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Abstract: Groundwater is often used as a primary resource by those who have boreholes inside
their properties; however, this has caused concerns among health professionals. This water may
contain microorganisms or substances that are harmful. The main objective of this study was to
microbiologically analyse the quality of the water coming from boreholes in the village of Santo
Ovidio, Setubal, by searching for bacteria that indicate faecal contamination, —such as total and
faecal coliforms, Escherichia coli, faecal Enterococci, Clostridium and Pseudomonas aeruginosa—and
quantifying them via the membrane filtration method. The research method was a quantitative,
simple, descriptive, level I study with a sample size of 20 participants. It was found that 60% of the
samples contained at least one of these microorganisms.
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1. Introduction

The presence of local sanitation systems, human activity, urbanization, industrializa-
tion, and sewage makes groundwater vulnerable to contamination by organisms. Popula-
tions who have boreholes or wells often use groundwater as their main source of water.
Many people assume water is safe to drink because it looks good and is crystal clear. How-
ever, this water may contain microorganisms or substances harmful to human health and
be unsuitable for human consumption. The transmission of diseases through water mainly
involves the faecal-oral route. To protect and preserve water quality, and therefore public
health, it is essential to perform physicochemical, microbiological, and ecotoxicological
analyses of water.

Escherichia coli (E. coli) and other faecal coliforms are used as the health parameters for
monitoring water quality. Coliforms include all aerobic and facultative anaerobic organisms,
as well as Gram-negative, non-sporulated, and rod-shaped bacteria, which ferment lactose
with gas formation. Within the group of total coliforms, a subgroup of thermotolerant
coliforms can be observed. These are the ones that indicate faecal pollution since they
are restricted to the gastrointestinal tract. These are characterized by the presence of the
enzymes {3-D-galactosidase and 3-glucuronidase and the ability to ferment lactose and
mannitol with gas production, in a medium containing bile salts or other surfactants [1].
Within the thermotolerant coliforms, E. coli is the microorganism considered to be the
best indicator of faecal contamination. The Chromogenic Coliform Agar medium is used
for the isolation and identification of all these microorganisms, producing pink colonies
for non-faecal coliforms and blue colonies for faecal coliforms [2]. Other bacteria, such
as Pseudomonas aeruginosa (P. aeruginosa) and Enterococci can also be isolated in water.
P. aeruginosa is Gram-negative aerobic that is non-sporulated and positive for catalase and
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oxidase. In CN Agar medium, it produces greenish-coloured fluorescent colonies due to
the production of the pigments, pyoverdine and pyocyanin [2,3]. Faecal Enterococci are
non-spore-forming, facultative anaerobes and are negative for catalase and oxidase [4]. The
selective medium used for its isolation is Slanetz and Bartley agar. This is based on the
ability of this bacterium to reduce TTC (2,3,5-triphenyl tetrazolium chloride—colourless
dye) to formazin, which leads to typical dark pink to red colonies [2,4]. Another Gram-
positive bacterium present in the intestinal tract is Clostridium perfringens (C. perfringens).
This bacillus is a strict anaerobe and is the most important sulfite-reducing bacteria within
the genus Clostridium, forming heat-resistant spores. C. perfrigens does not multiply in
aquatic environments, but its spores can survive in water for months and, consequently,
its presence may indicate long-term faecal pollution [2,5]. The medium used to detect it is
Tryptone—sulfite—cycloserine. The anaerobic sulfite-reducing spores of the bacterium can
reduce the sulfite in the medium to sulphide, which in turn reacts with the ferric salt of the
medium, thus producing black colonies [2,3].

The International Organization for Standardization is responsible for establishing
international standards known as ISO standards for the purpose of improving quality.
There is an ISO standard for each surveyed microorganism. The method of choice for the
research of each microorganism is the membrane filtration method. To confirm the presence
of specific microorganisms in each medium, biochemical confirmation tests were performed,
such as the use of Hajna Kliger medium, as well as catalase and oxidase tests. The Hajna
Kliger medium is used for the confirmation and identification of Enterobacteriaceae. This
medium allows can differentiate between dextrose- lactose and/or sucrose-fermenting
bacteria and detect hydrogen sulfide and gas production. The catalase test is used to
evaluate the presence of the enzyme, catalase [6]. Catalase is present in most aerobic
and facultative anaerobic bacteria. The presence of this enzyme makes it possible to
differentiate microorganisms of the genus Staphylococcus spp. (catalase-positive) from other
non-catalase-producing Gram-positive cocci. The oxidase test allows the presence of the
cytochrome, oxidase enzyme, to be determined. The oxidase test is extremely important for
differentiating between Enterobacteriaceae and Pseudomonas [2,4,7].

