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Abstract: Heavy metals are toxic elements for human and they may enter the human body through
polluted water. Consumption of bottled water is a proper choice when no safe water is available or
water treatment is difficult, but the safety of bottled water is important and it is necessary to monitor
toxic and trace metal contaminants. This study was conducted for the measurement and determination
concentrations of toxic metals such as cadmium (Cd), chromium (Cr) and lead (Pb) in bottled water. A
descriptive- analytical and cross-sectional study was conducted for the determination of Cd, Cr and
Pb in thirteen brands of bottled water available at the Tehran stores. After sampling, the toxic trace
elements were extracted and then their contents (or concentrations) were determined using in bottled
water samples by using Atomic Absorption Spectrometry. The results showed that mean concentrations
of Cd, Cr and Pb in examined samples of bottled water were 1.5+ 0.34, 1.06£0.72 and 3.18+0.44 pg/l,
respectively. All of the examined samples had these trace elements in concentration below WHO
guidelines, EPA standards and Iranian drinking water standards. It can be may be assumed that there
is no basic public health problem by consumption of examined bottled water in regarding these toxic
metals.
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1. Introduction. essential elements for human life while
some other trace elements (silver, mercury,

Consumption of bottled water is a proper aluminum, arsenic, cadmium, chromium,
choice when no safe water is available or lead and nickel) are potentially toxic
water treatment is difficult. Use of bottled [2,3,4]. Many inorganic elements have a
water has considerably increased around dual role in body physiologies and they are
the world in recent years [1]. Nowadays, essential in low concentrations but toxic in
bottled water is being used in many places high amounts [5]. Epidemiological studies
due to its availability, low cost, better in recent years have indicated that there are
quality and taste. Water is a vital material relations between content of trace elements
for human being and it is one of the main in drinking water with some Kkidney and
sources of trace elements intake in the heart disorders and also different types of
body. Thus, its quality considerably affects cancer [6]. Cadmium life time in bones is
our health. Trace elements such as cobalt, thirty years and this element is a
copper, iron, manganese, molybdenum, carcinogen. Also, lead is a neurotoxinand it
selenium and zinc can be classified as is responsible for many toxic effects in
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human body [7]. The Polluting of bottled
water can arise from filling by
contaminated water or leakage raw
materials through packaging to water in to
bottles. According to many studies, toxic
metals may release from PET (Poly
ethylene tere-phthalate) into the water
bottle [6,7,8].Usually, water bottles are kept
at room temperature and a large number of
consumers may keep many water bottles
for necessary cases that it may cause the
increased risk of leakage of metals from
bottle wall into stored water [7]. The aim of
this study was to analyse and evaluate
content of toxic trace metals including
cadmium (Cd), chromium (Cr) and lead
(Pb) in domestic brands of bottled water
available at the Tehran market by using
Atomic Absorption Spectrometry and to
compare our results with international
guidelines and Iranian standards.

2. Materials and methods
2.1. Sample collection

26 samples of 1.5L bottled water of thirteen
different commercial domestic brands were
randomly collected from shops and
supermarkets of Tehran City, Iran. Two
samples with different production dates of
each brand were collected. The bottles were
sent to laboratory and they were preserved
at 4°C until analyses (not more than a
week). The commercial brands of bottled
water were Damavand, Kooh Dasht,
Damash, Zam Zam, Nestle, Polur, Kooh
Rang, Hobab, Bidestan, Dasani, Siva, Vata
and LuBon.

2.2. Metals Analysis

Using standard methods [9], concentration
of cadmium, chromium and lead was
measured by atomic absorption
spectrometer Varian Techtron (Model
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1200). The measurements were done at a
specific wave length for each element
(cadmium at 288.8, chromium at 357.9 and
lead at 217 nm) and the instrument was
calibrated by distilled water and also by the
standard solutions. To achieve a suitable
detection limit for desired elements, all
standard and sample solutions were
concentrated twenty times by means of a
hot plate to evaporat.

The mean absorbance produced by the
standards (corrected for the standard blank)
was plotted vs the concentration of the
analyte in the sample to produce an external
calibration curve. The concentration of the
analyte in the sample was calculated from
the following equation: [M]= (C x V)/SV;
where [M] is the concentration (ug/l) of in
original sample, C is the concentration of
metal in the analytical sample as calculated
from standard curve in units of pg/l, V is
the volume of the analytical sample in units
of ml and SV is the volume of the sample
employed to concentrate in units of ml.

Detection limit was about 0.1ug/l after
concentration. All the recoveries of the
metals studied were over 95%.

2.3. Statistical analysis

For the analyzing data, SPSS 11.5 and
descriptive  statistics (mean standard
deviation) and  analytical  statistics
(ANOVA and TUKEY with POST HOC
method) were used. A probability level of

p<0.05 was considered statistically
significant.

3. Results and discussion

The results show that the mean

concentration of cadmium, chromium and
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lead in bottled water in Tehran was 1.5+
0.34, 106t 0.72 and 3.18+0.44ug/l
respectively (Table 1). ANOVA test
showed that mean concentrations of these
trace elements is significantly different in

all the samples (p<0.5).Also, TUKEY test
with POST HOC method showed that there
is a significant difference in concentrations
of cadmium, chromium and lead in some
samples (p< 0.5).

