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Abstract

Introduction and objective: Contamination of the water used in health care
units can induce adverse individual and collective consequences. The ob-
jective of this study was to evaluate the water quality in dental clinics of a
dentistry program of a university in Brazil, calculating the total coliforms,
thermotolerant coliforms, heterotrophic bacteria and pH. Materials and
methods: In each clinic, water samples were collected for analysis at di-
fferent points: external cistern, clinic faucet, dental chair tank and triple
syringe. After sample collection, analysis was performed: the presence of
total coliforms and thermotolerant coliforms was determined by chromo-
genic substrate technigue, the presence or absence of Escherichia coli by
fluorescence in ultraviolet light, the count of heterotrophic bacteria through
the number of colonies and the determination of pH. Results: In all studied
sites, the presence of total coliforms, Escherichia coli and thermotolerant
coliforms was observed in at least 26% of the samples. In relation to CFU / ml,
all mean values were much higher than the maximum established by le-
gislation (500 CFU / ml). It was verified a statistically significant difference
was found in the external cistern and tap when compared to the chair tank
and triple syringe (p < 0.05). All pH samples were within the standards.
Conclusion: The global analysis showed that 100% of the samples were
inadequate, which classified the water potability as nonstandard in regard
to the current Brazilian legislation.
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Introduccién y objetivo: La contaminacién del agua utilizada en las unidades de salud
puede inducir malas consecuencias individuales y colectivas. El objetivo de esta inves-
tigacion fue evaluar la calidad del agua en clinicas odontolégicas de una universidad en
Brasil, a través del analisis de coliformes totales, coliformes termotolerantes, bacterias
heterotroficas y pH. Materiales y métodos: En cada clinica, las muestras de agua fueron
recolectadas para analisis en diferentes puntos: cisterna externa, grifo clinico, reserva-
torio de la silla odontolégicay jeringa triplice. Después de la recoleccién de las muestras,
el analisis fue realizado: la presencia de coliformes totales y coliformes termotolerantes
fue determinada por la técnica del sustrato cromogénico; la presencia o ausencia de
Escherichia coli por fluorescencia en luz ultravioleta; el recuento de bacterias hetero-
tréficas a través del numero de colonias y de la determinacion del pH. Resultados: En
todos los puntos estudiados, se observo la presencia de coliformes totales, Escherichia
coli y coliformes termotolerantes en al menos el 26% de las muestras. Respecto a la
UFC / ml, todos los valores medios fueron muy superiores al maximo establecido por
la legislacion (500 UFC / ml). Todas las muestras de pH estaban dentro de los patrones.
Conclusion: El analisis global mostré que el 100% de las muestras fueron inadecuadas,
lo que clasifico la capacidad de agua como fuera del estandar en relacién a la legislacién

brasilena actual.

Palabras clave: contaminacion, odontologia, consultorios odontolégicos, agua.

Introducao e objetivo: A contaminacao da dgua utilizada nas unidades de saude pode
induzir consequéncias adversas individuais e coletivas. O objetivo deste estudo foi
avaliar a qualidade da agua em clinicas odontoldgicas de um curso de odontologia de
uma universidade no Brasil, através da analise de coliformes totais, coliformes ter-
motolerantes, bactérias heterotréficas e pH. Materiais e métodos: Em cada clinica,
amostras de agua foram coletadas para analise em diferentes pontos: cisterna ex-
terna, torneira clinica, reservatério da cadeira odontoldgica e seringa triplice. Apés
a coleta das amostras, a analise foi realizada: a presenca de coliformes totais e
coliformes termotolerantes foi determinada pela técnica do substrato cromogénico;
a presenca ou auséncia de Escherichia coli por fluorescéncia em luz ultravioleta; a
contagem de bactérias heterotréficas através do nimero de colénias e a determi-
nacao de pH. Resultados: Em todos os pontos estudados, a presenca de coliformes
totais, Escherichia coli e coliformes termotolerantes foi observada em pelo menos
26% das amostras. Em relacao a UFC/ml, todos os valores médios foram muito su-
periores ao maximo estabelecido pela legislacao (500 UFC/ml). Todas as amostras
de pH estavam dentro dos padroes. Conclusao: A analise global mostrou que 100%
das amostras foram inadequadas, o que classificou a capacidade de dgua como fora

do padrao em relacao a legislacao brasileira atual.

