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Abstract: Effective infection control is very crucial. The objective of this research is to determine the level of 

bacterial countin water from dental chair unit output at the Dental Clinic Faculty of Dentistry, UniversitiSains 

Islam Malaysia. Five dental chair units of treatment rooms were selected. A total of 31 water samples collected 

from three-way syringe and cup filler water.  Positive control was taken from aquarium and distilled water was 

used as negative control. The nutrient agar was prepared and the samples were cultured immediately in the 

laboratory. The samples were incubated for 24 hours in 37˚C before observation and the total bacteria counting 

done. Direct counting method was done in three times by calculating all colonies formed unit in 1 millilitre. The 

total bacteria count was550 cfu/ml in aquarium, 0 cfu/ml in distilled, (3.40±0.245) cfu/ml in three way syringe 

and (3.75±0.25) cful/ml in cup filler water. All samples from five dental units showed less than 200 cfu/ml of 

total bacteria count and meet the American Dental Association recommendation.  The Gram staining showed 

that the colonies of bacteria taken from the samples mostly gram negative bacteria. For conclusion,  the filter 

system and anti-retraction valve used in these five dental units is effective but this system must be timely 

monitor. 
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I. Introduction 
Patient’s and clinician’s wellbeing are major concern during dental treatment. This is because of the 

exposure to incidents, infectious disease, and radiation[1]. In dentistry, dental unit water line (DUWL) can be a 

potentially risk to human health because of the nature of the DUWL that contains microorganism. The perceived 

threat to public health from DUWL contamination comes from opportunistic and respiratory pathogens such as 

Legionella sp., Mycobacteria sp. and Pseudomonas sp[2].The quality of water from DUWL is important during 

treatment to minimize any biological exposure as dental units regularly generate aerosols[3-4]. 

Distilled water and tap water were two water sources that used in the dental chair unit.  However, a few 

studies have reported that most of DUWL in dental chairs is supplied by tap water[5]. The contamination of 

DUWL is usually caused by microorganismthat formed a layer of biofilm inside the DUWL 

system[6].Theoretically, detachment of microorganisms from DUWL biofilm which flushed into the oral cavity 

could infect the patient by indirect transmission of bacteria from dental water through ingestion and inhalation 

of the aerosol[7]. This problem exists because of the tendency for microorganism to adhere to the walls of the 

small tube. This will lead to formation of biofilm and if it continues to grow, it can break and enter the patient’s 

oral cavity [8]. 

DUWL generates bioaerosol during dental treatment which can be a potential source of indirect 

infection to dental health professionals [9]. Apart from that, the contaminated DUWL can cause cross-infection 

to the patient[5]. Bacterial contamination of DUWL was first reported and discussed in the literature nearly 50 

years agosince DUWL is ideal environment for the growth of microorganisms entering dental units from the tap 

water supply [10]. Pankhurst stated that most of the microorganism are harmless and cannot cause diseases to 

human but some of them can be opportunistic pathogens [2]. A study from Depaola et al mentioned that inside 

the biofilm there are 32 different bacteria, 6 different types of fungi, and 2 types of protozoa have been isolated 

from dental water [11]. Two reports also stated that most of the bacteria isolated from DUWL are gram negative 

bacteria which can produce endotoxin such as Pseudomonas aeruginosa sp. and Legionella pneumophillasp. [12-

13]. 

The present study was performed to determine to the level of bacterial contamination from dental chair 

unit output water in the Dental Clinic Faculty of Dentistry, UniversitiSains Islam Malaysia. The results of this 

study can be added as a support document for waterline treatment. A well-designed water quality indicator 

should be put in dental unit setting for monitoring. 
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II. Material And Methods 
This study was conducted at Dental Clinic, Faculty of Dentistry (FoD), UniversitiSains Islam Malaysia 

(USIM). The water samples were taken from five units of dental chair unit from specialist rooms. The samples 

then were tested using a modified method from the Ma et al [3]. 

 

Preparation of the samples 

The water samples were taken from three-way syringe(sterile water) and cup filler (tap water) of each 

dental unit in three times.Positive control was taken from nearby aquarium and distilled water was used as 

negative control. 

Preparation of nutrient agar 

31 plates of the nutrient agar (Oxoid, England) were prepared. The agar was measured and dissolved in 

one litre distilled water. After autoclaved at 125
o
 C, the agar mixture then poured into 32 Petri dishes and left to 

cool down and solidify [15]. 

Total bacteria count 

Samples were divided into four groups; 

a. Group 1- positive control (water was taken from aquarium)-1 plate 

b. Group 2- negative control (water was taken from)-1 plate 

c. Group 3-three-way syringe water – 14 plates 

d. Group 4-cup filler water- 15 plates 

 

Aseptic technique was used throughout the processes.  1 ml of each sample was added onto the agar 

and spread using three sector streak technique [16]. The samples then were left overnight to incubate (Memmert, 

Ine 500, Germany) at 37
o
 C before total bacteria counting. 

