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A R T I C L E I N F O

Article history:

Received 23 April 2008

Received in revised form 10 January 2009

Accepted 2 March 2009

Keywords:

Natural spring water

Bottled water

Water quality

Drinking water standards

Trace elements

ICP-MS

Maximum contaminant level

Turkey

Food safety

Food analysis

Food composition

A B S T R A C T

In this work, 70 bottled water brands consisting of ‘‘natural spring’’ and ‘‘processed drinking’’ types

collected from supermarkets and food stores in eight provinces of Turkey were analyzed for their major

and trace element constituents to ascertain their suitability for human consumption. The results

obtained were compared with parametric values (PVs) set by European Community Council Directive

98/83/EC and the guideline values (GVs) recommended by World Health Organization (WHO). Al, Co, Cu,

Fe, and Mn were non-detectable in most of the samples. NH4
+, NO3

�, NO2
�, SO4

2�, F�, Cl�, Al, B, Ba, Cd, Cr,

Cu, Fe, Mn, Mo, Na, Ni, Pb, Sb, and Se were all below their respective PVs or GVs. However, measured As

concentration in one brand was more than three times the standard value set by EC and WHO.

Additionally, in six brands, As concentrations were higher than 5 mg L�1. High concentrations of As in

water could pose a risk to individuals who consume those brands on a regular basis.

� 2009 Elsevier Inc. All rights reserved.
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1. Introduction

Owing to its unique physicochemical properties and its polar
structure, water is known as a ‘‘universal solvent’’ and even in
pristine environmental conditions it may contain substantial
amount of elements in rather high concentrations. At elevated
concentrations some elements can be harmful to health (Al Fraij
et al., 1999) and can cause morphological abnormalities, muta-
genic effects, reduced growth and increased mortality in humans
(Nkono and Asubiojo, 1997). Therefore, standards have been
developed by national and international organizations to define a
quality of water that is safe and acceptable to consumers. Most of
these standards set upper limits for physical parameters, chemical
constituents and microorganisms that are dangerous, potentially
hazardous, or obnoxious to consumers (Magid, 1997).

Freshwater is scarce and resources are unevenly distributed
over the world, with much of the water located far from human
populations. The total amount of usable freshwater supply is
around 4 � 106 km3, which is only 0.2% of all the water on Earth
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(Freeze and Cherry, 1979; Gleick, 1993). It is estimated that 3
billion people will be in the ‘‘water scarcity’’ category
(having < 1000 m3 of renewable water per capita per year) by
2025 (UNEP, 2002). Turkey is currently considered as a state in
‘‘water stress’’ (having 1000–2000 m3 of renewable water per
capita per year). Water-related concerns are most acute in arid or
semi-arid areas, and many countries in water-stressed regions rely
on alternative or non-conventional water resources (e.g. desali-
nated seawater, harvested water and treated wastewater). In such
countries, consumption of bottled water is a growing practice (Al
Fraij et al., 1999; El-Nakhal, 2004). Nowadays, a lot of people living
in urban areas are also increasingly consuming bottled water
because it is associated with naturalness (Saad et al., 1998) and
because they object to unpleasant tastes and odors (e.g. chlorine)
from municipal water supplies (Liu and Mou, 2004); it is often
regarded as safer than tap water (Armas and Sutherland, 1999).
Bottled water is also utilized for consumption in emergency or
water shortage situations caused by natural disasters (e.g. drought,
earthquake, flood, hurricane, tsunami) or societal disasters (e.g.
sabotage, siege, terrorism, war), which can severely damage public
and private water supplies for extended periods of time (Güler,
2007a). Today, consumers from all age groups drink bottled water
on a daily basis for many different reasons. Therefore, in many
parts of the world, bottled water is considered an important
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Fig. 1. Geographic locations of the 8 provinces of Turkey, where sampling of 70 different bottled water brands from various commercial establishments was carried out.
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element in the human diet and plays a major role in the intake of a
number of nutritional and potentially toxic elements (Nkono and
Asubiojo, 1997).

In Turkey, groundwater abstracted from drilled wells and water
from free-flowing springs are the sources utilized by the bottled
water industry. The bottled water industry in Turkey is a very
dynamic and competitive market, with key players focused on
natural spring water. Smaller companies are mostly century-old
and family/municipality-owned, whereas larger firms are under
the control of major multinational soft drink companies (Güler,
2007b). As of February 2008, there were 202 domestic brands of
bottled water (excluding carbonated and flavored waters)
recognized by the Turkish Ministry of Health, which is the sole
regulating body of the bottled water industry since 1997. It is
estimated that 70% of the households in Turkey regularly drink
bottled water, which totaled about 5.2 � 109 L and approximately
78 L per capita in 2002 (Çelik, 2003).

Despite the continued expansion of the bottled water industry
and positive trend on bottled water consumption in Turkey,
reports on bottled water analysis and their mineral contents are
scattered and not well documented. The main purpose of this study
is to investigate the physical and chemical characteristics of some
of the most widely distributed domestic brands of bottled waters
in Turkish market. In this study, a total of 70 different brands were
sampled, which represents more than 1/3 of the domestic brands
currently sold in the market. Additionally, as Turkey moves toward
accession to the European Union, this paper aims to assess the
compliance of Turkish bottled water brands to several standards
around the world including European Community Council
Directive 98/83/EC (EC, 1998) and World Health Organization
(WHO) guideline values (WHO, 2006).

2. Materials and methods

2.1. Sample collection and preparation

A total of 70 brands of commercially available, domestically
produced bottled waters (all non-carbonated) consisting of
‘‘natural spring’’ and ‘‘processed drinking’’ types were purchased
randomly from local supermarkets and independent food stores
(locally known as bakkals) in 8 different provinces (Adana, Ankara,
Aydın, Denizli, İstanbul, İzmir, Kocaeli, and Mersin) of Turkey
(Fig. 1) between May and November 2007. As indicated on their
labels, all the bottled waters had a shelf life of 1 year and were
certified by the Turkish Ministry of Health. To keep the brand
names anonymous, the waters were given a numerical code from 1
to 70 and this convention was used throughout the study. All
bottled waters were in polyethylene terephthalate (PET) contain-
ers with plastic screw caps, except brand 59, which was in a
transparent glass bottle with an aluminum cap. The holding
capacities of bottled water containers ranged from 0.5 to 1.5 L.
Sampling of bottled water ‘‘from the shelf’’ was preferred since
many urban people tend to consume bottled water and super-
markets and bakkals are the most important sales channels for
them. After the collection of samples, they were brought to the
laboratory, where they stored in their original bottles under
refrigeration at 4 8C and in the dark until analysis. Prior to analysis,
manufacturer seals were broken by the analyst in the laboratory
and then two 50 mL aliquots were aseptically removed from each
bottle for anion and cation analyses. These samples were placed in
sterile high density polyethene (HDPE) containers, which were
carefully rinsed several times with the sample water. Water
samples were not acidified or filtered, since it was our intention to
collect and analyze them as ‘‘drunk’’ by the consumer. Collected
bottled water samples did not contain any particulates. Manu-
facturer labels on the bottles were used as a source of basic
information on a particular water sample.

2.2. Analytical procedures

All analyses were carried out in the Environmental Geochem-
istry Laboratory at the Mersin University Geological Engineering
Department, Mersin, Turkey. The physicochemical parameters of
the waters were measured using temperature-compensated WTW
Multi 340i/SET (Wissenschaftlich-Technische Werkstätten, Ger-
many) multi-parameter instrument, equipped with electrical
conductivity (EC), pH and redox potential (Eh) probes. The probes
were calibrated using appropriate standard solutions and proce-
dures before each measurement. The concentrations of ammonia,
nitrite, nitrate, sulfate, sulfite, orthophosphate, chloride, and
fluoride were determined using Hach Lange DR 2800 spectro-
photometer (Hach Lange GmbH, Düsseldorf, Germany) (Table 1).



