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 ABSTRACT 
 

Statement of Problem: The origin of Dental Unit Water Lines (DUWL) 
contamination is specially related to the formation of biofilm which is com-
posed of microorganisms within water and is located on the tubing lines.  
Purpose: In this descriptive study, we evaluated the degree of contamina-
tion with Gram positive and Gram negative bacteria in DUWLs of the dent-
al school and also determined the efficacy of flushing on reducing its micro-
bial count. 
Materials and Methods: Thirty dental units from all the departments of de-
ntal school in Tehran University of Medical Sciences were selected for this 
study. Sampling consisted of a two step procedure before and after one min-
ute of flushing. The samples were taken from air/water line of each selected 
dental unit separately. Air/water syringe of each unit was completely disinf-
ected with Deconex before sampling. 
Results: The range of the contamination varied from190 to 23×105 CFU/ml. 
The bacterial contamination included anaerobic Gram negative bacilli, non-
fermenting Gram negative bacteria, Gram positive cocci and Gram positive 
bacilli. In all the samples taken from water taps, contamination was noted, 
varying from 25 to 1700 CFU/ml. This was significantly lower than the co-
ntamination of air/water syringe of the dental units. 

Conclusion: Applying the right principles for infection control such as using 
disinfectants or sterile water in dental settings and daily flushing before visit-
ing patients can be of great significance. 
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Introduction 
Several different types of microorganisms have 
been identified and separated from Dental Unit Wa-
ter Lines (DUWL) in recent years. The origin of 
this contamination is specially related to the format-

ion of biofilm which is composed of microorgani-
sms within water and is located on the tubing lines 
[1]. Most of these microorganisms are not pathog-
enic in healthy individuals but may be of great imp-
ortance in patients with systemic diseases and may 
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cause morbidity in the immune compromised patie-
nts. Although the results of some epidemiologic 
studies show that contamination of DUWL can be 
dangerous in patients with immune-deficiency or 
other immune system problems [2], it can be true 
for pregnant women, elderly, graft recipients or ev-
en smokers. Contamination of DUWL can be of gr-
eat importance since the patients and dental person-
nel are in intimate contact with water and aerosols 
produced in the environment [3]. 

Several microorganisms including Gram posit-
ive and Gram negative bacteria have been detected 
in different researches. The biofilm plays the main 
role in this contamination [4]. Biofilm is indeed the 
microbial colony attached to the tubing surfaces 
which are more resistant to antiseptics and antimic-
robials than microorganisms within water. So, the 
bacteria living in the biofilm have a more chance to 
survive than floating microorganisms. 

Martin detected Pseudomonas Aeroginosa (P.A) 
in the dental unit water system. It had resulted in 
Pseudomonal abscess in the oral cavity of two 
immunocompromised patients [5]. Disinfecting the 
dental unit water system with chlorine was evaluat-
ed by Fiehn in 1998. It was stated that besides the 
carcinogenic characteristics of chlorinated water for 
laboratory animals, it could also result in corrosion 
of the dental equipment [6]. 

Ozcan showed that both Alpron and Bio 2000 
appear to be an effective disinfectant for use in eli-
minating the cfu (Colony-Forming Units) in DUW-
L totally at the end of 2 weeks [7]. Walker assessed 
the microbiology of DUWS and biofilms in general 
dental practices across seven European countries 
including the United Kingdom, Ireland, Greece, 
Spain, Germany, Denmark, and the Nether-lands. 
Water supplied by 51% of 237 dental unit water 
lines exceeded the current American Dental units. 

The current Center for Disease Control and Pre-
vention (CDC) guidelines for infection control in 
dental healthcare settings recommend that dental 

unit output water should amount to 500 CFU/ml of 
the aerobic heterotrophic bacteria. The American 
Dental Association has set a standard for dental unit 
output water which is equal to 200 CFU/ml of 
aerobic heterotrophic bacteria [1, 2]. The study em-
phasizes the need for effective mechanisms to redu-
ce the microbial burden within DUWS, and highlig-
hts the risk of occupational exposure and cross-inf-
ection in general dental practice [8]. A study was 
carried out by Zanetti (to evaluate the decontamina-
ting efficiency of an alternative product, hydrogen 
peroxide, on dental unit water supply. The results 
of this study indicated that the disinfectant is able to 
keep contamination under control, as long as the tr-
eatment is repeated daily, before starting work, and 
especially after long interruptions [9]. Al-Hiyasat 
evaluated the extent of Pseudomonas aeruginosa 
contamination of DUW at a Dental Teaching Cent-
er in Jordan. Pseudomonas aeruginosa was detected 
in 86.7% (26/30) of the dental units at the beginni-
ng of the working day, and in 73.3% (22.30) after 
2 minutes of flushing and at midday; flushing the 
DUW for 2 minutes significantly reduced the coun-
ts of P.A [10]. 