Palavras Chave: contaminagao, odontologia, consultérios odontoldgicos, agua.

Introduction

In dental practice, water is often used in many clinical procedures performed in the
oral cavity, from prophylaxis to more invasive periodontal procedures. In this sense,
water contamination presents risks to both the dental surgeon and the patient, which
may lead to the development of opportunistic infections and pose a great threat to

health (1,2).
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The water systems of dental equipment have their own characteristics, such as a
tank and pipes built with plastic materials, reduced diameter of pipes and microsco-
pic imperfections on their internal surfaces. These factors facilitate the development
of microorganisms within them (3). In this way, formation of a bacterial film (biofilm)
can occur, covering all the interior surfaces of these small plastic pipes. This layer
eventually becomes a reservoir of organic matter rich in polysaccharides and gly-
coproteins, providing nutrients and protection for the development of a wide variety
of microorganisms. Pseudomonas, Legionella and Nontuberculosis mycobacteria are
often detected in water lines and can pose a significant and dangerous threat of
cross-infection (4-8).

The essential instruments used by the dental surgeon include the triple syringe,
which contains water and air for washing and rinsing the patients’ oral cavities, and
rotating instruments, which, with several tools for adaptation (drills, brushes), are
used in most dental specialities, ranging from simple prophylaxis to osteotomies
during a surgical procedure (9).

Contamination of piping in dental equipment can occur because of suction of mi-
croorganisms from the patients’ oral microbiota into the tubing or, most likely, such
studies exist, they are not epidemiologically representative or take into account du-
bious and/or outdated methods. Thus, diagnosing the current water condition used
in oral health care is fundamental for both the planning and execution of measures
aimed at controlling water quality in outpatient dental centres. The objective of this
work was to evaluate the water quality in the teaching clinics of the dentistry pro-
gram of a Brazilian university through the research of coliforms, Escherichia coli,
heterotrophic bacteria and pH.

Materials and methods

The water quality was evaluated using methodologies for microbiological (total and
thermotolerant coliforms, Escherichia coli, heterotrophic bacteria) and physical (pH)
analysis. These analyses were performed at the laboratories of the Antibiotics Depart-
ment of the Biological Sciences Center of a Brazilian University. Regardless of the
methodology used, the activities were performed in two phases: one in the field (in
situ) and another in the laboratory (ex situ).

For each teaching clinic, water samples were collected for analysis at four different
points: 1- storage tank of the water coming from the supply network (water box or
cistern); 2- internal network of the health unit, in the faucet inside the dental clinic;
3- water stored in the reservoir of the dental equipment; 4- triple syringe of the den-
tal equipment. At each teaching clinic, a random sample of at least 15% of the dental
work units (clinical equipment) was selected for the tests.

Before collecting the water samples, the collection points (faucet, reservoir and triple
syringe) were cleaned using 70% alcohol. Then, the faucet or triple syringe was
actuated for at least one minute, so that a continuous flow of water could occur.
At this stage, the operator was equipped with the necessary personal protective
equipment to avoid any kind of contamination. Samples were collected directly in
sterilized glass containers with a capacity of 100 ml of liquid, with 0.017 ml of sodium
thiosulphate, later identified, stored in a refrigerated unit. All samples had their data
recorded on a collection sheet.


http://revistas.ces.edu.co/index.php/odontologia

Barbosa-de-Souza F, Pimentel-Malta F, Valadares-de-Souza-Brandao M, Farias-da-Silva AC, Ribeiro-Ribas B, et al. 0 DONTOLOGIA

Julio - Diciembre 2020 - Pag 5

The analysis of total and thermotolerant coliforms, Escherichia coli, heterotrophic
bacteria and pH were carried out in accordance with current ordinance 2914/2011
of the Ministry of Health (10), which establishes the potability standard for water
intended for human consumption. A chromogenic substrate technique was used for
the bacteriological analysis that was used to investigate coliforms. The inoculation
was done directly into the sample vessel by adding a sufficient ampoule of culture
medium (ReadyCult®) to 100 ml of water. After this step, the sample was homogenized
and stored in a bacteriological incubator for 24 h to 48 h at a temperature of 37 °C. This
substrate, when associated with enzymes produced by the bacteria, offers a specific
colouration for the sample, allowing its reading. In the cases of confirmation for
coliforms, the samples that showed fluorescence in the presence of ultraviolet light
obtained a positive result for coliforms and also for Escherichia coli simultaneously.