Table 1
Water quality parameters and analytical methods used during the study.

Parameter or analyte Unit Analytical method Instrument

Electrical conductivity (EC) mS cm�1 TetraCon 325 graphite probe WTW Multi 340i/SET

pH Standard Sentix 41-3 glass pH probe WTW Multi 340i/SET

Redox potential (Eh) mV Platinum electrode WTW Multi 340i/SET

Ammonia (NH4
+) mg L�1 Salicylate method Spectrophotometera

Nitrite (NO2
�) mg L�1 Diazotization method Spectrophotometera

Nitrate (NO3
�) mg L�1 Cadmium reduction method Spectrophotometera

Sulfate (SO4
2�) mg L�1 Barium sulfate turbidity Spectrophotometera

Sulfite (SO3
2�) mg L�1 Colorimetric method Spectrophotometera

Orthophosphate (PO4
3�) mg L�1 Ascorbic acid method Spectrophotometera

Chloride (Cl�) mg L�1 Mercuric thiocyanate method Spectrophotometera

Fluoride (F�) mg L�1 SPADNS method Spectrophotometera

Bicarbonate (HCO3
�) mg L�1 Titrimetric method (EPA 310.1) Digital burette

Major ions (Ca, Mg, Na, K, Si) mg L�1 Mass spectrometry ICP-MS (Agilent 7500ce)

Trace elements (Al, As, B, Ba,Br,

Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni,

Pb, Sb, Se, Sr, Ti, V, Zn)

mg L�1 Mass spectrometry ICP-MS (Agilent 7500ce)

a Hach Lange DR 2800.
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Bicarbonate was determined in the laboratory by titration
according to EPA 310.1. Analyses for total concentrations of 5
major elements (Ca, Mg, Na, K and Si) and 20 trace elements (Al, As,
B, Ba, Br, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Sb, Se, Sr, Ti, V and Zn)
were carried out (in separate batches) with inductively coupled
plasma-mass spectrometry (ICP-MS). Concentrations of elements
in the samples were determined in triplicate by Agilent 7500ce
ICP-MS (Agilent Technologies, Tokyo, Japan) equipped with a
collusion/reaction cell in the form of Octopole Reaction System
(ORS) to minimize polyatomic interferences. The argon gas utilized
was of spectral purity (>99.998%). The external standard calibra-
tion method was applied to all determinations, using 6Li, Sc, Ge, Y,
In, Tb and Bi internal standard mix. Five-point calibration curves
were constructed by analyzing NIST single-element reference
standards prepared by serial dilution of stock solutions. The
ultrapure water used throughout the period of experimentation
had a resistivity of 18 MV cm at room temperature. Deionized
water (ELGA Purelab Prima, UK) was used as feed water to produce
ultrapure water from the ELGA Purelab UHQ (UK).
Table 2
Accuracy and precision of the ICP-MS analysis results for the certified reference mater

Element Isotopea Measured values (n = 7)

Min. Max. Median Mean

Al 27 191.90 197.10 195.80 195.31

As 75 50.57 52.43 51.33 51.51

B 10 198.10 204.20 200.80 200.73

Ba 137 192.40 198.80 195.00 195.13

Cd 111 50.44 52.04 51.50 51.30

Co 59 192.70 198.50 195.90 195.73

Cr 52 194.30 201.60 197.80 197.90

Cu 63 194.80 202.50 198.30 198.21

Fe 56 192.40 203.80 197.20 197.56

Mn 55 191.00 196.60 193.70 193.97

Mo 95 191.50 199.00 195.40 195.04

Ni 60 193.40 201.10 197.60 197.50

Pb 208 190.80 198.80 193.30 194.39

Sb 121 50.63 52.45 51.88 51.68

Se 78 51.06 51.94 51.72 51.62

Sr 88 194.10 199.40 196.30 196.50

V 51 196.60 204.40 199.80 199.93

Zn 66 208.10 209.80 209.00 208.94

Concentrations are in mg L�1.
a Isotopic mass of element measured during analysis.
b Relative standard deviation.
c Acquisition mode = Octopole reaction system (ORS) acquisition mode.
d Detection limit of the ICP-MS instrument for each isotope.
e Relative error.
2.3. Determination of precision and accuracy

The analytical quality control included daily analysis of
standards and triplicate analysis of samples and blanks. The
accuracy and precision of the analytical technique was evaluated
by analyzing a certified standard reference material, CWW-TM-B,
Certified Waste Water Trace Metals Solution (B) (High-Purity
Standards, Charleston, SC, USA). The relative error (RE, %) is less
than �5% for all analyzed elements. Our results were in good
agreement with the certified values as shown in Table 2. Precision of
the instrument was determined by introducing the same quantity of
one sample seven times, then the relative standard deviation was
calculated (%RSDs are between 0.28 and 1.73). Additionally, after
every 10 samples, a standard was analyzed as a sample. If the
variation between this sample and standard concentration was more
than 10%, the instrument was recalibrated. Additionally, as an
independent check of the correctness of the analytical results, the
percent charge balance errors (%CBE) were calculated for each
bottled water sample as suggested by Freeze and Cherry (1979).
ial (CWW-TM-B) and detection limit (DL) for the investigated elements.

%RSDb Certified

value

Acquisition

modec

DLd %REe

S.D.

1.87 0.96 200 No gas 0.056 �2.35

0.63 1.22 50 Helium 0.005 3.02

2.16 1.08 200 No gas 0.157 0.36

2.56 1.31 200 No gas 0.010 �2.44

0.56 1.10 50 No gas 0.004 2.60

2.05 1.05 200 No gas 0.003 �2.14

2.18 1.10 200 Helium 0.004 �1.05

2.47 1.25 200 Helium 0.011 �0.89

3.42 1.73 200 Hydrogen 0.046 �1.22

2.32 1.20 200 No gas 0.002 �3.02

2.69 1.38 200 No gas 0.016 �2.48

2.44 1.24 200 Helium 0.003 �1.25

2.74 1.41 200 No gas 0.003 �2.81

0.61 1.17 50 No gas 0.004 3.36

0.28 0.54 50 Hydrogen 0.044 3.24

1.70 0.87 200 Helium 0.006 �1.75

2.34 1.17 200 Helium 0.003 �0.03

0.58 0.28 200 No gas 0.045 4.47
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Calculated charge balance errors are less than �2%, with a mean
value of 0.22%.

3. Results and discussion

3.1. Physical parameters and concentration of major ions

It is well established that the chemical composition of natural
waters is controlled by many factors that include chemistry of
atmospheric precipitation, mineralogy of the rocks encountered
along the flowpath, residence time of the groundwater in the
aquifer, climate and topography (Güler et al., 2002). Therefore,
each bottled water brand has its own characteristic physical and
chemical properties that are defined by a unique combination of
these factors. In this study, the physicochemical composition of 70
Turkish bottled waters including natural spring (NS) and processed
drinking (PD) types were characterized and the results are
presented in Table 3. Besides, the standard deviation (�S.D.),
mean, median, maximum and minimum parameter values were
determined and presented in Table 3, together with parametric values
(PVs) set by EC (1998) and the guideline values (GVs) recommended
by WHO (2006).

