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Safety of dental units: Efficacy of Chlorine
dioxide in reducing bacterial loads in water and
bio films of dental waterlines

Meera S, Sadhana S.

ABSTRACT

OBJECTIVE: To determine efficacy of chlorine dioxide disinfectant in reducing bacterial contamination of dental unit waterlines using

bore well / distilled water.

METHODS: Water and biofilm samples were collected from 27 dental unit water lines using bore well water and 20 units using distilled
water before the use of, 1 day, 15 days and 30 days after the use of chlorine dioxide (Insta-diox —Narsipur chemicals Pune,
Maharashtra). Samples were cultured using nutrient agar and the number of colony forming units was counted using manual colony
counting device. Gram'’s stain was used to study the type of organisms and M-endo agar for the presence of Escherichia coli.

RESULTS: Before disinfection with chlorine dioxide, water and biofilms were highly contaminated. Gram negative bacilli were the most
commonly isolated organisms. The number of colony forming units and also the proportion of chairs showing presence of E. coli
reduced after disinfection especially 1 day and 15 days after disinfection. All dental unit waterlines met the American Dental
Association standards of less than 200/ml colony forming unit until 15 days after disinfection. Bore well water was more contaminated.

INTERPRETATION AND CONCLUSION: Chlorine dioxide is effective in reducing contamination in both water and biofilms.

Key words: dental unit waterlines, colony forming units, chlorine dioxide disinfectant, E.coli, bore well water and distilled water.

Introduction

In any infection control protocol, identifying all possible
transmission routes of infectious agents is important!. Dental
unit waterlines (DUWLs) delivering water to high speed
handpieces, air/water syringes & ultrasonic scalers?, remain a
potential weakness in infection control in dental practice, as they
become easily contaminated with both patient-derived and
input-water impurities®. More than 40 species of microorganisms
have been isolated*; many of low pathogenicity, or opportunistic
pathogens, causing harmful infections under special conditions/
in immunocompromised persons. Various treatment options
investigated to maintain the quality of DUWLs are primarily
concerned with bacteria present in the water-borne phase®.
Unless procedures specifically designed to prevent/eliminate
biofilms are performed, DUWLs would fail to avoid being
colonized by bacteria®.

Thus the need for the present study was to assess the bacterial
contamination of both output water and the biofilms of DUWLs
before the use of, one day after, fifteen days after and one month
after the use of chlorine dioxide disinfectant in dental units
using bore well water/distilled water.

Materials and methods: 20 ml each of input water —(bore well
water and distilled water) was collected before it was run
through the DUWLs. Prior to disinfection, output water (after it
was run through DUWLs) and biofilm samples were collected
from 27 DUWLs using bore well water and 20 DUWLs using
distilled water. 20ml of output water samples were collected
from three way syringe of dental chair in sterile disposable
container. Biofilm samples were collected aseptically from 2 cm
long fragment of the tubing from the booster end of dental unit.

The tubings were cut longitudinally and the samples were
collected from the internal walls using a sterile cotton swab.

The collected samples of input water, output water and biofilms
were each immediately filtered and poured separatelyon the
nutrient rich agar and m Endo agar plates and incubated for
48hrs at 37°c. The colony counts were evaluated using manual
colony counting device. The type of organisms was studied
using Gram’s stain and m Endo agar showed the presence/
absence of E.coli. Following this, 1 liter of prepared chlorine
dioxide (Insta-diox) disinfectant solution was filled into the
booster bottle at the end of the day, flushed for 2mins and left
overnight. Next morning, before the start of any dental
procedures the disinfectant from the booster was discarded and
refilled with respective water and flushed for 2 minutes. The
water and biofilm samples were collected and cultured as above.
Bacterial contamination was again evaluated 15 days and 30
days after disinfection in the same manner as mentioned above.
A comparison was made between the number of CFUs and type
of microorganisms present in water samples and biofilms before
the use, one day after, 15 days after and 30 days after the use of
chlorine dioxide (Insta-diox) disinfectant between DUWLs using
bore well water and those using distilled water. The microbial
contamination of the output water was finally compared with
the ADA standards

Statistical analysis was done using Chi-Square,Fisher Exact test
and t- test

Results: A comparison of Log Colony Forming Units (CFUs) in
output water samples of DUWLs using bore well water /
distilled water before and after disinfection was done. The log
difference of CFUs in water samples before disinfection and 1
day, 15 days and 30 days after disinfection was found to be 2.65,
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1.68 and 0.77 respectively in DUWLs using bore well water and
2.63, 1.48 and 0.72 respectively in DUWLs using distilled water
(p<0.001 in each of the cases) - Table 1. Similar comparison in
biofilms showed that the log difference of CFUs before
disinfection and 1 day , 15 days and 30 days after disinfection
was 3.24, 1.83 and 0.96 respectively in DUWLs using bore well
water and was 3.03, 1.59 and 0.90 respectively in DUWLs using
distilled water (p<0.001 in each of the cases) —Table 2.

