained. (Table 2) The principal difference in these
outcomes for the five test groups was in the type
of water used in the dental unit waterlines (tap
water versus sterile distilled water). It should be
noted the sterile distilled water used in this study
came from a commercial water company and was
not distilled on the premises. The commercial
water is steam distilled and similar to sterile water.
Distilled water made in some dental offices still
contains high bacterial counts.

Further support to the conclusion that water
source selection may play a pivotal role in this
process was evidenced by the outcome achieved
by Group 5 (sterile distilled water with 0.12%
chlorhexidine gluconate). All the Group 5 samples
readily attained waterline disinfection below the
200 CFU/ml standard when sterile distilled water
was mixed with 0.12% chlorhexidine gluconate

in a daily treatment protocol of the dental unit
waterlines.
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It is a matter of conjecture as to why the tap water
samples had such unsatisfactory results. In evalu-
ating these outcomes and after reviewing previ-
ously published reports, it was concluded the dark,
damp, and warm interior of dental unit waterlines
may serve an ideal incubator for bacterial prolif-
eration.17 Although tap water may introduce an
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initial contamination level of 4 to 95 CFU/mL over
the course of a day’s routine use, the number of
microorganisms can grow exponentially and read-
ily exceed the 200 CFU/mL standard. The results
of this study suggest that sterile, distilled water in
combination with 0.12% chlorhexidine gluconate
(Group 5) or 100% 0.12% chlorhexidine gluconate
(Group 3) may be more appropriate treatments

to achieve the ADA standard for dental treatment
water than a regime involving municipal water sup-
plies.

Conversely, pairing distilled water with that same
chemical disinfectant (0.12% chlorhexidine gluco-
nate) in the daily treatment protocol used in this
study did reduce microbial contamination to a level
well within the recommended ADA standard. Of
course, careful preparation and handling of this
distilled water-disinfectant mixture is essential to
prevent inadvertent contamination of the water
source and the reservoir water bottle. This inad-
vertent contamination can be seen in Table 2, on
week 4 of the study. The handpiece waterline in-
dicated there was microbial contamination of over
18,000 CFU/mI for one of the units, but the level
dropped to 0 at week 6. The source of the con-
tamination is not known, but we presumed it oc-
curred during water collection or the tube that goes
in the bottle reservoir might have been touched,
accidentally contaminating the sample.

The results from the first part of this investigation
demonstrated that water source selection plays

an important role in achieving and maintaining
consistent disinfection of the dental unit waterlines.
However, it was unclear if the outcome achieved
by using 0.12% chlorhexidine gluconate (Bio2000)
in Groups 3 and 5 was due to this specific product
or whether other chemical antimicrobial agents
could achieve a similar outcome. So a second in-
vestigation was undertaken to address this specific
question. Is the type of chemical disinfectant used
more critical than the water source selection (tap
water versus sterile distilled water)? A subsequent
study will report the results of testing the same
dental units using five commercially available
disinfectants mixed with distilled water in a closed
water system.

Conclusions

Based on the testing format and the materials
used in this study, the following conclusions were
drawn:

1. Tap water, even with apparent low levels of
contamination, should not be used as a water
source for dental unit waterlines.

2. Disinfection of dental unit waterlines can
be achieved leaving one ounce of 0.12%
chlorhexidine gluconate in the DUWLs over-
night, followed by a daily two-minute flush with
sterile distilled water each morning.

3. Dental units with a closed-water system did
not meet the ADA standard of 200 CFU/mL
when tap water was used alone or combined
with a 0.12% chlorhexidine gluconate flush.

4. Dental units with a closed-water system did
meet the ADA standard of 200 CFU/mL when
a mixture of sterile distilled water and 0.12%
chlorhexidine gluconate was allowed to remain
in the dental unit waterlines overnight, fol-
lowed by a two-minute morning flush with
sterile distilled water. It would appear that wa-
ter source selection (tap water versus sterile
distilled water) may be critical to achieving the
ADA standard of 200 CFU/mL or less.
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