Results show that bottled waters are very different in character
and display a wide range of parameter values. The ranges of values
for the physical parameters were: 22–662 mSiemens cm�1 for
electrical conductivity (EC); 6.07–9.16 for pH; and �128 to 47 mV
for Eh. As it is seen in Table 3, there is a great difference between
the EC values of the bottled waters, which is related to the total
dissolved solids (TDS) content, the origin of the source, and the
treatment or purification method applied during bottling process.
There are five natural spring water samples (brands 4, 32, 38, 53,
and 68) having very low EC values (<40 mSiemens cm�1). A careful
examination of major ion composition data for these brands (in
Table 3) reveals that concentrations for most of the major ions are
below 1 mg L�1. As previous studies have shown, long-term
consumption of waters low in minerals (e.g. calcium, magnesium
and fluoride) have in fact a number of health risks including
increased diuresis (WHO, 1980), higher risk of fracture in children
(Verd et al., 1992), increased morbidity and mortality from
cardiovascular and cerebrovascular diseases (Sauvant and Pepin,
2000; Marque et al., 2003), and increased dental caries, especially
in children (Martı́n et al., 1992). The lack of essential nutrients was
also found to be associated with pregnancy disorders or so-called
preeclampsia (Melles and Kiss, 1992) and premature and/or low-
birthweight babies (Yang et al., 2002). The concentration range for
the major ions were (in mg L�1): 0–50.9 for Ca; 0.1–19.0 for Mg;
0.1–76.8 for Na; 0.1–5.3 for K; 0–32.6 for Si; 0.1–0.21 for NH4

+;
0.9–14.2 for NO3

�; 0–0.07 for NO2
�; 0.02–0.55 for PO4

3�; 0–62 for
SO4

2�; 0–0.1 for SO3
2�; 0–23.3 for Cl�; 0–0.69 for F�; and 2–189 for

HCO3
�. The maximum concentrations of Na, NH4

+, NO3
�, NO2

�,
SO4

2�, Cl�, and F� were well below their respective PVs or GVs
(Table 3). Ca, Mg, K, Si, PO4

3�, SO3
2�, and HCO3

� were detected in
all the bottled water samples, however, no health-based PVs or GVs
were available for these parameters. Nevertheless, epidemiological
studies suggest that magnesium may reduce the frequency of
sudden death and calcium may help prevent osteoporosis in
humans (Garzon and Eisenberg, 1998). In this study, among the
samples analyzed, brands 14 and 50 had the highest levels of
magnesium (19.0 mg L�1) and calcium (50.9 mg L�1), respectively.

The results from this study can be used to estimate ingestion
amounts of certain elements by consumers. According to Azoulay
et al. (2001) adult humans between ages 19 and 50 years require
daily 1000 mg Ca2+, 310–420 mg Mg2+ and 2400–3000 mg Na+. For
the bottled waters examined in this study, adult humans may fulfill
only �3% of their Ca2+ dietary reference intake (DRI), between �2
and 1.5% of their Mg2+ DRI and between only 0.7 and 0.6% of their
Na+ DRI by drinking 2 L of bottled water per day (calculations were
made using mean values). These results indicate that a significant
portion of population may be consuming inadequate levels of Ca2+

and Mg2+, which can have important health-related consequences
as reported by Garzon and Eisenberg (1998) and Azoulay et al.
(2001). According to results of this study, none of the bottled water
brands exceeded the recommended optimal range of F� (0.7–
1.2 mg L�1) (Broffitt et al., 2007). It is suggested that consumers
should chose to drink bottled water brands with an optimal
mineral content, i.e., high levels of Ca2+ and Mg2+ and low Na+

(below 20 mg L�1) to prevent adverse health effects. The pH values
of three brands (brands 33, 47, and 53) were acidic (6.47, 6.45, and
6.07, respectively) and values were outside the limits defined by EC
Council Directive.

3.2. Concentration of trace elements

Trace element composition of 70 Turkish bottled waters
including natural spring (NS) and processed drinking (PD) types
are characterized and the results are presented in Table 4. The
results obtained are also compared to the PVs set by EC Council
Directive (EC, 1998) and GVs recommended by WHO (2006). The
concentration range for the 20 trace elements were (in mg L�1):
0.07–131.1 for Al; 0.12–30.63 for As; 1.3–308.5 for B; 0.3–360.1
for Ba; 0.6–108.5 for Br; 0.29–1.34 for Cd; 0.22–0.57 for Co; 0.14–
6.4 for Cr; 0.02–6.78 for Cu; 0.12–48.88 for Fe; 0.01–47.96 for Mn;
0.16–15.33 for Mo; 0.09–7.48 for Ni; 0.21–0.32 for Pb; 0.29–1.23
for Sb; 0.01–0.31 for Se; 0.7–519.3 for Sr; 0.16–5.3 for Ti; 0.01–
16.92 for V; and 0.08–364.8 for Zn. Trace elements such as Al, Co,
Cu, Fe, Mn, Se, V and Zn were non-detectable in most of the
samples. Whereas, Al concentrations in four samples (brands 6,
16, 25, and 70) are relatively high (110.6, 82.1, 131.1, and
73.4 mg L�1, respectively) but lower than EC PV of 200 mg L�1.
Similarly, Mn concentration in one sample (brand 65) was
measured 47.96 mg L�1; which is very close to EC PV of 50 mg L�1

1 (Table 4).
The analysis results have shown that in bottled water samples,

the maximum concentrations of 13 trace elements (Al, B, Ba, Cd, Cr,
Cu, Fe, Mn, Mo, Ni, Pb, Sb and Se) were all below their respective
PVs or GVs (Table 4). However, special attention should be paid to
As, since measured arsenic concentration in one sample (brand 61;
30.63 mg L�1) was more than three times the standard value set by
EC (1998) and WHO (2006). Additionally, in five other samples
(brands 8, 34, 39, 59, and 62) measured As concentrations were
higher than 5 mg L�1. High concentrations of arsenic in water could
pose a risk to individuals who consume those brands on a regular
basis. Arsenic is a highly toxic element and chronic arsenic
consumption can lead to carcinogenesis (Nordstrom, 2002).
Bottled water brands analyzed in this study also contain
substantial amounts of Sb, which share some toxicological features
with arsenic (Schaumlöffel and Gebel, 1998). Antimony concen-
trations measured in Turkish bottled waters range between 0.29
and 1.23 mg L�1 (Table 4). However, these values are well below
the EC PV of 5 mg L�1 and WHO GV of 20 mg L�1. A recent study
conducted by Westerhoff et al. (2008) has shown that antimony
concentrations in the USA bottled waters range from 0.095 to
0.521 mg L�1. They have also shown that antimony concentrations
in PET bottles increased over time during storage, especially when
they are exposed to elevated temperatures. Antimony can be
leached or released from the PET plastic, which is usually made
with antimony-based catalysts (Shotyk et al., 2006). In the case of
trace elements As and Sb, especially, children may be more at risk
due to their greater gastrointestinal absorption and a lower
threshold for adverse effects (Cambra and Alonso, 1995). Br, Sr, Ti,
V, and Zn were also detected in most of the bottled water samples.
However, analytical results for these trace elements cannot be



Table 3
Analysis results of physical parameters and major ionic constituents of 70 Turkish bottled waters and their comparison to the EC (1998) and WHO (2006) standards.