Contamination of output water and biofilms was
found to be least on day 1 after disinfection as shown in Table 3
& 4 respectively. The log difference of CFUs in water samples 1
day and 15 days and 30 days after disinfection was -1.11 and -
1.81 respectively for DUWLs using bore well water (p<0.001 in
each case) and -0.90 (p<0.039) and -1.72 (p<0.003) respectively for
those using distilled water — Table 3. In the biofilms, the log
difference of CFUs 1 day and 15 days and 30 days after
disinfection was -1.39 and -2.24 respectively for DUWLs using
borewell water and -1.41 and -2.12 (p<0.0001 in each case)
respectively for those using distilled water — Table 4.

Though the bacterial contamination was reduced after
disinfection with chlorine dioxide, it could not be eliminated.
Hence the number of DUWLs that maintained the ADA
standard of < 200CFUs/ml for dental unit output water, was
studied Table 9. Before disinfection, 10/27 DUWLs using bore
well water and 5/20 using distilled water failed to maintain the
ADA standard. After disinfection with chlorine dioxide, all the
DUWLs maintained the standards 1 day after and 15 days after
disinfection. After 30 days, only one chair supplied by borewell
water showed contamination of more than 200 CFUs/ml.

In the input water,bore well water showed contamination (but
maintained potable water standards of <100 CFUs/ml) and
distilled water was sterile. However, in the output water,
distilled water was also contaminated(Table 1). The mean log
CFUs was significantly more in DUWLs (output water) using
bore well water than those using distilled water before
disinfection (p=0.036). A trend was seen in the same direction 1
day after (p= 0.073+) and 15 days (p= 0.081+) after disinfection
following which significantly more number of mean log CFUs
was seen in bore well water than in distilled water DUWLs 30
days after disinfection (p= 0.024*). When the biofilms of DUWLs
using the bore well water were compared with those using
distilled water (Table 2), the mean log CFU was again
significantly more in bore well water than in distilled water
DUWLs before disinfection (p= 0.047*). There was no significant
difference seen 1 day and 15 days after disinfection and only a
trend was seen 30 days after disinfection (p= 0.070+) in the same
direction as before disinfection.Gram negative bacilli were the
most common type of organisms seen in water and biofilm
samples Table 5 & 6.

Study of E. coli showed the following results - Before
disinfection, a higher proportion of water samples (11/27) and
biofilm samples (10/27) of DUWLs using borewell water were
contaminated with E coli than those using distilled water (5/20
water samples & 4/20 biofilm samples). However, it was not
statistically significant. The same kind of difference in
contamination between bore well water and distilled water was
not observed after disinfection (1 day/15 days/30 days after). Use
of the disinfectant brought about a reduction in the proportion
of chairs contaminated with E coli to almost zero level. While
0/20 of the water samples taken from DUWLs using distilled
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water were contaminated with E coli 1 day after and 15 day after
disinfection (statistical analysis was not possible — Table 7), 3/20
DUWLs were contaminated 30 days after disinfection (p=1.000).
In the DUWLs using borewell water, only 1/27 water samples
was found to be contaminated with E. coli 1 day and 15 days
after disinfection (p=0.005) and 3/27 DUWLSs were contaminated
30 days after disinfection (p=0.039) (Table 7).

Similar findings were seen even in biofilms (Table 8).
1/20, 0/20 and 2/20 biofilms from DUWLs using distilled water
were contaminated with E coli 1 day after , 15 days after and 30
days after disinfection. Because of the small sample size, it is
possible that a statistical significance was not obtained on day 1
or 30 days after disinfection. 15 days after disinfection, because
of values of zero, statistical analysis was not possible. 0/27, 0/27
and 1/27 biofilms from DUWLs using bore well water were
contaminated with E coli 1 day after disinfection, 15 days after
disinfection and 30 days (p=0.012) after disinfection.

Discussion: DUWLs that have been in use for several months
receiving no decontaminating treatment have been found to be
highly contaminated’. In our study, we found significant
bacterial contamination in output water samples of DUWLs
before disinfection compared to after disinfection (1 day/ 15
days /30 days after disinfection) - Table 1.

