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ABSTRACT
The presence of nitrate in sources of drinking water is a matter of concern because of its potential
risk for human health. In many countries like Argentina, an increasing proportion of the population
chooses to consume bottled water, among other reasons, for lack of water access. The present study
was conducted (a) to evaluate the quality of bottled waters by determining nitrate concentration, (b)
to relate bottled water quality with water access, (c) to analyze public awareness about bottled water
quality and consumption habits of the population in the urban area of Buenos Aires. Two locations
were selected, Ciudad Autónoma de Buenos Aires (C.A.B.A.) and Malvinas Argentinas in Buenos
Aires Province (PBA), with percentages of water access of 99.6% and 8.8%, respectively. Random
samples from both locations (n ¼ 100) were analyzed. A survey was conducted in order to inquire
about perception of population on bottled water quality and their consumption habits. In C.A.B.A., no
sample exceeded the 45 mg/L limit value in force in Argentina, while in Malvinas Argentinas, 34% of
the brands analyzed showed values above it. The survey revealed that 71.7% of people consume
bottled water. While people in C.A.B.A. do so mainly out of habit, safety is the priority in PBA.
Key words
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HIGHLIGHTS

•

Nitrate concentration in bottled water was determined in two neighborhoods in the urban area
of Buenos Aires, C.A.B.A. and Malvinas Argentinas, with signiﬁcant differences in their access to

•
•
•
•

water.
Nitrate contamination of bottled water was much higher in the area with the least access to
drinking water.
Nitrate values exceeded in many cases 100 mg/L.
A survey carried out shows a high consumption pattern for bottled water.
The reasons for choosing bottled water were different in the two study areas.
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GRAPHICAL ABSTRACT

INTRODUCTION
Improvement in water access is a central objective

so is the communication of standard non-compliance. Inci-

in plans for future development, for example, in the

dents involving municipal water must be mandatorily

Millennium Development Goals of the World Health

disclosed (EPA ). The bottled water industry takes

Organization. Moreover, in 2010 the right to water and sani-

advantage of this negative publicity from its main competitor.

tation was considered by the United Nations General

Contrary to popular belief, there are numerous reports of

Assembly in Resolution A/RES/64/292 as a human right,

contamination due to bottled water, which include the most

since it is a requirement for the realization of all human

diverse contaminants in very different regions. As an

rights.

example, the presence in bottled water of nitrate in Argentina

Meanwhile, consumption of bottled water has contin-

(Gallego ), bromate in the UK (Gillingham & Noizet

ued to increase over time worldwide. In some cases,

), arsenic in Chile (Daniele et al. ), turbidity in

bottled water can be used as a substitute for tap water

Malawi (Chidya et al. ), pesticides in Mexico (Díaz

when problems with its supply occur. Numerous studies

et al. ), endocrine disruptors in Sudafrika (Anech Hahn

related increase of bottled water consumption in response

et al. ), and microplastics in many countries (Mason

to water quality alerts (Dupont & Jahan ; Pennino

et al. ) can be cited. Even outbreaks of infectious diseases

et al. ; Allaire et al. ; Cohen et al. ).

due to mineral water have been reported, surprisingly, a cho-

However, the reasons for the increased sales of bottled
water go far beyond the lack of provision of municipal

lera outbreak in Portugal in 1974 (Blake et al. ) and, more
recently, a norovirus outbreak in Spain (Blanco et al. ).

water supply. First of all, even in the absence of tap water

In some cases, concern regarding bottled water is not

problems, people choose bottled water because they con-

due to what it has but due to what it does not have. The

sider it to be safer (De Queiroz ; Levêque & Burns

example is lack of ﬂuoride (Rosinger et al. ) or hardness

; Robak & Bjornlund ). Second, it has been said

(Klevay ), both considered beneﬁcial for health.

that the reason for the choice has to do with a matter of
taste (Doria ; York et al. ; Font-Ribera et al. ).

Regarding taste, it would be more related to the chemical composition than to the origin (Harmon et al. ).

These arguments are difﬁcult to sustain rationally, par-

Although it is true that tap water with relatively high trihalo-

ticularly the issue of safety. In many countries, such as the

methane content can be unpleasant (Font-Ribera et al. ),

United States or Argentina, where this study was carried

the differences are not always discernible. In a blind taste

out, drinking bottled water does not have the same strict

test carried out in Germany, Debeller et al. () found

standards as tap water (Levêque & Burns ; Litter et al.

that consumers were not able to discriminate between tap

). In addition, the evaluation frequency is different and

and bottled water.
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Some researchers suggest that in addition to safety and

water (Greer & Shannon ; Fossen Johnson ). In

taste there are other factors involved in the selection of

addition to this acute effect, nitrate has been suggested to

some kinds of water, including psychological and behavioral

be associated with an increase of colorectal cancer risk,

issues, such as the social status or the lifestyle people have or

due

intend to demonstrate (York et al. ; Etale et al. ).