Brand code Typea Physicochemical properties Discharged Treatment

methodse

ECb pH Ehc Ca Mg Na K Si NH4
+ NO3

� NO2
� PO4

3� SO4
2� SO3

2� Cl� F� HCO3
�

1 PD 71 7.01 5 0.8 3.0 3.8 3.2 0.8 0.20 1.8 0.02 0.04 11.0 0.05 5.1 0.09 9.5 R

2 NS 163 7.54 �37 15.1 2.0 14.3 0.8 21.1 0.14 7.5 0.01 0.36 5.0 0.05 10.2 0.25 60.0 1.0

3 NS 161 6.77 6 0.3 0.1 0.7 0.2 2.1 0.14 1.8 0.01 0.02 0.0 0.07 0.0 0.01 2.2 2.2

4 NS 39 7.34 �26 4.5 0.7 0.9 0.4 1.9 0.14 1.8 0.01 0.06 4.0 0.03 0.3 0.03 13.0 O + F

5 NS 194 7.07 �10 11.3 3.2 16.7 0.6 8.1 0.13 3.5 0.04 0.14 18.0 0.03 23.3 0.07 31.0 3.5 O

6 NS 84 7.43 �31 6.4 2.8 3.5 0.5 4.1 0.13 8.4 0.01 0.11 12.0 0.05 3.2 0.04 16.0 3.0

7 NS 51 6.82 4 6.0 0.8 2.2 0.3 4.7 0.14 2.2 0.01 0.09 0.0 0.06 1.3 0.01 25.0 1.0 O

8 NS 85 7.11 �13 9.7 1.3 3.7 0.7 8.5 0.13 2.7 0.01 0.08 5.0 0.05 0.9 0.06 38.0 1.0

9 NS 149 7.99 �63 21.1 1.9 5.2 0.1 5.8 0.11 2.2 0.02 0.04 7.0 0.06 0.8 0.07 78.0 6.0

10 NS 283 8.18 �73 14.7 5.7 32.5 0.3 9.9 0.13 10.6 0.05 0.06 4.0 0.02 7.0 0.09 130.0 5.0

11 NS 161 8.16 �72 22.2 2.6 5.3 0.1 5.6 0.12 3.1 0.03 0.03 8.0 0.03 0.9 0.08 78.0 5.0 O

12 NS 139 7.22 �19 9.8 0.9 17.0 0.1 1.5 0.14 2.2 0.01 0.04 0.0 0.03 0.5 0.03 80.0 2.5

13 NS 106 7.34 �25 12.5 2.0 4.2 0.5 12.0 0.10 4.9 0.01 0.15 0.0 0.01 1.8 0.11 50.5 1.2

14 NS 174 9.16 �128 1.7 19.0 1.0 0.1 4.0 0.12 0.9 0.01 0.08 0.0 0.04 1.6 0.04 103.5

15 NS 184 8.26 �78 28.2 4.1 0.4 0.1 1.2 0.11 2.2 0.01 0.04 1.0 0.04 0.5 0.07 103.0 20.0 O

16 NS 155 7.91 �58 17.9 4.2 6.8 2.3 26.1 0.13 5.8 0.01 0.27 0.0 0.05 2.9 0.19 84.0 3.7 O

17 NS 160 8.08 �68 21.5 2.4 6.3 0.2 6.3 0.14 2.2 0.01 0.06 2.0 0.05 1.1 0.07 86.0 O + F

18 NS 177 8.21 �75 25.4 5.3 0.4 0.1 0.9 0.13 3.1 0.01 0.20 1.0 0.01 0.7 0.06 96.0 1000.0

19 NS 136 7.91 �58 20.4 1.7 1.6 0.6 7.3 0.13 2.2 0.01 0.08 2.0 0.03 0.9 0.08 72.0 1.0 O

20 NS 191 8.18 �74 28.1 3.4 4.9 0.2 5.6 0.11 2.2 0.01 0.07 6.0 0.02 1.0 0.06 102.0 18.5

21 NS 188 8.26 �78 28.1 3.4 5.1 0.3 5.6 0.11 2.2 0.03 0.12 12.0 0.02 0.9 0.06 93.5 18.5

22 NS 207 8.02 �64 32.4 2.7 1.7 1.9 3.1 0.12 2.7 0.01 0.06 7.0 0.03 1.1 0.08 105.0 21.0 O

23 NS 79 6.91 �1 9.7 1.0 4.8 0.4 10.0 0.13 0.9 0.01 0.12 1.0 0.03 1.0 0.10 45.0 4.9 O

24 NS 147 7.85 �55 17.9 3.7 4.2 0.1 8.4 0.14 2.7 0.02 0.11 5.0 0.02 1.2 0.03 75.0 0.8

25 NS 135 7.48 �34 5.6 1.3 15.7 2.8 26.1 0.14 1.3 0.01 0.06 8.0 0.02 13.1 0.10 38.0

26 NS 150 8.07 �68 15.6 5.2 4.7 0.2 10.3 0.17 3.1 0.00 0.06 11.0 0.01 2.0 0.07 67.0 1.3 O + F

27 NS 176 8.20 �75 30.6 1.7 0.1 0.1 0.7 0.12 2.7 0.03 0.05 2.0 0.02 0.4 0.03 100.0 1.9

28 NS 172 8.08 �68 17.1 6.8 6.6 1.6 19.3 0.14 2.2 0.01 0.20 1.0 0.03 0.9 0.12 97.0 6.9 O

29 NS 207 8.12 �71 34.6 8.0 1.1 0.3 1.4 0.13 1.3 0.02 0.04 7.0 0.04 1.7 0.06 130.0 5.0 O + F

30 NS 209 7.60 �41 16.5 6.3 11.0 5.3 32.6 0.18 4.0 0.01 0.55 9.0 0.05 10.6 0.15 84.0 1.6

31 NS 118 7.88 �50 17.9 2.5 2.1 1.6 4.7 0.12 1.8 0.04 0.06 8.0 0.03 0.7 0.10 60.0

32 NS 25 7.04 �8 2.1 0.4 1.2 0.4 3.3 0.13 2.7 0.03 0.06 1.0 0.04 0.5 0.04 8.0 2.0

33 NS 53 6.47 24 8.6 1.3 5.4 0.9 7.1 0.12 3.1 0.01 0.13 0.0 0.02 4.2 0.03 37.0 O

34 NS 144 7.70 �46 16.1 4.5 5.1 3.3 27.3 0.13 6.2 0.01 0.33 0.0 0.00 2.4 0.16 77.0 25.0

35 NS 322 7.65 �44 3.2 0.3 57.0 0.2 10.7 0.17 0.9 0.01 0.04 62.0 0.02 2.6 0.19 85.0 4.0

36 NS 200 8.17 �73 33.2 3.2 1.1 0.1 0.8 0.15 1.8 0.01 0.10 4.0 0.04 1.2 0.01 114.0 10.0

37 NS 194 8.25 �78 33.5 2.4 0.8 0.2 2.1 0.13 2.7 0.01 0.09 0.0 0.08 0.6 0.02 110.0 6.0

38 NS 22 6.88 1 1.7 0.4 1.4 0.3 3.5 0.14 0.9 0.01 0.08 1.0 0.03 0.6 0.00 9.0 2.0 O

39 NS 221 7.83 �54 17.0 7.2 12.2 3.3 24.6 0.15 10.6 0.01 0.42 15.0 0.02 6.4 0.26 88.0 6.0

40 NS 198 8.28 �79 30.3 4.0 1.2 0.2 1.8 0.14 2.7 0.01 0.12 1.0 0.10 1.5 0.07 105.0 5.0

41 NS 251 8.33 �82 17.7 10.2 14.8 2.3 11.1 0.15 7.5 0.01 0.13 8.0 0.07 2.2 0.10 124.5 12.0

42 NS 89 6.94 �3 7.6 1.2 5.8 1.9 13.6 0.12 2.7 0.01 0.15 15.0 0.06 2.5 0.05 23.0 0.5

