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Shelf life of bottled water - field conditions in Hungary

RITA MOLNAR - JUDIT MOLNAR - DORA BEKE - BENDEGUZ PAPP - RAJMUND KUTI

Summary

Professional soldiers and firefighters are deployed to deal with the consequences of various disasters, where their supply
is carried out under field conditions. This study investigated whether improperly stored bottled drinking water can
change its quality and pose a biological hazard. Microbiological quality of 20 samples of bottled mineral water produced
in Hungary, including 10 uncarbonated, 5 carbonated and 5 flavoured mineral water samples, was investigated under
field conditions. Culturable microorganisms were enumerated by ISO 6222:1999; coliforms and Escherichia coli by
ISO 9308-1:2000; Pseudomonas aeruginosa by ISO 16266:2006; Enterococcus spp. by ISO 7899-2:2000; and Clostridium
perfringens by ISO 14189:2013. In six cases among uncarbonated water samples, the aerobic colony counts exceeded
the standard value. Furthermore, coliforms and P, aeruginosa were detected in three cases. However, in carbonated and
flavoured mineral water, no samples of unacceptable bacteriological quality were observed, as their pH value was sig-
nificantly lower and that probably did not favour proliferation of bacteria. Due to their acidic condition, carbonated and
flavoured mineral water appears to be less vulnerable to microbiological contamination under field conditions. During
flood damage remediation, it is advisable to perform the supply of intervention units with carbonated and flavoured
mineral water to avoid infection.
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Although natural mineral waters have been
consumed since Roman times, only the 20th cen-
tury has seen emergence of the natural mineral
water industry and drinking of these products on
a large scale as an alternative to tap water and
non-alcoholic beverages [1]. Professional soldiers,
firefighters, emergency managers, members of
non-governmental organizations and volunteers
who carry out field-based remediation tasks are
increasingly confronted with biological hazards
during disaster relief, in particular during flood
remedies [2-4]. Floods in Hungary are fairly
common [5, 6] and, according to the practical
experience of the authors, it is obvious that the
activities, including restoration, can last several
weeks, during which food and drinking water must
be provided in place. Previously, several papers

investigated the aspects of field conditions in sup-
ply management [7-12] as well as microbiological
analysis of bottled drinking water [13-15]. Our
present study was placed at the intersection of
these two topics, as we examined bottled drinking
water under field conditions.

The concept of natural mineral water is defined
by Directive 2009/54/EC [16] as microbiologically
wholesome water originating in an underground
water table or deposit, and emerging from a spring
tapped from one or more natural or bore exits. It
may not be subjected to any treatment aside from
the separation of unstable constituents and the
elimination, introduction or re-introduction of
carbon dioxide. Any treatment likely to change
the viable colony counts of the natural mineral
water is strongly prohibited. The total colony
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counts, often referred to as heterotrophic plate
counts (HPC), measured within 12 h after bottling,
should not exceed 100 CFU-ml-! after incubation
for 72 h at 20-22 °C, and 20 CFU-ml-! after 24 h
at 37 °C. Directive 2009/54/EC [16] also specifies
three conditions that during marketing, natural
mineral water shall be free from (a) parasites and
pathogenic microorganisms, (b) Pseudomonas ae-
ruginosa, enterococci, Escherichia coli and other
coliforms in any 250 ml sample examined, and
(c) sporulating sulfite-reducing anaerobes in any
50 ml sample examined.

Hungary is rich in mineral and spring waters
[17], as well as the country’s national supply chain
is secured continuously [18]. The consumption of
bottled mineral water and other drinking water is
increasing year by year, confirming the importance
of our research. Most of these waters are commer-
cially available in bottled form, but in recent years
they are most commonly available in polyethylene
terephthalate (PET) bottles. Even during flood
protection, PET bottled water is transported to
the units in most cases. That is why we used these
for our research subjects.