N-nitroso compounds (Schullehner et al. ). Thyroid dis-

In opposition to the debatable advantages listed, bottled

to

endogenous

transformation

into

carcinogenic

ease and neural tube defects were also associated with

water has two very notable disadvantages. The ﬁrst is its

nitrate ingestion (Weyer et al. ; Ward et al. ). If the

cost (Cohen et al. ; Komarulzaman et al. ) and the

concentration limit is exceeded, the water must undergo

second its environmental impact (Van Der Linden ).

proper treatment to meet the requirements. Treatments to

Ciudad Autónoma de Buenos Aires (C.A.B.A.) is the

remove nitrate are based on ion exchange or reverse osmosis.

capital of Argentina. It is completely surrounded by the

Some ceramic ﬁlters have also been proposed for economic

Province of Buenos Aires (PBA), forming an urban conglom-

removal in low-income households (Shivaraju et al. ).

erate where more than 31% of the country’s population lives

Nitrate is one of the few chemical contaminants capable

(INDEC ). It is common to refer to the entire area as the

of producing acute toxicity, methemoglobinemia, in the popu-

urban area of Buenos Aires, including C.A.B.A. and neigh-

lation at risk (WHO ). Furthermore, it has been observed

boring areas in the province also called ‘Greater Buenos

in previous studies that it can also be used as a quality indi-

Aires’. Social inequalities in the area are remarkable.

cator of bottled water (Gallego ). Since bottled water

Access to water, for example, is close to 100% in C.A.B.A.,

can come from an underground source, it is expected that if

with a level of control comparable to that of any developed

it is not suitably treated it may exceed the nitrate values

country, while at less than 20 km away in Greater Buenos

required by legislation, due to the ubiquity of nitrate contami-

Aires the population may depend on the service of small

nation in the area. Thus, the presence of a high concentration

companies, cooperatives or individual wells, with an often

of nitrate would indicate bad practice in the elaboration.

questionable quality level. Relating this to the consumption

The present study was conducted (a) to evaluate the

of bottled water, it can be foreseen that although in some

quality of different commercial bottled waters from different

areas it may be a choice, in others it is a necessity.

locations by determining nitrate concentration, (b) to relate

The water origin is also different according to the area.

bottled water quality with water access in the different

C.A.B.A. and the most privileged areas receive potable

locations, (c) to analyze public awareness about bottled

water from the Río de la Plata, while in the periphery the

water quality and consumption habits of the population in

origin is mainly from underground sources (AySA ).

the urban area of Buenos Aires.

This different origin is the reason that the possible pollutants
present in each area may also be different.

This study was conducted within the framework of a project-based learning experience carried out with students of

In the urban area of Buenos Aires, one of the contami-

training course for assistants in the chair of Public Health

nants of major concern in groundwater is nitrate. It has an

and Environmental Hygiene, Faculty of Pharmacy and Bio-

anthropogenic origin. In urban areas, nitrate comes mainly

chemistry, Buenos Aires University. A description of the

from septic wells from the population without access to

educational aspects of the proposal can be found in the

sanitation systems. Due to its extreme solubility, nitrate

quote that appears in the bibliography as González et al. ().

reaches groundwater, where it accumulates, being able to
reach very high concentrations (Zendehbad et al. ).
The World Health Organization (WHO) recommends a

MATERIALS AND METHODS

guide level of 50 mg/L for nitrate in drinking water (WHO
). The Argentine Food Code (ANMAT ) established

Selection of the type of samples and working area

a limit of 45 mg/L, in response to concerns related to the
risk for methemoglobinemia in infants less than six

Large volume bottles (20 L) present in shops in the selected

months of age who are fed infant formula mixed with

areas were chosen for the study.
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The selection of the working area was carried out taking

number of blocks that each commune has. It was planned

into account the data published by the last national population

to take four samples per selected block, one from each

census (INDEC ), whose data are shown in Figure 1.

side. In the same way in Malvinas Argentinas, the

C.A.B.A. and Malvinas Argentinas, with 99.6% and

number of samples from each locality was proportional

8.8% of water access, were chosen to carry out the study.

to the size of the area. It was planned to take only one

In C.A.B.A., communes 2 and 3, both near the Faculty of

sample per block due to the lower presence of shops com-

Pharmacy and Biochemistry, but with very different charac-

pared to C.A.B.A. The distribution of samples is shown in

teristics, were selected. In Malvinas Argentinas, the areas

Table 1.

classiﬁed as ‘central area’ according to the municipal cadastre map were chosen. These areas correspond to seven

Sampling, storage and analysis of samples

commercial zones located around the seven railway stations
present in the municipality: Tortuguitas, Tierras Altas,

The samples were taken from May to September 2018.

Grand Bourg, Pablo Nogués, Los Polvorines, Villa de

They were collected in glass tubes with plastic screw

Mayo, and Sordeaux.

caps, using 2 mL/L of concentrated sulfuric acid as a
preservative.