43 NS 276 8.04 �66 35.2 4.3 10.0 0.1 11.6 0.15 2.7 0.02 0.13 5.0 0.01 3.7 0.11 137.0 1.0

44 NS 106 6.75 8 8.4 1.2 7.1 1.3 7.8 0.12 1.8 0.01 0.04 1.0 0.04 9.9 0.04 31.0 0.6 O

45 NS 239 8.07 �68 24.3 8.1 6.6 1.2 12.3 0.13 14.2 0.01 0.15 3.0 0.01 2.4 0.16 107.0 5.0

46 NS 72 7.61 �41 9.4 0.9 2.3 0.3 4.2 0.13 2.2 0.01 0.10 3.0 0.06 1.1 0.05 32.5 2.0

47 NS 109 6.45 25 15.9 1.4 1.7 0.4 6.6 0.16 4.4 0.01 0.07 6.0 0.02 0.6 0.02 46.5 3.0 O + F

48 NS 286 8.21 �75 1.1 0.1 58.8 0.3 3.0 0.14 7.5 0.01 0.13 0.0 0.03 1.1 0.08 148.0 O

49 NS 76 7.59 �40 5.0 1.3 5.8 1.6 9.8 0.13 4.0 0.01 0.25 1.0 0.05 3.6 0.09 27.0 4.6 O + F

50 NS 345 8.17 �73 50.9 9.5 2.5 0.6 2.3 0.13 2.7 0.01 0.07 5.0 0.01 2.7 0.09 189.0 2.0

51 NS 151 8.08 �68 15.7 5.9 0.7 0.3 2.0 0.15 1.3 0.03 0.08 0.0 0.01 0.5 0.03 75.0 5.0 O
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52 NS 70 7.48 �34 4.1 1.4 5.1 1.6 8.4 0.12 2.7 0.01 0.21 9.0 0.04 3.1 0.17 17.0 9.5 O

53 PD 31 6.07 47 0.0 0.1 0.8 0.1 0.0 0.16 0.9 0.01 0.06 0.0 0.06 0.0 0.04 2.0 R

54 NS 64 7.24 �20 6.2 3.2 1.0 0.3 3.1 0.15 2.2 0.01 0.11 0.0 0.04 0.8 0.04 35.0

55 NS 238 8.06 �67 28.8 6.8 5.2 0.4 3.4 0.15 2.2 0.01 0.08 9.0 0.08 4.1 0.08 111.0 3.0 O

56 NS 112 7.73 �48 16.6 1.9 2.4 0.5 4.3 0.19 2.2 0.04 0.17 9.0 0.05 1.7 0.06 50.5 3.5

57 NS 164 7.42 �30 7.2 1.2 19.0 2.0 28.2 0.17 0.9 0.01 0.09 1.0 0.04 11.2 0.18 59.5 7.6

58 NS 227 7.99 �63 31.5 5.2 2.8 2.0 4.6 0.21 1.3 0.01 0.10 37.0 0.03 0.9 0.10 84.0 1.0

59 NS 342 8.38 �86 45.0 7.1 15.6 4.7 20.2 0.20 3.1 0.01 0.50 20.0 0.06 4.1 0.28 176.0 0.5 O

60 PD 194 7.37 27 6.9 3.5 1.0 0.3 3.3 0.14 3.1 0.01 0.07 5.0 0.05 1.0 0.08 30.0 2.0 R + O + F

61 NS 662 8.93 �115 8.0 1.9 76.8 0.5 10.5 0.15 0.9 0.01 0.06 35.0 0.04 1.4 0.62 188.0 0.2

62 NS 138 6.93 �2 4.1 1.0 6.4 1.8 11.6 0.13 1.3 0.01 0.47 6.0 0.02 2.9 0.69 20.0 3.0 O

63 NS 361 7.42 �30 9.6 2.1 43.2 1.3 9.7 0.12 3.1 0.01 0.03 1.0 0.02 20.3 0.20 115.0 1.9 O + F

64 NS 540 7.97 �62 11.9 2.6 26.0 0.3 4.9 0.14 1.8 0.06 0.05 11.0 0.01 5.3 0.10 95.0 2.5 O + F

65 NS 278 6.98 �5 6.8 2.4 6.6 0.3 5.0 0.12 1.3 0.01 0.10 1.0 0.05 8.2 0.04 33.0 0.7 O

66 NS 67 7.05 �9 5.6 0.9 3.3 2.0 10.9 0.12 2.2 0.02 0.11 5.0 0.04 1.7 0.08 21.0 13.0 O

67 NS 105 7.83 �54 9.0 0.9 9.5 0.3 5.4 0.13 1.8 0.07 0.10 2.0 0.08 2.0 0.14 50.0 1.0

68 NS 23 6.96 �4 1.1 0.2 1.6 0.3 0.7 0.12 2.7 0.00 0.07 0.0 0.04 0.3 0.00 6.0 1.5

69 NS 133 8.10 �70 18.4 1.9 3.7 0.1 5.8 0.20 1.8 0.02 0.10 4.0 0.06 0.9 0.12 65.0 9.5

70 NS 80 6.88 0 6.6 1.2 5.2 1.6 7.7 0.15 1.3 0.01 0.25 6.0 0.04 4.6 0.14 25.0 1.0 O + F + UV

Minimum 22 6.07 �128 0.0 0.1 0.1 0.1 0.0 0.10 0.9 0.00 0.02 0.0 0.00 0.0 0.00 2.0 0.2

Maximum 662 9.16 47 50.9 19.0 76.8 5.3 32.6 0.21 14.2 0.07 0.55 62.0 0.10 23.3 0.69 189.0 1000.0

Median 158 7.78 �49 13.6 2.4 4.9 0.4 5.7 0.13 2.2 0.01 0.09 4.0 0.04 1.6 0.08 73.5 3.0

Mean 169 7.65 �42 15.3 3.2 8.9 0.9 8.2 0.14 3.1 0.02 0.13 6.4 0.04 3.2 0.10 70.1 21.9

Standard Dev. 110 0.60 36 11.4 3.1 14.1 1.1 7.5 0.02 2.5 0.01 0.11 9.7 0.02 4.3 0.11 45.1 130.8

EC Directive 2500 6.5–9.5 – – – 200 – – 0.5 50 0.5 – 250 – 250 1.5 –

WHO Guidelines – – – – – – – – – 50 0.2 – – – – 1.5 –

Bold italic numbers indicate values exceeding limits of standards. All concentrations (except as noted below) are in mg L�1.
a Type = NS (natural spring water), PD (processed drinking water).
b EC = electrical conductivity (mSiemens cm�1).
c Eh = Oxidation–reduction (Redox) potential (mV).
d Spring discharge (L s�1).
e Treatment methods applied to bottled waters (F: filtration; O: ozonation; R: reverse osmosis; UV: ultraviolet irradiation).
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Table 4
Trace element concentrations obtained on 70 Turkish bottled waters by ICP-MS analysis and comparison of measured values to the EC (1998) and WHO (2006) standards.

