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Dental Unit Waterlines, Biofilm, and Water Quality
Studies have demonstrated that dental unit waterlines (i.e., narrow-bore plastic tubing that carries
water to the high-speed handpiece, air/water syringe, and ultrasonic scaler) can become
colonized with microorganisms, including bacteria, fungi, and protozoa (303--309). Protected by
a polysaccharide slime layer known as a glycocalyx, these microorganisms colonize and replicate
on the interior surfaces of the waterline tubing and form a biofilm, which serves as a reservoir
that can amplify the number of free-floating (i.e., planktonic) microorganisms in water used for
dental treatment. Although oral flora (303,310,311) and human pathogens (e.g., Pseudomonas
aeruginosa [303,305,312,313], Legionella species [303,306,313], and nontuberculous
Mycobacterium species [303,304]), have been isolated from dental water systems, the majority
of organisms recovered from dental waterlines are common heterotrophic water bacteria
(305,314,315). These exhibit limited pathogenic potential for immunocompetent persons.
Clinical Implications
Certain reports associate waterborne infections with dental water systems, and scientific
evidence verifies the potential for transmission of waterborne infections and disease in hospital
settings and in the community (306,312,316). Infection or colonization caused by Pseudomonas
species or nontuberculous mycobacteria can occur among susceptible patients through direct
contact with water (317--320) or after exposure to residual waterborne contamination of
inadequately reprocessed medical instruments (321--323). Nontuberculous mycobacteria can
also be transmitted to patients from tap water aerosols (324). Health-care--associated
transmission of pathogenic agents (e.g., Legionella species) occurs primarily through inhalation
of infectious aerosols generated from potable water sources or through use of tap water in
respiratory therapy equipment (325--327). Disease outbreaks in the community have also been
reported from diverse environmental aerosol-producing sources, including whirlpool spas (328),
swimming pools (329), and a grocery store mist machine (330). Although the majority of these
outbreaks are associated with species of Legionella and Pseudomonas (329), the fungus
Cladosporium (331) has also been implicated.
Researchers have not demonstrated a measurable risk of adverse health effects among DHCP or
patients from exposure to dental water. Certain studies determined DHCP had altered nasal flora
(332) or substantially greater titers of Legionella antibodies in comparisons with control
populations; however, no cases of legionellosis were identified among exposed DHCP (333,334).
Contaminated dental water might have been the source for localized Pseudomonas aeruginosa
infections in two immunocompromised patients (312). Although transient carriage of P.
aeruginosa was observed in 78 healthy patients treated with contaminated dental treatment
water, no illness was reported among the group. In this same study, a retrospective review of
dental records also failed to identify infections (312).
Concentrations of bacterial endotoxin <1,000 endotoxin units/mL from gram-negative water

bacteria have been detected in water from colonized dental units (335). No standards exist for an
acceptable level of endotoxin in drinking water, but the maximum level permissible in United
States Pharmacopeia (USP) sterile water for irrigation is only 0.25 endotoxin units/mL (336).
Although the consequences of acute and chronic exposure to aerosolized endotoxin in dental
health-care settings have not been investigated, endotoxin has been associated with exacerbation
of asthma and onset of hypersensitivity pneumonitis in other occupational settings (329,337).
Dental Unit Water Quality
Research has demonstrated that microbial counts can reach <200,000 colony-forming units
(CFU)/mL within 5 days after installation of new dental unit waterlines (305), and levels of
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microbial contamination <10 CFU/mL of dental unit water have been documented (309,338).
These counts can occur because dental unit waterline factors (e.g., system design, flow rates, and
materials) promote both bacterial growth and development of biofilm.
Although no epidemiologic evidence indicates a public health problem, the presence of
substantial numbers of pathogens in dental unit waterlines generates concern. Exposing patients
or DHCP to water of uncertain microbiological quality, despite the lack of documented adverse
health effects, is inconsistent with accepted infection-control principles. Thus in 1995, ADA
addressed the dental water concern by asking manufacturers to provide equipment with the
ability to deliver treatment water with <200 CFU/mL of unfiltered output from waterlines (339).
This threshold was based on the quality assurance standard established for dialysate fluid, to
ensure that fluid delivery systems in hemodialysis units have not been colonized by indigenous
waterborne organisms (340).
Standards also exist for safe drinking water quality as established by EPA, the American Public
Health Association (APHA), and the American Water Works Association (AWWA); they have set
limits for heterotrophic bacteria of <500 CFU/mL of drinking water (341,342). Thus, the number
of bacteria in water used as a coolant/irrigant for nonsurgical dental procedures should be as low
as reasonably achievable and, at a minimum, <500 CFU/mL, the regulatory standard for safe
drinking water established by EPA and APHA/AWWA.
Strategies To Improve Dental Unit Water Quality
In 1993, CDC recommended that dental waterlines be flushed at the beginning of the clinic day
to reduce the microbial load (2). However, studies have demonstrated this practice does not
affect biofilm in the waterlines or reliably improve the quality of water used during dental
treatment (315,338,343). Because the recommended value of <500 CFU/mL cannot be achieved
by using this method, other strategies should be employed. Dental unit water that remains
untreated or unfiltered is unlikely to meet drinking water standards (303--309). Commercial
devices and procedures designed to improve the quality of water used in dental treatment are
available (316); methods demonstrated to be effective include self-contained water systems
combined with chemical treatment, in-line microfilters, and combinations of these treatments.
Simply using source water containing <500 CFU/mL of bacteria (e.g., tap, distilled, or sterile
water) in a self-contained water system will not eliminate bacterial contamination in treatment
water if biofilms in the water system are not controlled. Removal or inactivation of dental