A study was carried by Ketabi in 2010 to evalu-
ate the effect of Chlorini-dioxide on reduction of 
bacterial contamination of Dental Unit Water 
Systems. This study indicated that the amount of 
bacterial contamination in DUWS of Khorasgan de-
ntal school was higher than the accepted level. 
After using chlorine dioxide, the amount of bacteri-
al colonies was significantly reduced ( p <0.05). The 
major group of bacteria observed included Gram 
negative bacilli (pseudomonas), Gram positive cocci 
and a few Gram positive bacilli [11]. 

This study evaluated the degree of contamin-
ation with Gram positive and Gram negative bacte-
ria in DUWLs of the dental school in Tehran Univ-
ersity of Medical Sciences for the first time. We 
also determined the efficacy of flushing in reducing 
the microbial count of dental unit water system. 
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The extent of contamination with Pseudomonas ae-
ruginosa was also determined. 
 
Materials and Methods 
Thirty dental units from all the departments of the 
dental school in Tehran University of Medical Scie-
nces were selected for this study. More dental units 
were selected from departments with greater numb-
ers of dental units and more patients visiting daily. 
Sampling consisted of a two step procedure before 
flushing and after one minute of flushing. A control 
sample was also taken from tap water of each ward. 
The samples were taken from air/water line of each 
selected dental unit separately. Water samples were 
taken approximately mid-morning around 10 o’clo-
ck on Mondays. CDC has developed special recom-
mendations for use in dental offices. For example, 
air/water syringes should be operated for a minimum 
of 20 to 30 seconds after each patient to flush out 
the retracted material. Between patients, the coveri-
ngs must be changed and the underlying surface 
cleaned. Between clinical sessions, all surfaces inc-
luding those apparently uncontaminated (out-side 
the zoned area) should be thoroughly cleaned and 
decontaminated with detergent and a suitable verid-
ical disinfectant. Fresh solutions of disinfect-ant 
should be made up and used according to the manu-
facturer’s instructions [1-2]. Thus, we considered 
all recommendations in our study. Air/water syrin-
ge of each unit was completely disinfected with De-
conex before sampling.  
 
Sampling Method 
Ten CC of water from each unit water line was col-
lected into a sterile water bottle using aseptic techn-
iques. Another sample was taken after 1 minute of 
flushing and collected into a separate sterile bottle. 
In this study, water sample collection was done thr-
ice and then an average was taken for the results. 
The head of the water syringe did not contact with 
the bottle so that no other contamination was added 
to the collected sample. The bottles were then label- 

ed and returned to the laboratory in 2 hours.  
 

Culturing media 
The following media were used for detection of ba-
cterial growth in the laboratory: 

Cetrimid Agar (for detection of Pseudomonas. 
A, Merk, Germany), Mac conkey Agar (for Gram 
negative bacteria, Himedia, India), Blood Agar (Hi-
media, India), R2A media (for colony count, Gibco, 
UK) MHA (Muller Hinton Agar, Himedia, India) 
Oxidative/Fermentative medium, Merck, Germany), 
KIA media (Kliger Iron Agar, Himedia, India) and 
Water samples were completely mixed for 15 seco-
nds and decimal dilutions were prepared by adding 
1cc of the sample to 9cc of sterile water. Dilutions of 
1/100 and 1/400 were prepared for each tube and 
plated on Cetrimid, BA, R2A and Mac Agar. After 
all, 16 plates were cultured for each sample (before 
and after flushing). After 48 hours, the total colony 
count of each plate was enumerated. For confirmat-
ion of presumptive Pseudomonas and non-ferment-
ative bacteria, a slide was prepared from the present 
colonies and was stained by Gram technique. Bacil-
lus and Gram negative coco bacillus bacteria were 
selected and purified for MHA media. For purifyi-
ng, the bacteria were sampled from the related colo-
nies and incubated for 24 hours in MHA plates. The 
purified bacteria were placed on Oxidative Fermen-
tative medium and Kliger iron Agar and incubated 
for 18-24 hours in the incubator. After the growth 
of bacteria in this media, non-fermentative bacteria 
were identified. These bacteria were placed on ERIC 
kits. Bacterial suspension was prepared (3×108 
CFU/ml) and placed on ERIC kits in sterile conditi-
on. It was incubated for 4 hours and the type of ba-
cteria was identifyed using ERIC software accordi-
ng to the present template. Data were analyzed by 
SPSS software (version 11.5) and statistical tests 
including Wilcocxon and descriptive analysis. 