Brand code Typea Trace elements

Al As B Ba Br Cd Co Cr Cu Fe Mn Mo Ni Pb Sb Se Sr Ti V Zn

1 PD n.d. 0.20 14.3 4.6 11.5 0.42 n.d. 0.25 n.d. n.d. n.d. 1.13 0.15 0.24 0.36 n.d. 9.1 0.31 n.d. n.d.

2 NS 0.52 0.37 4.2 6.6 60.9 0.30 n.d. 0.34 n.d. 0.85 n.d. 1.22 0.19 0.24 0.37 0.31 233.7 3.39 4.93 2.68

3 NS n.d. 0.13 2.4 6.6 2.9 0.30 n.d. 0.26 1.66 n.d. n.d. 0.57 0.40 0.22 0.33 n.d. 2.0 0.52 n.d. 3.03

4 NS n.d. 0.14 1.9 2.3 3.9 0.30 n.d. 0.22 0.02 0.19 0.54 0.97 0.17 0.22 0.35 n.d. 9.7 0.50 0.04 0.08

5 NS n.d. 0.50 213.2 27.4 93.5 0.30 n.d. 2.14 n.d. n.d. 0.31 0.83 7.48 0.23 0.56 0.14 51.9 1.52 0.44 2.49

6 NS 110.60 0.27 14.6 8.3 30.2 0.29 n.d. 0.50 0.39 48.88 0.64 0.49 0.32 0.26 0.35 0.31 37.4 2.30 0.12 1.97

7 NS n.d. 0.29 3.7 7.4 13.6 0.30 n.d. 0.22 n.d. n.d. 1.57 0.63 1.08 0.22 0.38 n.d. 31.2 0.93 n.d. 0.41

8 NS n.d. 7.42 2.9 1.6 11.5 0.34 n.d. 0.54 n.d. n.d. 0.10 2.14 0.57 0.22 0.33 n.d. 61.2 1.43 0.06 3.22

9 NS 0.88 0.46 9.2 5.3 9.3 0.29 n.d. 0.60 n.d. n.d. n.d. 0.87 0.15 0.22 0.38 0.19 66.8 1.07 5.68 n.d.

10 NS n.d. 0.44 18.4 1.9 52.0 0.29 n.d. 6.40 n.d. n.d. n.d. 0.78 0.14 0.22 0.38 0.22 27.1 1.69 2.75 n.d.

11 NS n.d. 0.66 9.2 18.4 8.6 0.29 n.d. 0.63 n.d. n.d. 0.14 0.89 0.13 0.22 0.38 0.18 77.3 1.06 5.25 101.10

12 NS n.d. 0.17 3.5 3.9 4.6 0.29 n.d. 0.44 n.d. n.d. n.d. 0.43 0.18 0.22 0.35 n.d. 30.4 0.40 n.d. 3.66

13 NS n.d. 0.28 2.7 0.8 14.3 0.29 n.d. 0.44 n.d. n.d. 1.66 0.60 0.14 0.22 0.34 n.d. 43.9 2.09 1.68 0.71

14 NS n.d. 0.13 2.1 0.6 10.1 0.29 n.d. 2.37 n.d. n.d. n.d. 0.49 0.12 0.22 0.39 n.d. 6.7 0.79 n.d. n.d.

15 NS n.d. 0.52 5.0 3.9 6.5 0.29 n.d. 0.63 n.d. n.d. n.d. 0.56 0.16 0.22 0.35 0.01 30.9 0.36 0.39 0.50

16 NS 82.11 1.28 13.3 45.0 27.3 0.29 n.d. 0.34 n.d. 20.97 0.04 0.80 0.13 0.23 0.44 0.02 225.1 4.92 5.74 n.d.

17 NS 0.13 0.39 12.4 3.4 8.1 0.29 n.d. 0.81 n.d. n.d. n.d. 0.68 0.09 0.21 0.35 0.18 69.4 1.15 9.71 n.d.

18 NS n.d. 0.98 5.0 7.1 6.2 0.29 n.d. 0.64 n.d. n.d. n.d. 1.84 0.14 0.21 0.41 0.14 52.6 0.31 0.18 0.24

19 NS n.d. 0.57 3.0 2.3 8.4 0.30 n.d. 0.54 0.03 n.d. 0.47 3.17 0.21 0.21 0.39 0.05 38.7 1.36 0.33 0.89

20 NS n.d. 0.63 8.8 18.9 7.1 0.29 n.d. 0.58 n.d. n.d. n.d. 0.73 0.11 0.21 0.37 0.15 103.3 1.07 3.68 n.d.

21 NS n.d. 0.71 8.6 17.2 6.6 0.29 n.d. 0.58 n.d. n.d. n.d. 0.69 0.10 0.21 0.39 0.16 104.9 1.02 3.69 n.d.

22 NS n.d. 0.38 3.6 18.3 4.5 0.29 n.d. 0.37 n.d. n.d. n.d. 1.97 0.12 0.21 0.39 0.01 53.5 0.67 0.90 n.d.

23 NS n.d. 4.55 2.3 2.2 10.6 0.30 n.d. 0.21 2.57 n.d. n.d. 0.68 0.61 0.22 0.36 n.d. 92.5 1.76 n.d. 25.26

24 NS n.d. 0.43 12.2 0.9 8.6 0.29 n.d. 0.81 n.d. n.d. n.d. 0.36 0.11 0.21 0.52 0.07 33.5 1.52 7.58 0.48

25 NS 131.10 1.51 30.3 1.2 70.1 0.29 n.d. 0.61 n.d. 35.57 0.56 0.56 0.22 0.31 0.43 0.07 21.4 5.30 0.13 0.78

26 NS n.d. 0.17 4.7 0.9 12.0 0.29 n.d. 0.69 n.d. n.d. 0.01 0.38 0.13 0.22 0.36 0.28 52.2 1.67 6.36 0.53

27 NS 2.37 0.29 1.6 3.6 4.6 0.29 n.d. 0.49 n.d. 0.21 n.d. 0.26 0.14 0.21 0.35 0.01 19.5 0.31 0.21 n.d.

28 NS n.d. 0.73 5.2 3.9 13.3 0.29 n.d. 1.01 n.d. n.d. n.d. 0.41 0.15 0.22 0.33 n.d. 150.5 3.06 5.05 80.93

29 NS n.d. 0.31 3.7 14.2 11.3 0.29 n.d. 0.42 n.d. n.d. n.d. 1.63 0.19 0.21 0.37 0.08 519.3 0.40 1.24 1.07

30 NS 5.32 2.21 22.3 23.0 58.5 0.29 n.d. 0.76 n.d. 2.74 0.06 0.43 0.17 0.23 0.43 0.14 145.6 4.79 4.56 1.59

31 NS 0.07 0.23 2.2 13.8 6.2 0.30 n.d. 0.31 n.d. 0.21 n.d. 3.21 0.15 0.21 0.35 0.05 76.9 0.82 0.47 0.38

32 NS 2.06 0.15 1.3 3.4 3.3 0.50 n.d. 0.17 n.d. 0.88 0.10 0.43 0.16 0.21 0.33 n.d. 13.3 0.71 n.d. 3.97

33 NS n.d. 0.52 3.7 360.1 25.5 0.30 n.d. 0.23 5.51 n.d. 2.74 0.20 0.52 0.22 0.38 n.d. 22.4 0.82 0.03 4.06

34 NS 0.07 9.90 23.5 35.7 21.1 0.29 n.d. 1.18 n.d. n.d. n.d. 1.47 0.17 0.21 0.65 0.11 202.8 3.94 6.91 n.d.

35 NS n.d. 3.52 308.5 1.8 15.2 0.29 n.d. 0.18 n.d. n.d. n.d. 2.80 0.10 0.21 0.48 n.d. 21.3 1.61 0.01 n.d.