Randomization of sampling sites

Samples were processed within 48 hours. The UV
screening method for nitrate (APHA/AWWA/WEF ),

A random sampling plan was made for the two zones. Munici-

simple and precise but not speciﬁc, was chosen. Absorbance

pal cadastre maps were used in both cases. The number of

at 220 and 275 nm was measured (Metrolab UV 1700 Spec-

total blocks in the working area was counted and a number

trophotometer). Potassium nitrate of analytical grade

was assigned to each of them. Employing a random numbers

(Merck, Darmstadt, Germany) was employed for the realiz-

table, the blocks where a sample would be taken were

ation of the standard curve. The concentration was

selected. In both cases it was decided to work with a total of

expressed in all cases in terms of nitrate.

100 samples.

To conﬁrm positive results, a commercial kit was

In C.A.B.A., the number of samples taken from com-

employed (MQuant® Merck, Darmstadt, Germany). The

mune 2 and commune 3 were proportional to the

test is speciﬁc and is based on the reduction of nitrate

Figure 1

|

Location of the sampling area and water access.
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Distribution of the samples in the study areas

Work area

Locality

Number of blocks

Number of samples

Samples per block

C.A.B.A.

Commune 2
Commune 3

54
80

40
60

4
4

Total

134

100

Tortuguitas
Tierras Altas
Grand Bourg
Pablo Nogués
Los Polvorines
Villa de Mayo
A. Sourdeaux

21
2
37
6
14
9
26

18
2
32
5
12
8
23

Total

115

100

Malvinas Argentinas

1
1
1
1
1
1
1

to nitrite and its subsequent reaction with an aromatic

of them exceeded the nitrate value required by legislation

amine to form a diazonium salt, which in turn, reacts

(Figure 2). The highest value obtained was 38 mg/L for

with N-(1-naphthyl)-ethylene-diamine to form a red-violet

brand 16C. The samples of brand 12C and 27C yielded

azo dye.

results of 23 mg/L and 19 mg/L, respectively. The three
brands came from bottling companies located in municipalities in the neighboring Greater Buenos Aires: brand 12C

Survey design and data collection

from Morón, 16C from Lanús, and 27C from La Matanza
A questionnaire survey was designed using the Google For-

(Figure 2). All the other brands had a nitrate concentration

mulary tool. The owners of the shops where the samples

below 12 mg/L and, in most cases, below the detection

were taken were invited to answer it. In addition to this,

limit of 5 mg/L (Supplementary material 2, Nitrate concen-

the students who were part of the project also distributed

tration of water samples).
The situation was totally different in the municipality of

it among their contacts.
First of all, people were asked about their bottled

Malvinas Argentinas, where 100 samples were also ana-

water consumption and why they prefer or not to consume

lyzed. Of a total of 41 brands (identiﬁed as 1MA to 41MA)

it. The rest of the questions were intended to investigate

there were 14 that exceeded the 45 mg/L limit value. That

their perceptions of bottled water and how it is considered

represents 34.1% of brands that did not comply with the

in comparison to tap water. People were also asked

legislation. Six of them (14.6% of the total) had a nitrate con-

about the reasons that guided their choice of a certain

centration that exceeded 100 mg/L (Figure 2).

product and knowledge of its characteristics. Age, level

For four other brands there were some bottles that had

of education and place of residence were also collected

nitrate concentrations below the limit, and bottles that

by

exceeded it. In all cases the differences were substantial

the

survey

(Supplementary

material

1,

Survey

formulary).

and could not be attributed to measurement uncertainty.
In brand 6MA, one bottle was below 5 mg/L and another
had a nitrate concentration of 87 mg/L. The same extreme

RESULTS

differences were found for brands 6MA (<5–87), 22MA
(<5–173), 23MA (9–91), and 34MA (<5–87). Brand 16MA

Nitrate concentration in bottled waters

and brand 17MA also showed an important variation
between bottles, but at values close to or above the limit:

A total of 100 samples from 36 different brands were taken

brand 16MA was between 42 and 180 mg/L and brand

at C.A.B.A. They were identiﬁed as brand 1C to 36C. None

17MA between 81 and 115 mg/L.
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Nitrate concentration in the different bottled water brands analyzed in C.A.B.A. and Malvinas Argentinas. Each water brand was identiﬁed with a number and a letter: 1C to 36C
in C.A.B.A.; 1MA to 41MA in Malvinas Argentinas.

Consumption habits and public perception of water

consume. Also, practically half of the respondents indicated

quality

that they did not read the label on the product.
There were 57.7% of respondents residing in C.A.B.A.

A total of 364 people answered the survey. The results show

and 42.3% in the PBA. Consumption data of bottled water

that a large majority of the population consumes bottled

were very similar when discriminated by geographical

water: 71.7% of the participants consume it while only

location. Among the people residing in C.A.B.A., the percen-

28.3% do not. The opinion that it is better than tap water

tage that consumes bottled water was 71.9% and 71.4% in

is shared by 82.4% of the respondents. A summary of the

the PBA. Similarly, the perception that bottled water is

results is shown in Figure 3 (Supplementary material 3,

better is quite similar: 79.5 in C.A.B.A.; 86.0% in PBA.