 

Gram stain examination 

Gram stain was done to identify the type of bacteria in the colony. A colony of each plate was isolated 

and used for gram staining. A thin smear of the colony was made on a glass slide and fixed.  The smear was 

covered with crystal violet and incubated for one minute. The slide then was tilted to drain excess crystal violet. 

The smear was covered with Lugol’s iodine for another minute. Decolourization step was done with acetone-

iodine for 5 to 10 seconds. The slide was rinsed with water to stop the action of alcohol and flooded with 

safranin for 30 seconds afterward. The slide was washed under indirect stream of tap water until no colour 

appeared in the effluent. Then, it was blotted dry. The slide was examined under light microscope (Leica, 

Germany). 

 

III. Results 
Total bacteria count was done by counting all the colonies formed unit (cfu) in 1 millilitre (ml) on the 

plate. Three reading was done to ensure the accuracy. The mean and standard error mean from two sources 

which were three-way syringe and cup filler are (3.40±0.245) cfu/ml and (3.75±0.250) cfu/ml respectively. 

Positive control showed total bacteria count was 550 cfu/ml and negative sample had zero colonies. This result 

showed that the dental chair units in these five rooms are following the recommendation of American Dental 

Association (ADA) [17]. (Figure 1) 

 

 
Figure 1 : The mean of total bacteria count in 4 types of water 
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Figure 2 shows the mixture of gram positive (blue) and gram negative (pink) bacteria in the aquarium 

water sample (positive control). Gram staining of colonies from the agar shows a predominance of  gram 

negative bacteria in the sample as shown in figure 3.  

 

 
Figure 2: . Plate Positive Control show mixes of gram negative and positive bacteria. 

 

 
Figure 3: This plate show gram negative rods bacteria in tap water 

 

IV. Discussion 
Recent technology in dental unit manufacture is aiming to reduce DUWL contamination concentrate on 

two aspects, which are treatment of dental water and improvement of dental unit design. This includes anti-

retraction valve, filtration system and chemical disinfectants [11].From the finding, all the samples have less 

than 200 cfu/ml except for positive control. This result illustrated that DUWL in FoD USIM correspond to ADA 

submission by having these three methods mentioned above. 

Barbeau et al proved that lacking of anti-retraction valve can cause patient’s saliva being sucked back 

into the waterlines [16]. One of the recommendation from Centers for Disease Control and Prevention for 

preventive measure is by using an appropriate method and equipment in dental chair to maintain the quality of 

dental water [18]. The DUWL can cause harm to patient if it not properly managed and routinely checked. 

Retraction is the action that occurs when a water relay within the dental unit shuts off and draws water back into 

the device. It is bad because if the level of retraction is high enough, the backflow from the oral cavity might 

happen and contaminated the DUWL. So, from the Guide , anti-retraction valve installed in A-dec Systems is to 
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ensure the water flow in one direction. Filtration system also in use to filtrate the unwanted particles especially 

biofilms [14] 

There was a case in 2011 where 82-year-old lady died in Italy because of Legionnaires' disease which 

she acquired after receiving dental treatment. The source of infection was said most probably from the 

aerosolized water from the high speed turbine [19].  Although the number of cases are not published widely and 

the effect of exposure from the DUWL is limited, but there is medico-legal requirement to comply with potable 

water standards and to confirm to public perception on water safety [20]. 

The gram negative bacteria prevailed the bacteria community of the sample. This finding correlates to 

the study done by Pankhurst et al[3]. However, since there was no further test done to key out the bacteria 

species, we cannot explain the detail of the bacteria pathogenecity. The colony formed on the plates were 

generally round to oval in shape while the colour were whitish to light yellowish. These are shown in figure 3. 

The figure 3 also showed most of the colony formed were single colony that can be easily observed.The results 

actually met the National Standard of Drinking Water Quality by the Minstry of Health Malaysia 

recommenation which is less than 500 cfu/ml [21]. So, it is not only safe to use in dental treatment but also for 

drinking. 

In order to reduce DUWL contamination, here are some recommendation methods such as flushing, 

monitoring the DUWL quality, peroxide, independent clean water system and using biocides or chemical 

disinfectants [3]. Those methods concentrate on dental unit design and treatment of dental water.Besides, the 

other recommendations are follow manufacturer’s directions for monitoring water quality and discharge water 

and air for a minimum of 20 to 30 seconds after each patient from any dental device connected to the water 

system. Also, consult with the manufacturer on the need for periodic maintenance of antiretraction mechanisms 

[6] 

 

V. Conclusion 
In conclusion, the dental unit water line in FoD, USIMfollows the ADA regulation and are safe to be 

used to the patient. Regular study must be done to check the quality of the water system. Further research may 

need to expand on identify types of bacteria formed from the samples. 
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