36 NS 2.00 4.00 16.1 13.3 8.4 0.29 n.d. 0.26 n.d. n.d. n.d. 0.40 0.12 0.21 0.54 0.01 62.5 0.31 0.09 n.d.

37 NS 0.14 0.28 4.3 6.0 6.6 0.29 n.d. 0.99 n.d. n.d. n.d. 0.27 0.10 0.21 0.96 0.09 41.3 0.52 1.29 n.d.

38 NS n.d. 0.17 2.3 3.1 5.4 0.29 n.d. 0.34 n.d. n.d. 0.04 0.21 0.16 0.21 0.36 n.d. 11.6 0.74 n.d. 0.19

39 NS n.d. 6.73 40.0 10.4 31.6 0.29 n.d. 1.15 n.d. n.d. 0.36 2.47 0.14 0.22 0.41 0.07 131.9 3.70 16.92 n.d.

40 NS n.d. 0.20 6.3 3.7 9.7 0.29 n.d. 0.70 n.d. n.d. n.d. 0.27 0.13 0.21 0.35 n.d. 76.5 0.49 0.65 n.d.

41 NS 1.12 0.61 8.0 0.8 21.8 0.29 n.d. 3.12 n.d. n.d. n.d. 1.51 0.13 0.22 0.34 0.09 136.4 1.99 14.07 n.d.

42 NS 0.22 2.49 26.1 37.4 27.5 0.29 n.d. 0.24 n.d. 0.43 0.05 0.29 0.90 0.22 0.92 n.d. 51.9 2.25 0.29 1.42

43 NS 1.29 0.32 7.7 0.4 18.9 0.29 n.d. 0.19 n.d. 0.12 n.d. 0.31 0.11 0.22 0.38 0.09 54.9 1.99 5.60 n.d.

44 NS n.d. 0.17 3.4 49.7 61.0 0.33 n.d. 0.42 n.d. n.d. 1.41 0.18 3.81 0.22 0.71 0.08 34.7 1.35 0.04 8.45

45 NS n.d. 0.37 6.7 0.9 33.4 0.29 n.d. 1.13 n.d. n.d. n.d. 0.68 0.15 0.21 0.37 0.09 154.0 2.05 7.09 n.d.

46 NS n.d. 0.43 2.9 5.2 16.4 0.30 n.d. 0.22 6.78 n.d. 0.23 0.21 1.69 0.23 0.38 n.d. 63.7 0.85 n.d. 11.91

47 NS 4.62 0.28 11.8 4.7 4.2 0.29 n.d. 0.20 n.d. 0.12 0.39 0.27 0.13 0.21 0.38 0.04 48.0 1.21 0.14 n.d.

48 NS 16.88 0.50 5.7 0.7 10.1 0.29 n.d. 0.46 n.d. 8.10 0.10 0.29 0.15 0.24 0.37 0.06 2.5 0.93 0.62 0.73
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49 NS n.d. 1.55 3.8 11.9 31.3 0.30 n.d. 0.28 n.d. n.d. 0.40 0.24 0.48 0.22 0.34 0.03 34.5 1.78 0.12 0.57

50 NS 0.77 0.97 15.6 16.1 15.9 0.29 n.d. 0.50 n.d. n.d. n.d. 0.95 0.12 0.21 0.41 0.07 97.0 0.57 0.70 n.d.

51 NS n.d. 0.15 1.4 3.7 4.0 0.29 n.d. 0.23 n.d. n.d. n.d. 0.64 0.10 0.21 0.35 n.d. 14.2 0.51 0.27 n.d.

52 NS n.d. 2.74 5.8 2.6 22.9 0.30 n.d. 0.18 n.d. n.d. 0.04 0.70 0.56 0.21 0.42 0.04 23.2 1.55 n.d. 0.23

53 PD n.d. 0.12 4.8 0.3 0.7 0.29 n.d. 0.26 n.d. n.d. n.d. 0.17 0.17 0.21 0.34 n.d. 0.7 0.16 n.d. n.d.

54 NS n.d. 0.90 21.5 1.8 3.3 0.29 n.d. 0.16 n.d. n.d. n.d. 0.30 0.22 0.21 0.35 n.d. 40.1 0.68 1.14 1.45

55 NS 0.40 0.51 62.8 28.1 18.9 0.29 n.d. 0.65 n.d. n.d. n.d. 1.72 0.11 0.22 0.38 0.05 129.3 0.74 0.87 n.d.

56 NS 0.11 0.91 3.3 7.5 16.7 0.29 n.d. 0.25 n.d. n.d. n.d. 0.30 0.62 0.21 0.43 0.02 50.9 0.85 n.d. 0.39

57 NS 5.06 4.93 47.6 0.9 54.9 0.29 n.d. 0.23 n.d. 1.32 n.d. 1.22 0.11 0.22 0.52 0.09 18.8 4.19 0.05 n.d.

58 NS n.d. 0.43 3.1 20.5 7.7 0.31 n.d. 0.31 n.d. n.d. 1.03 15.33 0.15 0.21 0.44 0.13 207.9 0.88 0.63 n.d.

59 NS n.d. 5.09 70.9 85.0 23.1 0.30 n.d. 0.24 n.d. n.d. n.d. 1.23 0.24 0.32 0.58 0.14 432.7 3.36 2.22 5.53

60 PD n.d. 1.05 22.7 2.2 3.8 0.32 n.d. 0.17 n.d. 0.64 n.d. 0.35 0.14 0.23 0.29 n.d. 45.2 0.72 1.27 1.03

61 NS 2.03 30.63 268.3 3.7 15.8 0.29 n.d. 0.26 n.d. n.d. 0.08 6.58 0.11 0.22 1.23 n.d. 137.2 1.76 1.02 n.d.

62 NS 7.55 8.48 9.8 1.5 22.4 0.32 0.22 0.16 0.37 n.d. 0.24 1.08 1.05 0.22 0.58 0.06 16.8 2.13 n.d. 1.11

63 NS 0.84 0.37 75.1 49.6 108.5 0.31 n.d. 1.09 n.d. n.d. 3.38 0.65 4.72 0.22 1.06 0.03 76.9 1.68 0.17 16.43

64 NS n.d. 0.18 6.7 1.5 13.2 1.34 n.d. 0.25 n.d. n.d. n.d. 0.25 0.23 0.22 0.70 0.17 48.2 0.96 0.23 0.77

65 NS n.d. 0.22 6.0 18.3 48.2 1.15 0.57 0.20 0.62 0.17 47.96 0.23 1.55 0.22 0.93 0.18 34.8 1.00 n.d. 364.80

66 NS n.d. 1.49 8.8 31.4 28.4 0.34 n.d. 0.42 2.13 n.d. 0.26 0.22 1.57 0.23 0.52 0.02 36.7 1.92 0.04 7.27

67 NS n.d. 0.39 34.1 8.2 11.7 0.64 n.d. 0.17 n.d. n.d. 0.01 0.24 0.16 0.21 1.01 0.03 29.4 1.03 0.97 1.20

68 NS n.d. 0.14 43.3 0.7 1.4 0.34 n.d. 0.14 0.93 n.d. 0.01 0.16 0.13 0.22 1.15 n.d. 3.6 0.26 n.d. 3.18

69 NS 1.62 0.35 4.6 0.6 7.9 0.29 n.d. 1.01 n.d. 0.18 n.d. 0.37 0.10 0.21 0.34 0.06 47.5 1.18 9.65 0.24

70 NS 73.36 0.43 4.8 42.4 27.1 0.30 n.d. 0.37 n.d. 32.77 1.51 0.23 0.18 0.24 0.34 0.05 75.2 3.37 0.77 3.23

Minimum 0.07 0.12 1.3 0.3 0.6 0.29 0.22 0.14 0.02 0.12 0.01 0.16 0.09 0.21 0.29 0.01 0.7 0.16 0.01 0.08