 
Results 
In all the 30 samples taken from air/water syringes,
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Table 1   The extent of contamination of DUWS in 
different departments before flushing 
 

 Table 2  The extent of contamination of DUWS in 
different departments after flushing 
 

Dept.  
Before 

flushing   
(CFU/ml) 

N Std. 
deviation 

Std. error  
mean 

 
Dept.  

After 
flushing 

 (CFU/ml) 
N Std. 

deviation 
Std. error 

mean 

Orthodontics 2300000 1 0 0 Orthodontics 26000.00 1 0 0 
Pediatrics  440960.0 5 400300.3 179019.7 Pediatrics 13540.00 5 22238.78 9945.48 
Restorative  277645.6 7 550685.8 208130.7 Restorative 62597.14 7 163780.33 61903.15 
Periodontics  209000.0 4 156411.9 78205.9 Periodontics 29550.00 4 29065.62 14532.81 
Partial prosth  175733.3 3 241437.8 139394.2 Partial prosth 2633.33 3 1289.70 744.61 
Endodontics  69000.0 5 100040 44739.2 Endodontics 446.00 5 869.184 388.71 
Fixed prosth 60600.0 5 49561.1 22164.4 Fixed prosth 471.40 5 293.043 131.05 
Total  281983.98 30 506041.2 92390.1 Total 22085.6 30 79517.38 14517.82 

 
bacterial contamination was noted. The range of 
this contamination varied from190 to 23×105 CFU/ 
ml. The bacterial contamination included anaerobic 
Gram negative bacilli, non-fermenting Gram negat-
ive bacteria (N.F.B), Gram positive cocci and Gram 
positive bacilli. In all the samples taken from tap 
water, contamination was noted which varied from 
25 to 1700 CFU/ml. This was significantly lower 
than the contamination of air/water syringe of dent-
al units (Tables 1, 2). Of the most important findin-
gs of this research was that in all the samples cultu-
red from water syringes contamination with N.F.B 
was seen while in none of the tap water samples 
contamination with N.F.B was noted. In all the sou-
rces, the total count of Gram negative bacteria was 
more than Gram positive bacteria (70% Gram nega-
tive and 30% Gram positive).  

Isolating and detecting Pseudomonas aerogi-
nosa from dental unit water supply has been one of 
the main aims of this study. This was done by using 
special media and in this regard Brev. Diminuta pr-
eviously known as Burkholderia cepacia which can 
lead to meliodosis infection was detected. Also, 
B.Cepacia which is an opportunistic bacteria and 
can cause severe problems in patients with cyctic 
fibrosis, P.pseudoalcali genes which is commonly 
found in hospital environment and can lead to men-
ingitis, Flavo Bacterium meningosepticum which 
can be isolated from soil, water, food and can be fo-
und in hospital environment were observed. It can 

cause meningitis and septicemia in susceptible pati-
ents. Moreover, Morax lacunata which was previo-
usly known as Moraxella liqefaciens and can be is-
olated from respiratory and eye infections was seen. 
It grows on the agar media. All of the mentioned 
bacteria are opportunists and can somehow cause 
different infections and diseases in susceptible 
patients. 

 
Discussion 
Contamination of DUWS has been known as long 
as 30 years ago. However, the fact still persists in 
spite of making many problems for immune compr-
omised and other at risk patients [13]. There are 
two main sources for this contamination. The first 
one is oral microbial flora of the patients which is 
flowed back to water system of dental units by 
means of high speed or suction and the second is 
biofilm which can act as the potential source of co-
ntamination. According to the findings of this study, 
all the 30 dental units had different counts of bacte-
rial contamination which in some cases has been 
unusually higher than standard amounts. Similar to 
the study in Khorasgan dental school, the amount of 
bacterial contamination in DUWS was higher than 
the accepted level [11]. The results also showed 
that the degree of contamination of air/water syrin-
ges has been higher than tap water and that Gram 
negative bacteria have been more prevalent than 
Gram positive ones. In most of the similar studies, 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