Due to the limitations of the present research,
the entire supply chain could not be investigat-
ed, so only the biological risks of drinking water
supply were addressed. During recent remedia-
tion, we observed that the supply of drinking water
for the units was performed via bottled drinking
water, mineral water and flavoured drinking water
(hereinafter referred as “drinking water”). Bottled
drinking water is a special foodstuff with guaran-
teed quality. Only mineral water or spring water
can be bottled, which has been officially certified
by the competent authority of the country of origin
based on test results [19]. In addition, even manu-
facturing companies guarantee quality consistency
through their own chemical, analytical and biologi-
cal assays. It is obvious that these bottled drinking
waters are stored in open areas for a shorter or
longer period before being placed on the market,
exposed to weather conditions. During disaster
relief, such as flood protection, storage also takes
place in an open area where temperature fluctua-
tions (in particular in summer) and varying inten-
sity of sunlight can trigger changes in the quality
of drinking water [13, 20]. Among these changes,
only microbiological factors are investigated for
bottled drinking water that we selected from the
commercial traffic. The examined parameters
were determined according to the applicable Hun-
garian legislation and standards [21]. The major
factors and practices that influence the changes
in microbial populations and contamination of
bottled mineral waters are well studied and un-
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derstood. In addition, the current legislation in
Hungary and in most European countries requires
that food business operators put in place, imple-
ment and maintain a permanent procedure or pro-
cedure based on the principles of hazard analysis
and critical control points (HACCP).

MATERIALS AND METHODS

Samples

The investigated PET-bottled water was bought
in grocery stores in Hungary, choosing the brands
that are mostly supplied during the flood con-
trol. A total of 20 samples were taken, including
10 non-carbonated, 5 carbonated and 5 flavoured
drinking water. As a first step, the bottled drink-
ing water was stored in an open area for a period
of 2 weeks under field conditions. We have paid
attention to testing all bottles before the expira-
tion date specified by the manufacturer. Prior to
microbiological testing, each sample was num-
bered, non-carbonated drinking water with 1-10,
carbonated drinking water with 11-15, and fla-
voured drinking water with 16-20.

pH measurement

The pH value was measured using a certified
WTW 3430 Sen Tix 940-3 type measuring equip-
ment (Aktivit, Budapest, Hungary).

Microbiological analysis

Our microbiological tests were carried out in
the accredited water testing laboratory of Pannon
Viz (Gyé6r, Hungary). We examined the micro-
biological parameters determined in the Ministe-
rial decree No. 65/2004 (IV.27.) [22] on the rules
of bottling and marketing of natural mineral wa-
ter, spring water, drinking water, drinking water
enriched with minerals and flavoured water, and
in Government decree No. 201/2001 (X.25.) [21]
on drinking water quality requirements and in-
spection procedures. Microbiological test para-
meters and permitted limits are shown in Tab. 1.
It should be noted that the aerobic and anaerobic
colony counts determined at 22 °C and 37 °C are
applicable to samples taken and tested 12 h after
bottling. The other limits apply throughout the en-
tire products shelf life. All laboratory tests were
performed according to the requirements of the
relevant standardization.

Culturable microorganisms were enumerated
according to ISO 6222:1999 [23]. Coliforms and
Escherichia coli were enumerated according to
ISO 9308-1:2000 [24]. Pseudomonas aeruginosa
was enumerated according to ISO 16266:2006
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[25]. Enterococci was enumerated according to
ISO 7899-2:2000 [26]. Clostridium perfringens was
enumerated according to ISO 14189:2013 [27]. For
filtering, a 0.22 um pore diameter EZ-HAWG 474
membrane filter (Merck, Darmstadt, Germany)
was used. All culture media used in microbiologi-
cal analyses were from Biolab, Budapest, Hungary.

RESULTS AND DISCUSSION

Data on pH values of the samples are shown
in Tab. 2. Reviewing them, it can be seen that the
values of non-carbonated drinking water were
around 7, of carbonated drinking water around 4
and of flavoured drinking water between 3 and 4.