Maximum 131.10 30.63 308.5 360.1 108.5 1.34 0.57 6.40 6.78 48.88 47.96 15.33 7.48 0.32 1.23 0.31 519.3 5.30 16.92 364.80

Median 1.62 0.44 6.5 4.7 11.8 0.29 0.40 0.40 0.93 0.75 0.28 0.58 0.15 0.22 0.38 0.08 48.1 1.07 0.87 1.42

Mean 16.79 1.71 23.6 16.4 20.1 0.33 0.40 0.63 1.91 8.57 2.08 1.08 0.51 0.22 0.47 0.10 74.4 1.50 2.64 15.58

Standard Dev. 36.36 4.07 54.1 44.4 21.2 0.17 0.25 0.87 2.27 15.19 8.41 1.99 1.13 0.02 0.21 0.08 88.4 1.20 3.69 57.89

EC Directive 200 10 1000 – – 5 – 50 2000 200 50 70 20 10 5 10 – – – –

WHO Guidelines – 10 500 700 – 3 – 50 2000 – 400 70 70 10 20 10 – – – –

n.d. = not detected or values below ICP-MS detection limits given in Table 2. All concentrations are in mg L�1.
a NS = natural spring water, PD = processed drinking water.
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Fig. 2. Graphical comparison of the study results with the values reported on the bottled water labels. Whiskers in the graphs indicate concentration range (min.–max.) for the

parameters. Filled and empty boxes indicate mean concentration values obtained by this study (&) and values reported on the bottled water labels (&), respectively.
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evaluated, since no health-based PVs or GVs were determined for
those elements by both EC (1998) and WHO (2006).

3.3. Comparison of analytical results with the reported label values

Comparison of the study results with the reported label values
for (a) major species (Ca, Mg, Na, K, Si, NH4

+, Cl�, HCO3
�, F�, SO4

2�,
PO4

3�, NO3
�, NO2

�) and (b) trace elements (Al, As, B, Ba, Br, Cd, Co,
Cr, Cu, Fe, Mn, Mo, Ni, Pb, Sb, Se, Sr, Ti, V, Zn) were made in Fig. 2. As
it is seen in this figure, no concentration values were reported on
the bottle labels for the parameters NO2

�, PO4
3�, Si, Ba, Br, Co, Mo,

Sr, Ti and V. Hence, for these parameters no comparison can be
made. Mean concentrations of analytical and labeled values are
relatively close for the major species, but they are generally lower
than the values reported on the bottle labels (Fig. 2a). Nevertheless,
a similar trend was not observed for the trace elements (Fig. 2b)
and comparison of analytical and labeled values reveals no
relationship between the two. It should be noted that the number
of reported label values is much lower than (in some cases missing)
the number of analytical results for a long range of major and trace
elements, which significantly hinders comparison of the results.
However, statistically significant (at p < 0.05 level) but low
correlations (r) exist between the analytical and labeled values
of pH (0.65), Ca (0.69), Mg (0.68), Na (0.59), K (0.65), B (0.68), Cl�

(0.76), SO4
2� (0.68), F� (0.56), and NO3

� (0.35). For the rest of the
parameters, especially for the trace elements, no significant
correlations were present. These results may be due to the fact
that the waters are subjected to several processes before bottling
(e.g. filtration, ozonation, purification, ultraviolet irradiation,
removal and/or addition of certain elements/minerals). Most of
the time, these processes are not indicated on the bottle labels
(Table 3). Additionally, information reported on the bottle labels is
simply based on analysis results obtained several decades ago,
during which significant changes may have occurred in the source
water chemical composition. The abnormal differences between
measured and labeled values can be due to simply a typographic
error on labels (e.g. wrong decimal places or reporting units).
Furthermore, additional changes to water chemistries can occur
during the storage of the bottles such as (co)precipitation of
constituents or leaching of some constituents from the bottle, as
well as from production line of the bottling plant itself. Another
reason for the observed changes may be due to accuracy, precision
or detection limits of the employed analytical methods/instru-
ments used. Whatever the reason for the change, the results have
shown that there can be a significant difference between labeled
and measured values, which is even more pronounced for the trace
element data. It is believed that with this study, for the first time, a
synoptic survey of the Turkish bottled waters was conducted using
a unified methodology (e.g. analysis were made using the same
methods and instruments).
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4. Conclusions

In this work, a survey of the major and trace element
content of 70 bottled water brands currently sold in Turkish
market was carried out. The physicochemical quality (physical
parameters, major constituents and trace elements) of the
brands studied was extremely variable, which possibly depends
on many factors such as; natural environment (geological
setting, climate, topography, etc.), source water composition
and type of treatment/purification technique(s) applied
during the production. Additional changes in the water
chemistries may also occur during storage and transportation,
especially when bottles are exposed to direct sunlight. Of the 70
brands of bottled water studied, a total of 4 water treatment/
purification techniques (filtration, reverse osmosis, ozonation,
and ultraviolet irradiation) were used by the various brands as
indicated on their labels. Al, Co, Cu, and Fe were non-detectable
in most of the samples. Some bottled water samples had low pH
values and high concentrations of non-essential elements (e.g.
As) exceeding the EC and WHO drinking water standards.
These bottled water brands may not be suitable for human
consumption. As shown by previous studies arsenic can cause
chronic or acute poisoning and should be eliminated from
drinking water. Other elements detected were all below the PVs
established by the EC and were within the WHO GVs. Mn
concentration in one brand was measured 47.96 mg L�1; which
is very close to EC PV of 50 mg L�1. On the contrary several
brands had very low electrical conductance (EC) values
(<40 mSiemens cm�1) and major ion concentrations (below
1 mg L�1). These waters are either naturally low in TDS or
artificially stripped of their mineral contents. As previous
studies have shown, long-term consumption of waters low in
minerals (e.g. calcium, magnesium and fluoride) may be
responsible for important health problems. Therefore, new
international water quality standards determining the minimum
acceptable limits for these compounds are needed to protect
public health. Additionally, no standards have been established
by both EC and WHO for the following parameters analyzed
during this study: Eh, Ca, Mg, K, Si, PO4

�3, SO3
�2, HCO3

�, Br, Co,
Sr, Ti, V, and Zn.

The number and type of parameters reported on the labels of
Turkish bottled water showed a lack of homogeneity. Basic
parameters (major ions) were usually indicated, whereas, for
example, none of the brands reported concentration values of
NO2

�, PO4
3�, Si, Ba, Br, Co, Mo, Sr, Ti or V on the bottle labels. On the

whole, the concentration of species measured in this study was
slightly lower than the values reported on the labels. This study has
also shown that bottled water is not necessarily safer than tap
water, and consumers should be aware of this fact. Additionally, in
light of these findings and recent concerns about arsenic in some
provinces of Turkey (e.g. İzmir and Ankara), there is a need for a
nationwide survey about the quality of municipal waters (e.g. tap
water) as well.
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Verd, V.S., Domı́nguez, S.J., González, Q.M., Vidal, M.M., Mariano, S.A.C., de Roque, C.C.,
Sevilla, M.J.M., 1992. Association between calcium content of drinking water and
fractures in children (in Spanish). Anales Españoles de Pediatrı́a 37, 461–465.
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