Survey data).

The only differences that can be pointed out between the

Among people who do not consume bottled water, the

two districts are the reasons for the consumption of bottled

majority do so because they have access to tap water

water and the most valued characteristics of the product. In

(60.2%). The other principal reasons mentioned are: the

C.A.B.A., the main reason for consuming bottled water has

high price of bottled water (14.6%), its lack of quality

to do with the habit (44.4%) and then for health reasons

(8.7%) or the fact of having a water puriﬁer at home (1.9%).

(34.4%). In the PBA, the order is reversed, health reasons

The reasons for choosing bottled water are mainly

are in ﬁrst place (44.5%) and habit in second (28.2%).

because it is considered healthier (38.7%). Almost to the

Also, the most valued characteristics for bottled water that

same extent, people say it is out of habit (37.5%) and, to a

stand out are different in the two jurisdictions. In

lesser extent, out of necessity (23.8%). People who consume

C.A.B.A., the order is taste (36.7% of the responses), fol-

bottled water (261 persons) valued especially its taste

lowed by purity (25.0%) and safety (20.8%). In the PBA,

(34.4%). Other valued characteristics were mainly safety

on the other hand, safety was the predominant reason

(27.0%) and purity (25.6%). It is remarkable that most

with 34.7% of the responses, followed by taste (31.6%) and

people did not know the origin of the bottled water they

purity (26.3%).
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Analysis of the survey about consumption habits and public perception of water quality.

DISCUSSION

Drinking water in the urban area of Buenos Aires is provided by a state company, AySA. In most of the network the

It is very common in Argentina to have 20 L water dispensers

water comes from the La Plata river, while in the peripheral

for consumption, both at home or in shops, so these large

areas there are still underground water wells in service. The

water bottles were chosen to be tested. Commercial venues

most remote areas, such as Malvinas Argentinas, are not

instead of residences were selected to take the samples due

even reached by the network and people get water from

to easier access. It must be considered that the same bottled

their own wells, without any quality control.

water brands are also consumed by people in their homes.

Groundwater nitrate contamination is very common in

This was corroborated in the ﬁeld work, particularly in Mal-

the area (Heredia et al. ). In fact, frequent violations

vinas Argentinas, where owners of the shops lived nearby

of the maximum nitrate levels were the reason for the natio-

and bought the water for their homes from the same provider.

nalization of Aguas Argentinas, the private company that

There are many different small bottlers that distribute the

previously provided water service, through Decree 303/

containers, often only in a given municipality or even in a

2006. On the other hand, nitrate level in La Plata river is

small section of it. Each municipality is responsible for pro-

low, below 10 mg/L (Giannuzzi et al. ).

duct control unless the brand is approved for sale

Given the widespread presence of nitrate contamination

throughout the country. Registration and control require-

in wells, it is highly probable that, since bottled water can

ments in these cases are more rigorous (ANMAT ).

also come from a ground source, it may also be contami-

C.A.B.A. and Malvinas Argentinas were selected for the

nated. Of course, there are treatments to reduce nitrate,

study because they have the most extreme values in water

but if these treatments do not exist or are not properly car-

access: in C.A.B.A. almost everyone has access to safe

ried out, contamination will appear.

water, in Malvinas Argentinas almost no one. This extreme

Analysis of the obtained results demonstrates a comple-

inequality is even more remarkable considering that both

tely different situation in the two areas under study. In

districts are separated by a short 45-minute local train jour-

C.A.B.A., no sample exceeded the nitrate limit value. Only

ney within the same urban area.

three samples have slightly high nitrate values, typical of
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waters that come from an underground source. On the other

carried out does not present nitrate contamination. This

hand, in Malvinas Argentinas, 34.1% of the brands do not

may be an explanation for arid regions, where the presence

comply with the legislation. This value reaches 43.9% if

of individual wells is probably not as frequent, but not for

the 9.8% of brands for which some but not all of its bottles

the United States, for example, where wells exist and nitrate

exceeded the limit is added to the sum.

concentration of groundwater is also a problem (Greer &

The fact that different bottles of the same brand have

Shannon ). The second explanation is that, despite this

different degrees of contamination can be explained by the

contamination, there are stricter controls on the bottled

progressive saturation of the treatment system. In cases

water manufacturing facilities that prevent access of contami-

where these differences are extreme, the adulteration of

nated water to the market. The latter seems to be the reason

the product cannot be ruled out. In a previous study

for the differences between the two districts in this study as

(Gallego ), a single contaminated sample of a ﬁrst-line

well. No sample in C.A.B.A. showed nitrate contamination,

brand was detected, for which ten other analyzed containers

although some of the brands detected came from the PBA.

showed an undetectable value.

It should be highlighted that C.A.B.A. has laboratories for

Six of the samples presented concentrations higher than
100 mg/L. The highest values obtained were for 16MA:

bromatological analysis of international level, while few
municipalities in the PBA have such infrastructure.