The numbers of bacteriologically unaccept-
able samples among non-carbonated drinking
water samples are summarized in Tab. 3. It can
be observed that the aerobic colony counts were
unfavourable. Of the 10 non-carbonated drink-
ing water samples tested, six were found to have
exceeded the permissible level of psychrophilic
aerobic colony counts. Six samples did not com-
ply with legal requirements regarding mesophilic
aerobic colony counts. Coliforms were detected in
two samples and P aeruginosa in one sample. En-
terococci, E. coli and mesophilic sulfite-reducing
bacteria were not present in any of the samples.
In the case of non-carbonated drinking water sam-
ples analysed, 60 % were non-compliant. For some
microbiological tests, the sum of the values shown
did not equal the total number of hygienically non-
compliant samples because there were samples
for which several test parameters were objected.
Tab. 4 summarizes the results of the microbiologi-
cal tests for non-carbonated water.

Analysing the results, it can be stated that in
total 6 samples developed bacteria during the in-
cubation period.

The test results for carbonated drinking water
are given in Tab. 3. The bacteriological quality of
carbonated drinking water was 100 % compliant
with the legal requirements. This was probably
due to the fact that the bacteria do not develop in
an acidic medium. This was also supported by the
pH values shown in Tab. 2.

The results of microbiological analysis of the
flavoured drinking water samples are shown in
Tab. 3. These also had significantly better hygienic
quality than the non-carbonated drinking water.
Each of the five samples examined complied with
the legal requirements. This result can also be ex-
plained by the fact that the tested bacteria do not
proliferate at low pH of the medium, which was
formed by the substances added to the natural

Tab. 1. Microbiological test parameters
and permitted limits [21, 22].

Microbiological parameter Aig?:pljt.eﬂl!:r]mt
Aerobic colony count at 22 °C 100
Aerobic colony count at 37 °C 20
Coliform bacteria 0*
Enterococcus spp. 0*
Escherichia coli 0*
Pseudomonas aeruginosa o*
Mesophilic sulfite-reducing clostridia 0*
Parasitic and pathogenic microbes 0

* — Presence of bacteria is tested in 250 ml (mesophilic
sulfite-reducing clostridia in 50 ml).

mineral water (e.g. sweeteners, citric acid, preser-
vatives, texturizing agents, artificial dyes). The pH
values of flavoured drinking water were in many
cases lower than the pH values of carbonated
drinking water (Tab. 2).

It can be concluded that 60 % of the non-car-
bonated drinking water tested did not meet the
criteria prescribed by the relevant legislation. We
also found that, in most of the samples, high bac-
terial counts posed a quality risk. Storage under

Tab. 2. pH values of tested water samples.

Serial number of the sample pH value
Non-carbonated drinking water
1 7.51
2 7.68
3 7.50
4 7.48
5 7.65
6 7.55
7 7.70
8 7.65
9 7.42
10 7.54
Carbonated drinking water
11 4.02
12 3.96
13 3.90
14 4.10
15 4.25
Flavoured drinking water
16 3.40
17 3.38
18 3.18
19 3.25
20 3.32
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Tab. 3. Drinking water samples of unacceptable bacteriological quality.

Number of samples of unacceptable quality
Microbiological parameter Uncarbonated Carbonated Flavoured
drinking water (n = 10) drinking water (n = 5) drinking water (n = 5)
Aerobic colony count at 22 °C 6 0 0
Aerobic colony count at 37 °C 6 0 0
Coliform bacteria 2 0 0
Enterococcus spp. 0 0 0
Escherichia coli 0 0 0
Pseudomonas aeruginosa 1 0 0
Mesophilic sulfite-reducing clostridia 0 0 0
Sum of unacceptable samples 6 0 0

Tab. 4. Aggregate microbiological test results for non-carbonated drinking water.