Mansourian A., et al   Shiraz Univ Dent J 2011; Vol.11, Supplement                                
 

44 

Gram negative bacteria have been more prevalent 
than Gram positive ones in dental unit water syste-
ms [11-13]. The most important data found was the 
higher number of non-fermenting Gram negative 
bacteria in samples taken from dental units compar-
ed to those found in samples from tap water which 
is due to higher tendency of these bacteria for living 
in open aquatic environments and also due to the 
bacteria’s simple growth requirements enabling su-
ch bacteria to live and even proliferate in water [3, 
8]. One of the important issues regarding the bacte-
rial infection of water supply of dental units is the 
fact that nearly all of these units are very old and 
worn out and because most of them are not supplied 
with perfect and modern water system, biofilm is 
readily formed and bacterial colonization is facilita-
ted in their water system. Another important issue 
is that most of these bacteria are opportunistic path-
ogens which can readily cause severe and life threa-
tening diseases in some immune compromised and 
other susceptible patients. The presence of bacteria 
can be of great risk for health care workers too. 

Due to the importance of these microorganisms 
in the pathogenecity and infectivity, applying the 
right principles for infection control such as using 
disinfectants or sterile water in dental settings and 
daily flushing before visiting patients can be of gre-
at help. One minute of flushing before visiting each 
patient compared to other ways of infection control 
such as using disinfectants and sterile water needs 
no special equipment and has no cost. 

In a study by A.J. Smith, it was shown that the 
extent of infection in air/water syringes of dental 
units was far greater than tap water. The study was 
conducted in some dental clinics in the west of Sco-
tland and the results are consistent with our findin-
gs [14].  

In another study in the southwest of England by  
J.T.Walker, 55 dental units were selected and 

bacterial infection in different parts were evaluated 
and compared. The samples were taken from water 

syringe and head of high speed. Turbin although the 
extent of bacterial infection was lesser than what 
we have found in our study showed, in both studies 
Gram negative bacteria to be more prevalent than 
Gram positives. In this study, 68 percent of the uni-
ts were contaminated while 100 percent of our sam-
ples have been shown to be contaminated [15].  

In a study by Meiller, the mean bacterial cont-
amination of the dental units was reported to be 105 

CFU/ml. This is significantly lower than the conta-
mination of the dental units in our study [16]. 
Walker conducted a research on 20 dental units to 
assess their extent of contamination. The contamin-
ation in their study was largely related to Gram ne-
gatives which are similar to our findings [17]. Teix-
eira compared the effect of 20 seconds of flushing 
with 2 minutes of flushing and concluded that 2 mi-
nutes of flushing can be more efficacious in elimin-
ating and reducing the bacteria in dental unit water 
lines [18]. According to the findings of Watanabe, 
ten minutes of flushing is highly helpful in reducing 
the bacterial counts of DUWS [19]. Whitehouse st-
ates that 20 minutes of flushing can reduce the 
count of bacteria to zero but after 24 hours the cou-
nt will increase gradually [13]. Although long flus-
hing can lead to greater reductions in bacterial 
counts, this is not practical in most dental clinics. It 
is suggested that 1 to 2 minutes of flushing is suita-
ble in most situations because it can lead to consid-
erable reduction in bacterial contamination. In this 
research, we were able to detect and isolate some 
different types of opportunistic bacteria including 
P.aeroginosa. Watanabe and Leggat detected E.coli 
in dental unit water lines [19-20].  

Barbeau isolated P.Aeroginosa from water lines 
of more than 25% of the dental units under the stu-
dy which had a concentration of more than 10 CFU/ 
ml [21]. Also, Ma'ayeh could prove the presence of 
P.Aeroginosa in dental unit waterlines [22]. Legio-
nella has been known as the main cause of respirat-
ory infection and Legiolenosis [22]. Isolating this 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


Shiraz Univ Dent J 2011; Vol.11, Supplement                                                                                                            Mansourian A., et al
   

45 

bacterium requires special media, takes a long time 
to complete and is a very complex procedure. Dete-
cting Legionella was not considered in this study. 
 
Conclusion 
The presence of biofilm in dental unit water lines is 
a much known fact and its quantity depends on so 
many factors such as oldness and quality of dental 
unit and how strictly the infection control guide-lin-
es are observed. Considering these guidelines acco-
rding to the present conditions and facilities such as 
flushing before visiting each patient can reduce the 
count of bacteria and lead to a safer environment 
for both the practitioner and the patient. 
 
Acknowledgment 
This study was supported by grant no. 132/10248 
from Dental Research Center, Tehran University of 
Medical Sciences. 
 
References 
[1] al Shorman H, Nabaa LA, Coulter WA, Pankhurst 

CL, Lynch E. Management of dental unit water 
lines. Dent Update 2002; 29: 292-298. 