180 mg/L; for 17MA: 115 mg/L; for 18MA: 127 mg/L; for

The survey carried out shows an even higher consump-

22MA: 173 mg/L, for 26MA: 131 mg/L, and for 33MA:

tion pattern for bottled water than in other countries: 71.7%

167 mg/L. These are extremely high nitrate concentrations,

of the respondents consume the product and 44.4% of them

that could pose a high health risk, particularly for babies

say they do so continuously. The highest percentages

(Greer & Shannon ; Fossen Johnson ). It is very

reported in the literature are 54% for Barcelona (Font-

likely that, lacking access to safe water, people use the

Rivera et al. ), 42% for France (IFEN ), 43% in

bottled water they buy for those uses that are considered

Quebec (Levallois et al. ), 37% in Appalachia, USA

more critical. Among them is, undoubtedly, the preparation

(Levêque & Burns ). It must be said that a quantitative

of a baby’s bottle.

comparison is not possible, since the number of cases in

In a previous work we found a high percentage of

this study is low and there was no random selection of par-

nitrate-contaminated water in the PBA (Gallego ).

ticipants, so the presence of some type of bias cannot be

However, its presence in bottled water has not been fre-

ruled out. However, these numbers undeniably show a rela-

quently reported in the literature. In Italy, in a study

tively high consumption of the product.

carried out on 37 samples of bottled water, an average

The reasons for the choice and the most valued charac-

value for nitrate of 6 mg/L was obtained (Cidu et al. ).

teristics of bottled water are similar to those reported in

Weyer et al. () in the United States, analyzed 261

other countries, and have already been presented in the

samples of bottled water from Texas and Iowa and did not

Introduction. But there is a difference to highlight in the

obtain any value above 26.6 mg/L. Results obtained in

results between the two districts, which seems to be related

developing countries, although somewhat worse, are also

to the lack of access to water in the PBA. The reason for con-

not comparable to those obtained in this study. Alimoham-

sumption in C.A.B.A. is predominantly a matter of habit and

madi et al. () found only a sample for a total of 71

the most appreciated characteristic is taste, while in the

tested that exceeded the limit, with a value of 50.1 mg/L.

PBA, the reason is that it is healthier and the main charac-

Other studies carried out in Chile on ten samples (Daniele

teristic sought for is safety.

et al. ), in Iran, on 21 samples (Moazeni et al. ),

Despite the high consumption of bottled water and the

and in Ghana, on 118 samples (Dzodzomenyo et al. )

perception of the respondents about its quality, 64.6% do

did not report any sample above the values required by

not know its origin, while another 50% admit that they do

legislation.

not consult the information on the labels when purchasing

There may be two reasons for these differences. One is

water for consumption. This acquires great relevance if it

that the water source in the places where the studies were

is taken into account that the Argentine Food Code
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water is strongly conditioned by its origin and by the responsibility of the bottler. In any case, the existence of a label is
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of little use if the supervisory authority does not efﬁciently
control that it really corresponds to the product.

CONCLUSIONS
Nitrate is a major contaminant in water, one of the few
capable of causing acute toxicity problems. But, in addition
to this, nitrate could work as an indicator of bottled water
quality. Since it is very easy to determine and its presence
is an indicator of inadequate treatment for water, it can be
a hint about the presence of other contaminants.
It is worrying that precisely in the area where access to
water is a problem and bottled water is purchased for safety
reasons, the quality is worse. Nitrate contamination of bottled
water was much higher in the area with the least access to
drinking water. The only reason that seems plausible to
explain this, is that, just as there is no water network in the
area, there are also no adequate controls on the product.
York et al. () said that the motives leading to bottled
water consumption are difﬁcult to understand, but that it
appears to be a choice reﬂecting taste and lifestyle. As an
example, water consumption has increased globally,
especially in western countries (Quian ) paradoxically,
where the best tap water quality exists. In the present
work, it seems to be clear that the forces that govern the
consumption of bottled water in one or other case are different. People who lack access to safe water only have that
option.
What characterizes developing countries is not the lack
of advances present in the developed world, but inequality
in their access: advances exist, but they are not for everyone.
C.A.B.A. has a water quality and control standards for its
bottled water similar to those of the ﬁrst world. Only 45 minutes away, drinking water can be a dangerous experience,
even if you have paid for what was supposed to be a
human right.