2. Materials and Methods

The main objective of the present study was to microbiologically analyse the quality
of water coming from boreholes in the locality of Santo Ovidio, Setubal. This was carried
out through a microbiological analysis of 20 water samples from boreholes belonging to
study participants, who were previously informed about the study via leaflets. As a proce-
dure, samples were collected in sterile containers and kept refrigerated until they reached
the laboratory. Microbiological analysis was performed within 24 h of collection. Then,
100 mL was filtered for each analysis/quantification. Filtration was carried out through a
membrane filter using a vacuum pump. After filtration, the filters were transferred to the
appropriate culture medium. Subsequently, additional confirmation tests were performed.
According to the variables, the sample, and the objectives of the study, no statistical tests
were used; only a simple statistical analysis was performed using SPSS. The results are
organized in tables and circle graphs.

3. Results

The obtained results are shown in Table 1. Figure 1 shows a pie chart with the total
number of samples that tested positive for at least one of the investigated bacteria. These
samples (60%of the total) were considered contaminated.

Table 2 shows the percentages of all microorganisms found in the tested samples.
As there were poly-contaminated samples, the total number of positives in the study
represented in this table is higher than 20 (total number of samples).
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Table 1. The number of colonies present in each sample.

Samples Total Coliforms Faecal Coliforms Intestinal Pseudomonas Clostridium

/Bacteria (E. coli) Enterococci aeruginosa Sulfite-Reducing
S01 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
502 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
503 1 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
504 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 19 UFC/100 mL
505 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 1 UFC/100 mL
506 12 UFC/100 mL 2 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
507 >100 UFC/100 mL 6 UFC/100 mL 18 UFC/100 mL 5 UFC/200mL 1 UFC/100 mL
508 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
509 >100 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 100 UFC/100 mL
5010 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
5011 >100 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 40 UFC/100 mL
5012 >100 UFC/100 mL 68 UFC/100 mL 2 UFC/100 mL 0 UFC/200mL >100 UFC/mL
5013 101 UFC/100 mL 1 UFC/100 mL 1 UFC/100 mL 0 UFC/200mL 40 UFC/100 mL
5014 >100 UFC/100 mL 15 UFC/100 mL 13 UFC/100 mL 104 UFC/200mL 20 UFC/100 mL
5015 30 UFC/100 mL 1 UFC/100 mL 1 UFC/100 mL 0 UFC/200mL 15 UFC/100 mL
5016 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL >15 UFC/mL
5017 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
5018 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
5019 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
5020 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL

Table 2. Percentages of all microorganisms found in the tested samples.

Positive
N Percentage
Total Coliforms 9 28.1%
Faecal Coliforms/E. coli 6 18.8%
Bacterium Enterococci 5 15.6%
Pseudomonas 2 6.3%
Sulphite Reducing Clostridium 10 31.3%
Total positive samples in the study 32 100.0%

Contaminated Samples

Figure 1. Percentages of contaminated samples vs. non-contaminated samples.

4. Discussion

The objective of this study was to access if the water derived from boreholes was of
good microbial quality. Contamination by bacteria was observed in 60% of the samples. The
analysis of the positive samples revealed the presence of different bacteria: total coliforms
(28.1%), E. coli (18.8%), Enterococci (15.6%), Pseudomonas (6.3%), and Clostridium (31.3%) were
the most common. All of these results were confirmed by biochemical tests and validated
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by controls. The study confirms that some waters are highly contaminated, presenting all
the bacteria investigated as observed in SO07 and SO14. Only SO19 did not present any
microorganisms; however, we cannot confirm good microbiological water quality, since not
all microorganisms were investigated. All samples that were positive for all investigated
bacteria ended up exceeding the bacterial limits permitted by law, which states that these
microorganisms should not be present in groundwater.

5. Conclusions

Considering that residents are senior citizens (a more vulnerable population) and
the safety of groundwater was not confirmed, consuming this contaminated water could
increase health problems. An alert was given to the population in danger of consuming
water from untreated boreholes, and they were informed of all the obtained results. With
this study, we hope to provide a starting point for future studies to address this topic in
more locations and with a larger sample, contributing to the safer use of groundwater.
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