Sample 1 2 3 4 5 6 7 8 9 10
Number of colonies at 22 °C [CFU-mlI-1] | > 100 0 >100 | >100 0 >100 | >100 0 0 >100
Number of colonies at 37 °C [CFU-mI-'] | >20 0 >20 | >20 0 >20 | >20 0 0 >20
Presence in sample
Coliform bacteria - - - + - - + _ _ _
Enterococcus spp. - - - - - _ _ _ _ _
Escherichia coli - - - - - - — _ _ _
Pseudomonas aeruginosa - - - - - - + — _ _
Mesophilic sulfite-reducing clostridia - - - - - - - - _ -

Presence of coliform bacteria was detected
detected at Sample 7 in volume of 250 ml.

inappropriate conditions, particularly in sunlight
and at high temperatures, is expected to promote
bacterial growth in bottled, non-carbonated drink-
ing water. This is also supported by the research
conducted in Taiwan [15], which investigated the
microbiological condition of bottled mineral wa-
ter. In that study, total heterotrophic cell counts
were above the legal limit, but no coliforms or
fecal streptococci were detected. The bottled
drinking water was then stored at 25 °C and re-
examined for microbiological status, which re-
vealed that the microbial counts increased rapidly
to 10%-105 CFU ml-! under these conditions. It is
important to note that, according to the Decree
65/2004 (IV.27.) [22], the limit for mesophilic and
psychrophilic aerobic colony counts is for the first
12 h after filling and not for the entire shelf life.
The tested bottled drinking water was commer-
cially available, so the tests could be performed
well after 12 h of filling, so that poor storage con-
ditions played a role in poor quality samples. It is
regrettable that a significant proportion (60 %)
of the bottled non-carbonated drinking water
samples did not comply with current bacteriologi-
cal standards. The most serious problem in the
samples was the high colony counts but, in two
cases, coliforms and, in one, case P, aeruginosa was
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in Sample 4 and Sample 7 in volume of 250 ml, presence of P aeruginosa was

detected. We found that, in contrast to non-car-
bonated mineral water, there was no bacteriologi-
cal difference in carbonated and flavoured mineral
water compared to the legal requirements. Bottled
mineral water may become contaminated with fac-
tory equipment (filters, tanks, pipelines) during
the process, but bacterial proliferation is greatly
facilitated by inadequate storage conditions.

Bottled mineral water of lower pH is
apparently less vulnerable to bacterial prolifera-
tion. Lower pH of drinking water should not pose
problems regarding human consumption as it is
tolerated by the human organism. The pH value of
stomach fluids is in the range of 1.0-3.5, so drink-
ing water enriched with CO2 (pH 3.3-4.02 deter-
mined in this study) should not harm the body in
this respect [28].

CONCLUSIONS

In the present study, microbiological para-
meters of bottled uncarbonated, carbonated and
flavoured mineral water produced in Hungary
were examined under field conditions. Cultur-
able microorganisms, coliforms, E. coli, P aerugi-
nosa, enterococci and C. perfringens were enumer-
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ated according to international standards. In six
cases from among uncarbonated water samples,
the aerobic colony counts exceeded the standard
value. Furthermore, in three cases, coliforms and
P aeruginosa were detected. However, in car-
bonated and flavoured mineral water samples, no
unacceptable bacteriological quality was observed.

It would be advisable to use carbonated or fla-
voured mineral water when supplying drinking wa-
ter to the units performing remediation activities,
as they do not pose a microbiological risk to con-
sumers, given the storage conditions in the field.
Furthermore, based on our research experience,
we recommend bottled drinking water companies
to consider lowering the pH of non-carbonated
mineral waters, as a change in storage conditions
would not pose a microbiological risk to con-
sumers. With our research, we wanted to highlight
the importance of the topic and we recommend
considering the results as well as suggestions pre-
sented in this article in everyday practice.
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