[2]  Szymanska J.  Control methods of the microbial 
water quality in dental unit waterlines. Ann Agric  
Environ Med 2003; 10: 1-4. 

[3] Szymańska J, Wdowiak L, Puacz E, Stojek NM. 
Microbial quality of water in dental unit reserv-
oirs. Ann Agric Environ Med 2004; 11: 355-358. 

[4] Shearer BG. Biofilm and the dental office. J Am 
Dent Assoc 1996; 127: 181-189.  

[5] Martin MV. The significance of the bacterial 
contamination of dental unit water systems. Br 
Dent J 1987; 163: 152-154.  

[6] Fiehn NE, Henriksen K.Methods of disinfection 
of the water system of dental units by water chlor-
ination. J Dent Res 1988; 67: 1499-1504. 

[7] Ozcan M, Kulak Y, Kazazoglu E. The effect of 
disinfectant agents in eliminating the contamina-
tion of dental unit water. J Oral Rehabil 2003; 30:  

290-294. 
[8] Walker JT, Bradshaw DJ, Finney M, Fulford MR, 

Frandsen E, ØStergaard E, et al. Microbiological 
evaluation of dental unit water systems in general 
dental practice in Europe. Eur J Oral Sci 2004; 
112: 412-418. 

[9] Zanetti F, De Luca G, Tarlazzi P, Stampi S. Dec-
ontamination of dental unit water systems with 
hydrogen peroxide. Lett Appl Microbiol 2003; 37: 
201-206. 

[10] Al-Hiyasat AS, Ma'ayeh SY, Hindiyeh MY, Kha-
der YS. The presence of Pseudomonas aeruginosa 
in the dental unit waterline systems of teaching cl-
inics. Int J Dent Hyg 2007; 5: 36-44. 

[11] Ketabi M, Zare Jahromi M, Abbasi F. The Effect 
of Chlorini-dioxide on Reduction of Bacterial co-
ntamination of Dental Unit water Systems. Shiraz 
Univ Med Scien J of Dent 2010; 11: 90-95.   

[12] Williams JF, Molinari JA, Andrews N. Microbial 
contamination of dental unit waterlines: origins 
and characteristics. Compend Contin Educ Dent 
1996; 17: 538-540.  

[13] Whitehouse RL, Peters E, Lizotte J, Lilge C. 
Influence of biofilms on microbial contamination 
in dental unit water. J Dent 1991; 19: 290-295. 

[14] Smith AJ, McHugh S, McCormick L, Stansfield R, 
McMillan A, Hood J. A cross sectional study of 
water quality from dental unit water lines in 
dental practices in the West of Scotland. Br Dent J 
2002; 193: 645-648.   

[15] Walker JT, Bradshaw DJ, Bennett AM, Fulford 
MR, Martin MV, Marsh PD. Microbial biofilm 
formation and contamination of dental-unit water 
systems in general dental practice. Appl Environ 
Microbiol 2000; 66: 3363-3367. 

[16] Meiller TF, Depaola LG, Kelley JI, Baqui AA, 
Turng BF, Falkler WA. Dental unit waterlines: 
biofilms, disinfection and recurrence. J Am Dent  

       Assoc 1999; 130: 65-72.  
[17] Walker JT, Marsh PD. Microbial biofilm formati-

on in DUWS and their control using disinfectants.  

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


Mansourian A., et al   Shiraz Univ Dent J 2011; Vol.11, Supplement                                
 

46 

       J Dent 2007; 35: 721-730.  
[18] Teixeira RM. Water-quality of Westbrabantse  

dental units and the effect of flushing. Ned Tijdsc-
hr Tandheelkd 2002; 109: 307-311.  

[19] Watanabe E, Agostinho AM, Matsumoto W, Ito 
I. Dental unit water: bacterial decontamination of 
old and new dental units by flushing water. Int J 
Dent Hyg 2008; 6: 56-62.  

[20] Leggat PA, Kedjarune U. Bacterial aerosols in the   
      Bacterial aerosols in the dental clinic: a review. Int  

       Dent J 2001; 51: 39-44. 
[21] Barbeau J, Tanguay R, Faucher E, Avezard C, 

Trudel L, Côté L, Prévost AP. Multiparametric a-
nalysis of waterline contamination in dental units. 
Appl Environ Microbiol 1996; 62: 3954-3959. 

[22] Ma'ayeh SY, Al-Hiyasat AS, Hindiyeh MY, Kha-
der YS. Legionella pneumophila contamination of 
a dental unit water line system in a dental teaching 
centre. Int J Dent Hyg 2008; 6: 48-55. 

 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com