waterline biofilms requires use of chemical germicides.
Patient material (e.g., oral microorganisms, blood, and saliva) can enter the dental water system
during patient treatment (311,344). Dental devices that are connected to the dental water system
and that enter the patient's mouth (e.g., handpieces, ultrasonic scalers, or air/water syringes)
should be operated to discharge water and air for a minimum of 20--30 seconds after each patient
(2). This procedure is intended to physically flush out patient material that might have entered
the turbine, air, or waterlines. The majority of recently manufactured dental units are engineered
to prevent retraction of oral fluids, but some older dental units are equipped with antiretraction
valves that require periodic maintenance. Users should consult the owner's manual or contact the
manufacturer to determine whether testing or maintenance of antiretraction valves or other
devices is required. Even with antiretraction valves, flushing devices for a minimum of 20--30
seconds after each patient is recommended.
Maintenance and Monitoring of Dental Unit Water
DHCP should be trained regarding water quality, biofilm formation, water treatment methods,
and appropriate maintenance protocols for water delivery systems. Water treatment and
monitoring products require strict adherence to maintenance protocols, and noncompliance with
treatment regimens has been associated with persistence of microbial contamination in treated
systems (345). Clinical monitoring of water quality can ensure that procedures are correctly
performed and that devices are working in accordance with the manufacturer's previously
validated protocol.
Dentists should consult with the manufacturer of their dental unit or water delivery system to
determine the best method for maintaining acceptable water quality (i.e., <500 CFU/mL) and the
recommended frequency of monitoring. Monitoring of dental water quality can be performed by
using commercial self-contained test kits or commercial water-testing laboratories. Because
methods used to treat dental water systems target the entire biofilm, no rationale exists for
routine testing for such specific organisms as Legionella or Pseudomonas, except when
investigating a suspected waterborne disease outbreak (244).
Delivery of Sterile Surgical Irrigation
Sterile solutions (e.g., sterile saline or sterile water) should be used as a coolant/irrigation in the
performance of oral surgical procedures where a greater opportunity exists for entry of
microorganisms, exogenous and endogenous, into the vascular system and other normally sterile
areas that support the oral cavity (e.g., bone or subcutaneous tissue) and increased potential
exists for localized or systemic infection (see Oral Surgical Procedures). Conventional dental
units cannot reliably deliver sterile water even when equipped with independent water reservoirs
because the water-bearing pathway cannot be reliably sterilized. Delivery devices (e.g., bulb
syringe or sterile, single-use disposable products) should be used to deliver sterile water (2,121).
Oral surgery and implant handpieces, as well as ultrasonic scalers, are commercially available
that bypass the dental unit to deliver sterile water or other solutions by using single-use
disposable or sterilizable tubing (316).
Boil-Water Advisories