The analysis of heterotrophic bacteria was performed by determining the number of
colonies in plaques (colonies developed in Petri dishes with agar medium). For plate
count assays, in addition to the inoculation of the original sample, decimal dilutions
were made (1/10; 1/100). From each dilution, 1 ml was transferred to a sterile Petri
dish, to which was added 10 to 15 ml of plate count agar medium (PCA) that had
been melted and cooled to between 42 and 45° C. The plate was stirred by circular
movements in both directions and also by two perpendicular diameters, avoiding
dirtying the cover. After solidification, each plate was incubated at 37 °C for 24 h.
After incubation, colony forming units per ml (CFU/ml) were counted using a Quebec
colony counter. The recorded final results were the mean number of CFU/ml in the
plates versus reciprocal dilution.

The pH determination was done electronically, using a potentiometer and electrodes
inserted in 100 ml of the sample. The principle of electrometric pH measurement
is the determination of the ionic activity of hydrogen using the standard hydrogen
electrode, which consists of a platinum stem on which the hydrogen gas flows at a
pressure of 101 kPa.

The statistical data were obtained through SPSS (Statistical Package for the Social
Sciences) software, version 21. The data were statistically significant and inferential
for a level of significance of a = 0.05 (5%).

Results

To characterize the water quality of the dentistry clinics at the Brazilian university,
196 analyses were carried out, whose results were evaluated based on Ordinance
2914 of the Ministry of Health (10). Water used to perform dental care for patients
was outside of the standards in all teaching clinics, regardless of the parameter
studied. Although some samples showed results within the desired standard, the
analysis always showed unfavourable results in some of the criteria.

Tables 1 and 2 show the results regarding the presence of coliforms and Escherichia
coli, which were identified in 46.9% and 36.9% of the studied samples, respectively.
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Table 1. Evaluation of the coliform research according to the collection site.

Collection Site

External Clinic Dental Triple

Coliforms Tank Faucet Chair Tank Syringe Total Group p Value
n % n % n % n % n %

Present 4 1000 7 467 8 533 4 267 23 469 p"=0.067

Absent 0 0.0 8 53.3 7 467 11 733 26 531

TOTAL 4 100.0 15 100.0 15 100.0 15 100.0 49 100.0

(1): Using Fisher's exact test.

Table 2. Evaluation of the Escherichia coli survey according to the collection site.

Collection Site
Dental Chair

External Clinic Triple

E. coli Tank Faucet Tank Syringe Total Group p Value
n % n % n % n % n %

Present 4 1000 5 333 6 40.0 4 26.7 19 38.8 p"'=10.080

Absent 0 0.0 10 66.7 9 60.0 11 73.3 30 61.2

TOTAL 4 1000 15 1000 15 1000 4 100.0 49 1000

(1): Using Fisher's exact test.

Regarding the heterotrophic bacteria count, when considering the overall results,
mean values were much higher than the maximum established by the ordinance
(500 CFU/ml). Table 3 shows the results from the bacterial count in the analysed
sites and the decimal logarithm of the number used for the comparative statistical
test between the sites.

Table 3. Arithmetic mean, standard deviation and median of the number and decimal
logarithm of the number of heterotrophic bacteria according to the analysed site.

Collection Site

Variable External Tank  Clinic Faucet Dental Chair Tank Triple Syringe p Value
Mean £ SD Mean = SD Mean = SD Mean + SD
(Median) (Median) (Median) (Median)
16.250.00 111.750.00 147.890.00 + 708.836.67 +
N° of colonies +5.125.29 244.578.84 211.677.83 1.442.209.13
(15.850.00) (9.450.00) (65.500.00) (148.500.00)
Logarithm of n° 4190149 405+1.05W 4.58 + 0.94 B0 5.06+0.97® M <0.001*
(bacteria + 1) (4.20) (3.97) (4.82) (5.17) pr=s

(*): Significant difference to 5%. (1): Kruskal-Wallis test with comparisons of said test. Note: If all the letters in parentheses are different, a significant difference is verified between
the corresponding collection sites.