Downloaded from http://iwaponline.com/jwh/article-pdf/18/5/681/773659/jwh0180681.pdf
by guest

Alimohammadi, M., Latiﬁ, N., Nabizadeh, R., Yaghmaeian, K.,
Mahvi, A. H., Youseﬁ, M., Foroohar, P., Hemmati, S. &
Heidarinejad, Z.  Determination of nitrate concentration
and its risk assessment in bottled water in Iran. Data in Brief
19, 2133–2138. doi:10.1016/j.dib.2018.06.110.
Allaire, M., Mackay, T., Zheng, S. & Lall, U.  Detecting
community response to water quality violations using bottled
water sales. Proceedings of the National Academy of Sciences
USA 116, 20917–20922. doi:10.1073/pnas.1905385116.
Aneck-Hahn, N. H., Van Zijl, M. C., Swart, P., Truebody, B.,
Genthe, B., Charmier, J. & De Jager, C.  Estrogenic
activity, selected plasticizers and potential health risks
associated with bottled water in South Africa. Journal of
Water and Health 16 (2), 253–262. doi:10.2166/wh.2018.043.
ANMAT Administración Nacional de Alimentos, Medicamentos y
Tecnología Médica  Código Alimentario Argentino
(Argentine Food Code). Available from: https://www.
argentina.gob.ar/anmat/codigoalimentario (accessed 29
April 2020).
APHA/AWWA/WEF  Standard Methods for the Examination
of Water and Wastewater, 23rd edn. American Public Health
Association/American Water Works Association/Water
Environment Federation, Washington, DC, USA.
AySA Agua y Saneamientos Argentinos S.A  AySA. Available
from: https://www.aysa.com.ar/Que-Hacemos/Agua-potable
(accessed 29 April 2020).
Blake, P. A., Rosemberg, M. L., Florencia, J., Bandeira Costa, J., Do
Prado Quintino, L. & Gangarosa, E. J.  Cholera in
Portugal, 1974: II. transmission by bottled mineral water.
American Journal of Epidemiology 4, 344–348. doi:10.1093/
oxfordjournals.aje.a112392.
Blanco, A., Guix, S., Fuster, N., Fuentes, C., Bartolomé, R.,
Cornejo, T., Pintó, R. M. & Bosch, A.  Norovirus in
bottled water associated with gastroenteritis outbreak, Spain,
2016. Emerging Infectious Diseases 23 (9), 1531–1534.
doi:10.3201/eid2309.161489.
Chidya, R. C., Singano, L., Chitezde, I. & Mourad, K. A. 
Standards compliance and health implications of bottled
water in Malawi. International Journal of Environmental
Research and Public Health 16 (6), 951. doi:10.3390/
ijerph16060951.
Cidu, R., Frau, F. & Tore, P.  Drinking water quality:
comparing inorganic components in bottled water and
Italian tap water. Journal of Food Composition and Analysis
24 (2), 184–193. doi:10.1016/j.jfca.2010.08.005.

690

M. S. Fortunato et al.

|

Nitrate concentration in bottled waters

Cohen, A., Zhang, Q., Luo, Q., Tao, Y., Colford, J. & Ray, I. 
Predictors of drinking water boiling and bottled water
consumption in rural China: a hierarchical modeling
approach. Environmental Science and Technology 51 (12),
6945–6956. doi:10.1021/acs.est.7b01006.
Daniele, L., Cannatelli, C., Buscher, J. T. & Bonatici, G. 
Chemical composition of Chilean bottled waters: anomalous
values and possible effects on human health. Science of the
Total Environment 689 (1), 526–533. doi:10.1016/j.scitotenv.
2019.06.165.
Debeller, L. J., Gamp, M., Blumenschein, M., Keim, D. &
Britta, R.  Polarized but illusory beliefs about tap and
bottled water: a product- and consumer-oriented survey
and blind tasting experiment. Science of the Total
Environment 643 (1), 1400–1410. doi:10.1016/j.scitotenv.
2018.06.190.
De Queiroz, J. T. M., Doria, M. d., Rosenberg, M. W. & Zhouri, A.
 Perceptions of bottled water consumers in three
Brazilian. Journal of Water and Health 11 (3), 520–531.
doi:10.2166/wh.2013.222.
Díaz, G., Ortiz, R. & Schettino, B.  Organochlorine pesticides
residues in bottled drinking water from Mexico City. Bulletin
of Environmental Contamination and Toxicology 82,
701–704. doi:10.1007/s00128-009-9687-7.
Doria, M. F.  Bottled water versus tap water: understanding.
Journal of Water and Health 4 (2), 271–276. doi:10.2166/wh.
2006.0023.
Dupont, D. P. & Jahan, N.  Defensive spending on tap water
substitutes: the value of reducing perceived health risks.
Journal of Water and Health 10 (1), 56–68. doi:10.2166/wh.
2011.097.
Dzodzomenyo, M., Fink, F., Dotse-Gborgbortsi, W. & Wardrop,
N.  Sachet water quality and product registration: a crosssectional study in Accra, Ghana. Journal of Water and Health
16 (4), 646–656. doi:10.2166/wh.2018.055.
EPA Environmental Protection Agency  The Public
Notiﬁcation Rule: A Quick Reference Guide. US EPA,
Washington, DC, USA. Available from: https://nepis.epa.
gov/Exe/ZyPDF.cgi?Dockey=P100529C.txt#_ga=1.
47005794.472891366.1423060476 (accessed 29 April 2020).
Etale, A., Jobin, M. & Siegrist, M.  Tap versus bottled water
consumption: the inﬂuence of social norms, affect and image
on consumer choice. Appetite 121 (1), 138–146. doi:10.1016/
j.appet.2017.11.090.
Font-Ribera, L., Cotta, J. C., Gómez-Gutiérrez, A. & Villanueva,
C. M.  Trihalomethane concentrations in tap water as
determinant of bottled water use in the city of Barcelona.
Journal of Environmental Sciences 58, 77–82. doi:10.1016/
j.jes.2017.04.025.
Fossen Johnson, S.  Methemoglobinemia: infants at risk.
Current Problems in Pediatric and Adolescent Health Care
49 (3), 57–67. doi:10.1016/j.cppeds.2019.03.002.
Gallego, A.  Niveles de Nitrato en Aguas Envasadas de la
Provincia de Buenos Aires (Nitrate Levels in Bottled Water
of the Province of Buenos Aires). Final thesis, Specialization