A boil-water advisory is a public health announcement that the public should boil tap water
before drinking it. When issued, the public should assume the water is unsafe to drink.
Advisories can be issued after 1) failure of or substantial interruption in water treatment
processes that result in increased turbidity levels or particle counts and mechanical or equipment
failure; 2) positive test results for pathogens (e.g., Cryptosporidium, Giardia, or Shigella) in
water; 3) violations of the total coliform rule or the turbidity standard of the surface water
treatment rule; 4) circumstances that compromise the distribution system (e.g., watermain break)
coupled with an indication of a health hazard; or 5) a natural disaster (e.g., flood, hurricane, or
earthquake) (346). In recent years, increased numbers of boil-water advisories have resulted from
contamination of public drinking water systems with waterborne pathogens. Most notable was
the outbreak of cryptosporidiosis in Milwaukee, Wisconsin, where the municipal water system
was contaminated with the protozoan parasite Cryptosporidium parvum. An estimated 403,000
persons became ill (347,348).
During a boil-water advisory, water should not be delivered to patients through the dental unit,
ultrasonic scaler, or other dental equipment that uses the public water system. This restriction
does not apply if the water source is isolated from the municipal water system (e.g., a separate
water reservoir or other water treatment device cleared for marketing by FDA). Patients should
rinse with bottled or distilled water until the boil-water advisory has been cancelled. During
these advisory periods, tap water should not be used to dilute germicides or for hand hygiene
unless the water has been brought to a rolling boil for >1 minute and cooled before use
(346,349--351). For hand hygiene, antimicrobial products that do not require water (e.g., alcoholbased hand rubs) can be used until the boil-water notice is cancelled. If hands are visibly
contaminated, bottled water and soap should be used for handwashing; if bottled water is not
immediately available, an antiseptic towelette should be used (13,122).
When the advisory is cancelled, the local water utility should provide guidance for flushing of
waterlines to reduce residual microbial contamination. All incoming waterlines from the public
water system inside the dental office (e.g., faucets, waterlines, and dental equipment) should be
flushed. No consensus exists regarding the optimal duration for flushing procedures after
cancellation of the advisory; recommendations range from 1 to 5 minutes (244,346,351,352).
The length of time needed can vary with the type and length of the plumbing system leading to
the office. After the incoming public water system lines are flushed, dental unit waterlines should
be disinfected according to the manufacturer's instructions (346).

Special Considerations
Dental Handpieces and Other Devices Attached to Air and Waterlines
Multiple semicritical dental devices that touch mucous membranes are attached to the air or
waterlines of the dental unit. Among these devices are high- and low-speed handpieces,

prophylaxis angles, ultrasonic and sonic scaling tips, air abrasion devices, and air and water
syringe tips. Although no epidemiologic evidence implicates these instruments in disease
transmission (353), studies of high-speed handpieces using dye expulsion have confirmed the
potential for retracting oral fluids into internal compartments of the device (354--358). This
determination indicates that retained patient material can be expelled intraorally during
subsequent uses. Studies using laboratory models also indicate the possibility for retention of
viral DNA and viable virus inside both high-speed handpieces and prophylaxis angles
(356,357,359). The potential for contamination of the internal surfaces of other devices (e.g.,
low-speed handpieces and ultrasonic scalers), has not been studied, but restricted physical access
limits their cleaning. Accordingly, any dental device connected to the dental air/water system that
enters the patient's mouth should be run to discharge water, air, or a combination for a minimum
of 20--30 seconds after each patient (2). This procedure is intended to help physically flush out
patient material that might have entered the turbine and air and waterlines (2,356,357).
Heat methods can sterilize dental handpieces and other intraoral devices attached to air or
waterlines (246,275,356, 357,360). For processing any dental device that can be removed from
the dental unit air or waterlines, neither surface disinfection nor immersion in chemical
germicides is an acceptable method. Ethylene oxide gas cannot adequately sterilize internal
components of handpieces (250,275). In clinical evaluations of high-speed handpieces, cleaning
and lubrication were the most critical factors in determining performance and durability
(361--363). Manufacturer's instructions for cleaning, lubrication, and sterilization should be
followed closely to ensure both the effectiveness of the process and the longevity of handpieces.
Some components of dental instruments are permanently attached to dental unit waterlines and
although they do not enter the patient's oral cavity, they are likely to become contaminated with
oral fluids during treatment procedures. Such components (e.g., handles or dental unit
attachments of saliva ejectors, high-speed air evacuators, and air/water syringes) should be
covered with impervious barriers that are changed after each use. If the item becomes visibly
contaminated during use, DHCP should clean and disinfect with an EPA-registered hospital
disinfectant (intermediate-level) before use on the next patient.
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