In the pH evaluation, although statistically significant differences between the values
obtained were identified, all the samples were within the standards required by the
legislation (Table 4).
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Table 4. Arithmetic mean, standard deviation and pH median according
to the collection site.

Collection Site

External Tank Clinic Faucet Dental Chair Tank Triple Syringe
AM + SD (Median) AM £ SD (Median)  AM * SD (Median)  AM % SD (Median)

719 +0.20(7.26)W 7.21+0.18(7.18)"W 7.57 +0.25(7.56)® 7.59+0.19 (7.56)® p™<0.001*

p Value

(%): Significant difference to 5%.
(1): Through the Kruskal-Wallis test with comparisons of said test.
Note: If all the letters in parentheses are different, a significant difference is verified between the corresponding collection sites

Discussion

The water used in the studied school clinics comes from the supply network, which
theoretically should be within the standards required by law. Thus, in order to de-
termine its quality, it is necessary to evaluate the different places through which the
water passes to reach the patients’ oral cavities. This route begins in the external
storage reservoirs (water tank and cistern), arriving at the internal faucets of the
clinical environment, from where the water is extracted for supplying the equipment
reservoir, until culminating with its exit through the triple syringe. This trajectory
justifies the collection points in this study, which were similar to those in the work of
(11), a similar study.

In Brazil, the microbiological quality of the water follows the standards defined by
ordinance number 2914 of the Ministry of Health (10,12). This standard states that
water for human consumption must be free of Escherichia coli or thermotolerant coli-
forms and have a positivity of up to 5% for total coliforms (12). In this sense, an alar-
ming result was observed regarding contamination in the studied clinics, with 46.9% of
the samples identified as positive for total and thermotolerant coliforms (Table 1) and
38.8% positive for Escherichia coli (Table 2). Statistical analysis showed that there was
no significant difference between the collection sites (p > 0.05), evidencing that the
contamination remained constant throughout the route. The presence of Escherichia
coli is extremely worrying since this microorganism can cause simple gastroenteritis
or progress to lethal cases, especially in children, elderly, pregnant women and immu-
nosuppressed patients (13).

The analysis of heterotrophic bacteria showed equally worrisome results, which ex-
ceeded by more than 1900% the standard established by ministerial regulations
(Table 3). Statistical analysis showed that the mean CFU/mL of the external tank and
tap differed statistically from those observed in the dental chair tank and the triple
syringe. These differences showed that the contamination increased considerably
from the first collection point (16,250.00 CFU/ml) to the exit of the triple syringe
(708,836.67 CFU/ml). Similar results were obtained by Xavier et al (14).

When analysing the results according to the collection site, in the external reservoirs
of water storage, the high contamination rates may be explained by the following
reasons: lack of adequate protection and exposure of the water to the environment,
lack of specific insulation in place, type of water supply coming from a station of the
university and/or lack of control of the amount of chlorine in the tank. In this last
aspect, a minimum of 0.2 mg/L of free residual chlorine or 2 mg/L of combined re-
sidual chlorine or 0.2 mg/L of chlorine dioxide over the entire system of distribution
is required (10).
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Contamination in the taps could be explained by the structural quality of the water
pipes. Due to the fact that the installation was old, there may be internal imperfec-
tions, which serve as a means of greater fixation of microorganisms. The bacteria
that have contaminated these pipes can come from sources such as a water supply
outside of potability standards and water cisterns without maintenance (15-17).

The reservoirs of the dental equipment, in turn, also exhibited a great amount of
contamination (Tables 1, 2 and 3), which may have been a reflection of negligence
in relation to the application of biosafety conduits. It was identified that the majo-
rity of the students did not remove the water from the reservoirs after the clinical
appointments, causing the water to remain in the container for a long time, providing
favourable conditions for the multiplication of microorganisms.