Downloaded from http://iwaponline.com/jwh/article-pdf/18/5/681/773659/jwh0180681.pdf
by guest

Journal of Water and Health

|

18.5

|

2020

in Food Safety and Agrifood Quality, Buenos Aires,
Argentina.
Giannuzzi, L., Carvajal, G., Araujo Andrad, C., Echenique, R. &
Andrinolo, D.  Occurrence of toxic cyanobacterial
blooms in Rio de la Plata estuary, Argentina: ﬁeld study and
data analysis. Journal of Toxicology 2012, 373618. doi:10.
1155/2012/373618.
Gillingham, D. & Noizet, J.  A response model for the public
relations management of a critical incident. Disaster
Prevention and Management 16 (4), 545–550. doi:10.1108/
09653560710817020.
González, A. J., Fortunato, M. S., Korol, S. E. & Gallego, A. 
Nitrate contamination of bottled water: description of a
project-based learning experience. Interdisciplinary Journal
of Environmental and Science Education 16 (3), e2218.
doi:10.29333/ijese/8337.
Greer, F. R. & Shannon, M.  Infant methemoglobinemia: the
role of dietary nitrate in food and water. Pediatrics 46 (3),
784–786. doi:10.1542/peds.2005-1497.
Harmon, D., Gauvain, M., Reis, Z., Arthur, I. & Drew Story, S.
 Preference for tap, bottled, and recycled water: relations
to PTC taste sensitivity and personality. Appetite 121 (1),
119–128. doi:10.1016/j.appet.2017.10.040.
Heredia, O. S., Fresina, M. E., Santa Cruz, J. & Silva Busso, A. A.
 Nitratos y fósforo en el agua subterranea de un area
antropizada de la región pampeana – Buenos Aires
República Argentina (Nitrates and phosphorous in the
groundwater of an anthropized area of the Pampas region –
Buenos Aires, Argentina). Revista Águas Subterrâneas,
SUPLEMENTO – Anais do XI Congresso Brasileiro de Águas
Subterrâneas. 1st Joint World Congress on Groundwater.
Available from: https://aguassubterraneas.abas.org/
asubterraneas/article/view/23554/15636 (accessed 29 April
2020).
IFEN Institut Francais de L’Environnement  La
préoccupation des Français pour la qualité de l’eau. Les
donnés de l’environment (French Institute for the
Environment. 2000 French concern about water quality.
Environmental data). Available from: http://www.side.
developpement-durable.gouv.fr/Default/search.aspx?
SC=DEFAULT&QUERY=Identiﬁer_idx:%223022%
22&QUERY_LABEL=Recherche þ de þ p%C3%
A9riodique&DETAIL_MODE=true#/Detail/(query:(Id:’1’,
Index:2,NBResults:3,PageRange:3,SearchQuery:
(CloudTerms:!(),Facet (accessed 29 April 2020).
INDEC Instituto Nacional de Estadísticas y Censos  Censo
2010 (Census 2010). Available from: https://www.indec.gob.
ar/indec/web/Nivel4-Tema-2-41-135 (accessed 29 April 2020).
Klevay, L. M.  Some bottled water may be salubrious. Journal
of Trace Elements in Medicine and Biology 48, 188–189.
doi:10.1016/j.jtemb.2018.04.003.
Komarulzaman, A., de Jong, E. & Smits, J.  The switch to
reﬁllable bottled water in Indonesia: a serious health risk.
Journal of Water and Health 15 (6), 1004–1014. doi:10.2166/
wh.2017.319.