Similar findings were obtained on bacterial evaluation
of the biofilms of the DUWLSs before and after disinfection -
Table 2. This indicates that chlorine dioxide disinfectant used in
our study reduced bacterial contamination in both water as well
as in the biofilms. In water and in the biofilms, it was found to
be most effective on day 1 after disinfection - Table 3 & 4. The
results are in agreement with other reports demonstrating the
efficacy of a broad range of commercially available treatment
products for DUWLSs that efficiently remove biofilms and reduce
bacterial density in DUWLs89101112131415165 However, many of
these studies have been conducted in vitro and relatively few
have actually investigated the efficacy of DUWL treatment
products to achieve these desired effects in dental chair
units®1314151 Our  findings also indicate thatthere is
recontamination occurring in the DUWLs if not disinfected
regularly. Other studies too have shownbiofilm re-growth
occurring in DUWLs with subsequent contamination of water in
DUWLs usually shortly following disinfection and so DUWLs
need to be treated regularly®!341511-Different studies have given
different time periods before the recontamination takes place.
Povidine Iodine (10%) with sterile water reservoirs effectively
reduced the CFUs and maintained the ADA standard for 3-14
days!”. When DUWLs were treated with Alpron (mixture of
Sodium hypochlorite, Citric acid and Sodium-p-
toluosulphonechloramide<0.2%), CFUs were reduced to less
than the ADA suggested value by the end of 2" week!, 8
weeks'®and 13 week!’.

No DUWL can however be completely devoid of
microorganisms even after disinfection and thus cannot be
called microbiologically “clean”?”.

There are currently no official standards or legislations
that regulate the microbial quality of DUWL output water. But it
is reasonable to expect that the quality of DUWL output water
should approximate potable water standards?(Department of
health as well as Bureau of Indian Standards (BIS), Government
of India set a standard for potable water of 100 CFU/ ml)* or at
least maintain the ADA recommended standard for dental unit
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output water of a microbial load of less than 200 CFU/ml °.We,
therefore, studied the number of DUWLs that maintained / did
not maintain the ADA recommended standard of DUWL output
water after disinfection (Table 9). We found that chlorine
dioxide helped to maintain the ADA standard in all DUWLs
especially until 15 days after disinfection. Even 30 days after
disinfection, only 1 chair failed to maintain the standard. This is
in contrast to a study where DUWLs regained the bacterial
count (>200 CFUs) after 3 days when disinfected with Chlorine
dioxide®.

The quality of DUWL output water is said to be directly
influenced by the quality of the supply water's. The bore well
input water was contaminated but met the potable water
standards. However, the output water was heavily
contaminated. Similar observations were made with distilled
water. Input distilled water was sterile but output water was
heavily contaminated. (Table 1). Irrespective of the kind of water
used, the number of CFU/ml coming out of a DUWL is certainly
far in excess of the number going in. The inherent multiplication
factor between what goes into a DUWL and what comes out in
terms of microbial numbers indicates that the bacteria are
proliferating in the DUWLs"resulting in build-up of biofilms
and subsequent shedding of these biofilms into the water
phase?. After assessing the number of CFUs in water samples
and biofilms of DUWLs, we also looked at the type of organisms
present in the same. In both the water samples (Table 5) and
biofilms (Table 6), we found gram positive cocci, gram positive
bacillus and gram negative bacillus. Except for day 1 after
disinfection when gram positive cocci were commonly isolated,
at all other times, it was gram negative bacillus that was most
commonly isolated. In literature too, gram negative organisms
have been commonly isolated from DUWLs?.

The coliform groups of bacteria have been described as
the principal indicators of bacteriological quality of water
supplies®. They are also the commonest organisms responsible
for water borne diseases in India. Hence,in our study,we looked
for the presence of E coli in particular, in both water samples
and biofilms. Before disinfection, a higher proportion of water
samples and biofilm samples of DUWLs using borewell water
were contaminated with E coli than those using distilled water
though not statistically significant. Use of the disinfectant
brought about a reduction in the proportion of chairs
contaminated with E coli to almost zero level especially 1 day
and 15 days after use of chlorine dioxide (Table 7).

The likelihood of untreated systems providing
acceptable water is remote. Contamination in DUWLs is
dependent on a number of factors like the quality of input water,
handling of reservoir bottles, effectiveness of anti-retraction
devices, sterilization of hand pieces, build-up of biofilms which
in turn is dependent on number of factors including the number
of patients treated, oral status of these patients and the life of the
tubings. Hence a single solution for decontaminating dental unit
waterlines cannot be recommended.

Conclusion:Chlorine dioxide disinfectant is effective in removal
of biofilms from dental unit waterlines.Use of the disinfectant at
least once in 15 days is necessary to prevent recontamination.
Regular disinfection is a necessary protocol that should be
followed in every clinical setting so as to provide a safe working
environment for both patients and the dental staff
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