High levels of contamination in the triple syringe were also observed in other studies
carried out in teaching clinics (7,18), serving as evidence of an increasing contami-
nation flow (cistern-faucet-reservoir-triple syringe) in which the water is already
contaminated from the external reservoir. This phenomenon occurs due to the de-
sign/geometry of the water distribution system of the equipment, which consists of
pipes 10.0 m in length and 0.5 to 1.0 mm in diameter. Thus, the area available for
biofilm development in the hose is very large (19,20).

There is also the risk of a backflow of microorganisms from the oral cavity into the tu-
bing and consequent formation or increase of the microbial biofilm. These bacteria are
resistant to disinfectants, affecting mainly immunocompromised patients, who can
develop hepatitis B or tuberculosis, among other infectious diseases (21). Infectious
diseases associated with this biofilm in the water lines usually affect the respiratory
tract and are the result of contamination by Legionella pneumophila, Pseudomonas
aeruginosa or Mycobacterium, microorganisms with high fatality rates when present
in immunocompromised individuals (22).

The quantity of heterotrophic bacteria represents the main indicator related to water
quality in the dental environment. In Europe, the limit is 100 CFU/ml, and in the United
States, it is 500 CFU/mLl (23). These parameters take into account the legislation of
each country for water quality for human consumption since this reference would
be enough to allow microbiological safety for water used in non-invasive dental pro-
cedures. Despite the limit in the United States, the American Dental Academy (ADA)
launched a challenge and recommended that the level of bacterial contamination
in the waters of dental equipment should not exceed 200 CFU/ml by the year 2000
(24,25).

According to Brazil (26), pH changes can have natural (dissolution of rocks, photosyn-
thesis) or anthropogenic (domestic and industrial releases origin. In supply waters,
low pH values can contribute to corrosiveness and aggressiveness, while high va-
lues increase the possibility of incrustation. However, when analysing the pH of the
water of the collected samples, it was verified that all were within the standards of
potability (Table 4).

At the institution in question, until the beginning of 2015, there was no control of the
water used by the users of the teaching clinics, which could explain the high levels of
contamination found. Regular monitoring of microbial contamination as well as the
use of various water treatment procedures available for disinfection of dental units is
required (27). Some measures can be taken to obtain better water quality at teaching
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clinics, such as using sterile water (28) or at least distilled water in the reservoirs;
using autoclaved handpieces primarily in surgical procedures; washing and disin-
fecting handpieces; making handpieces’ water flow for 30 seconds between the pro-
cedures, as well as at the beginning and end of the day, reducing the bacterial flora
in the lumen of the hoses; emptying the water tank after the day of care; using 1%
sodium hypochlorite associated with distilled water or buffered water in the reser-
voirs; greater supervision of the university’'s water supply; and guiding students to
implement biosafety measures. Additionally, there is still the possibility of using fil-

ters to protect the pipes and reservoirs against external contamination (29).

In general, professionals are not aware of the risks related to contaminated water.
Despite this, 68% of them knew that the development of biofilm in water lines was
a real risk to their users (30). Thus, although current dentists are much more infor-
med and aware of the need to use sterilization, disinfection and biosafety methods in
dentistry (19), less attention has been paid to the microbiological quality of the water

that is used by these professionals in their clinical procedures (31).

Therefore, the results obtained in this investigation served as a basis for the insta-
[lation of water control measures for the dental equipment of the teaching clinics of
the university's dentistry program. One of these measures was the installation of a
water deionizer, which makes the water more pure and free of mineral salts. Thus,
students will use deionized water in the reservoir with the addition of a sodium
hypochlorite solution, according to the guidance of the National Sanitary Surveillance
Agency, a Brazilian agency responsible for regulating products and services related

to population health (32).

Conclusion

The water quality of all clinics at the school of dentistry of the university was outside
of the potability standards in force in Brazil. Thus, the quality of the water is com-
promised and can serve as a means of disseminating microorganisms capable of
generating opportunistic infections within the users of the service. Faced with this
fact, it is urgent to analyse the factors involved in order to solve the flaws and allow

the adoption of biosafe practices in the water management of the studied sectors.
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