691

M. S. Fortunato et al.

|

Nitrate concentration in bottled waters

Levallois, P., Grondin, J. & Gingrass, S.  Evaluation of
consumer attitudes on taste and tap water alternatives in
Québec. Water Science and Technology 40 (6), 135–139.
doi:10.1016/S0273-1223(99)00549-1.
Levêque, J. G. & Burns, R. C.  Predicting water ﬁlter and
bottled water use in appalachia: a community-scale
case study. Journal of Water and Health 15 (3), 451–461.
doi:10.2166/wh.2017.219.
Levêque, J. G. & Burns, R. C.  Drinking water in west virginia
(USA): tap water or bottled water – what is the right choice
for college students? Journal of Water and Health 16 (5),
827–838. doi:10.2166/wh.2018.129.
Litter, M. I., Ingallinella, A. M., Olmos, V., Savio, M., Difeo, G.,
Botto, L. E., Farfán Torres, E. M., Taylor, S., Frangie, S.,
Herkovits, J., Schalamuk, I., González, M. J., Berardozzi, E.,
García Einschlag, F. S., Bhattacharya, P. & Ahmad, A. 
Arsenic in Argentina: occurrence, human health, legislation.
Science of the Total Environment 676 (1), 756–766. doi:10.
1016/j.scitotenv.2019.04.262.
Mason, S. A., Welch, V. G. & Neratko, J.  Synthetic polymer
contamination in bottled water. Frontiers in Chemistry
6 (407), 1–11. doi:10.3389/fchem.2018.00407.
Moazeni, M., Ebrahimi, A., Ateﬁ, M., Mahaki, B. & Rastegari,
H. A.  Determination of nitrate and nitrite exposure and
their health risk assessment in 21 brands of bottled waters in
Isfahan’s market in 2013. International Journal of
Environmental Health Engineering 3 (2), 71–75. doi:10.4103/
2277-9183.139747.
Pennino, M. J., Compton, J. E. & Leibowitz, S. G.  Trends in
drinking water nitrate violations across the United States.
Environmental Science & Technology 51 (22), 13450–13460.
doi:10.1021/acs.est.7b04269.
Quian, N.  Bottled water or tap water? A comparative study of
drinking water choices on university campuses. Water 10 (1),
59. doi:10.3390/w10010059.
Robak, A. & Bjornlund, H.  Poor water service quality in
developed countries may have a greater impact on lowerincome households. Water International 43 (3), 436–459.
doi:10.1080/02508060.2018.1446613.
Rosinger, A. Y., Herrick, K. A., Wutich, A. Y. & Yoder, J. S. 
Disparities in plain, tap and bottled water consumption
among US adults: national health and nutrition examination

Journal of Water and Health

18.5

|

2020

survey (NHANES) 2007–2014. Public Health Nutrition
21(8), 1455–1464. doi:10.1017/S1368980017004050.
Schullehner, J., Hansen, B., Thygesen, M., Pedersen, C. B. &
Sigsgaard, T.  Nitrate in drinking water and colorectal
cancer risk: a nationwide population-based cohort study.
International Journal of Cancer 143 (1), 73–79. doi:10.1002/
ijc.31306.
Shivaraju, P. H., Egumbo, H., Madhusudan, P., Anil Kumar, K. M.
& Midhun, G.  Preparation of affordable and
multifunctional clay-based ceramic ﬁlter matrix for treatment
of drinking water. Environmental Technology 10 (13),
1633–1643. doi:10.1080/09593330.2018.1430853.
Van der Linden, S.  Exploring beliefs about bottled water and
intentions to reduce consumption: the dual-effect of social
norm activation and persuasive information. Environment
and Behavior 47 (5), 526–550. doi:10.1177/
0013916513515239.
Ward, M. H., Jones, R. R., Brender, J. D., De Kok, T. M., Weyer, P.
J., Nolan, B. T., Villanueva, C. M. & Van Breda, S. G. 
Drinking water nitrate and human health: an updated review.
Environmental Research and Public Health 15 (7), 1557.
doi:10.3390/ijerph15071557.
Weyer, P. J., Brender, J. D., Romitti, P. A., Kantamneni, J. R.,
Crawford, D., Sharke, J. R., Shinde, M., Horel, S. A., Vuong,
A. M. & Langlois, P. H.  Assessing bottled water nitrate
concentrations to evaluate total drinking water nitrate
exposure and risk of birth defects. Journal of Water and
Health 12 (4), 755–762. doi:10.2166/wh.2014.237.
WHO World Health Organization  Guidelines for DrinkingWater Quality: Fourth Edition Incorporating the First. World
Health Organization, Washington DC, USA. Available from:
https://www.who.int/water_sanitation_health/publications/
drinking-water-quality-guidelines-4-including-1st-addendum/
en/ (accessed 29 April 2020).
York, A. M., Barnett, A., Wutich, A. & Crona, B.  Household
bottled water consumption in phoenix: a lifestyle choice.
Water International 36 (6), 708–718. doi:10.1080/02508060.
2011.610727.
Zendehbad, M., Cepuder, P., Loiskandl, W. & Stumpp, C. 
Source identiﬁcation of nitrate contamination in the urban
aquifer of Mashhad, Iran. Journal of Hydrology: Regional
Studies 25, 100618. doi:10.1016/j.ejrh.2019.100618.

First received 20 May 2020; accepted in revised form 22 June 2020. Available online 27 July 2020

Downloaded from http://iwaponline.com/jwh/article-pdf/18/5/681/773659/jwh0180681.pdf
by guest

|