Table 1.
Standard deviation and mean for trace metal concentrations in bottled water samples
Brand Cadmium* chromium Lead*
Mean(+SD) Mean(+SD) Mean(+SD)
Damavand ND 0.88 +0.02 5.1 £0.64
Kooh Dasht 1.7 £0.24 05011 1.85 +0.61
Damash 0.43 £0.15 1.32+0.6 1.85 +0.62
Zam Zam 1.72 +0.44 2.22 +0.67 3.7+1.28
Nestle 1.7 £0.34 1.4 £+0.56 ND
Polur 1.72 +0.84 1.8 £0.56 7.55+0.78
Kooh Rang ND 0.7 +0.28 2.77 £0.92
Hobab 1.72 +0.44 0.9+0.18 5.55 +3.23
Bidestan 8.05+0.78 2.140.14 6.8 £0.85
Dasani 0.85+0.2 0.92 +0.6 1.85 +0.61
Siva 1.4+0.78 05011 0.49 +0.01
Vata ND 0.15 +0.05 0.4 £0.56
LuBon 0.45 £0.59 0.38 +0.16 0.45 +0.28
Total 1.55+0.34 1.06 £0.72 3.18+0.44
Iranian standards 10 50 10
WHO guideline 3 50 10
EPA standard 5 100 15

* Means are given in pg/l
ND: Not detectable

Concentrations of cadmium, chromium and lead in different brands are compared

in Fig.1.
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Fig 1. Comparisons of toxic metals analysis in different brands of bottled water.
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In the examined bottles, mean concentration of
cadmium in the brand of Bidestan (8.05ug/l) is
significantly different from the other brands (p<
0.5) and its concentration is lower than Iranian
drinking water standard (<10 pg/l) [10]. This is
due to different reasons such as type of source
of bottled water or long period of water storage
in bottles. Some studies reported that there is
probability of increase of  cadmium
contamination due to the long period of water
storage in bottles. They referred that cadmium
concentration in some brands was above WHO
guidelines and EPA drinking water standards (3
and 5 pg/l, respectively) [11,12]. Comparisons
of mean concentrations of toxic metals in
bottled water obtained from Tehran market and

other countries is shown in Table 2. In present
study, cadmium concentration in examined
samples is higher than those of other countries.
Maximum concentration of chromium was
found in Zam Zam brand (2.22ug/l). The mean
concentration of chromium in the brands of
Zam Zam and Bidestan is significantly different
from other brands. This can be caused by
different types of source of bottled water but
the concentration of chromium is lower than
Iranian drinking water standards (50 pg/l) [10].
Chromium concentration in these samples is
lower than in the samples from Greece and
Kuwait. Also, these concentrations are below
WHO guidelines and EPA drinking water
standards.

Table 2.

Comparisons of mean concentrations of toxic metals in bottled water obtained from Tehran market and

other countries

Cog}g:;)é lglruar:]]g(sar of cadmium* | chromium#* | lead* reference
Turkey 15 <0.001 0.0056 <0.001 [13]
Kuwait 6 0.013 2.95 0.04 [14]
Greece 4 26 0.02 [4]
India 6 <0.05 - <0.05 [15]
Croatia 18 0.016 0.31 0.091 [2]
Greece 16 0.291 0.101 [5]
Canada 34 0.2 - 53 [7]
Iran 13 1.52 1.06 3.18 | [present study]
* Means are given in pg/I
Concentration of lead in brand Polur is of cadmium, chromium and lead is

significantly different from other brands.
This can be caused by different reasons
such as type of source of bottled water or
long period of water storage in bottles.
According to the studies of Pip [7], EHP
[6] and Shotyk and Krachler [8,16], there is
a probability of dissolution of metals from
the bottles during long storage. In present
research, concentration of lead was lower
than WHO guidelines and EPA and Iranian
drinking water standards (lower than 10
ug/l) [10]. Also, the highest concentrations
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determined in brands of Bidestan, Zam zam
and Polur, respectively (Fig.1). By
comparison of the mean concentration of
heavy metals in samples, the maximum
concentration in these metals was attributed
to lead (3.18+0.44 pg/l) and it is similar to
Pip [7] and [17]. Pip [7] reported that 40
brands of imported and local bottled
drinking water available in Manitoba,
Canada was studied and it was reported that
concentration of lead was more than 5 pg/l
and from examined bottle water samples.
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Typically, all metals are somewhat soluble
in water and excess concentrations of any
metals can affect human health. Toxic
metals can accumulate in body and can be
brought into body by water, air and food
sources and even low concentration of
these metals can be important because of
accumulation. Since bottled water is
usually stored in polyethylene terephthalate
(PET), plastic bottles or glass bottles, the
releasing of metals from bottle to inside
water can occur. Studies in different
countries had shown this problem
[8,16,18,19]. Although the low
concentrations of these metals are
measured in these bottles which are lower
than drinking water guidelines and
standards but, due to their cumulative and
toxic effects, they are important in point
view of health. Thus, they are in concern
for public consumptions. Therefore,
monitoring of these waters usually is
necessary to cause the probable concerns.

4. Conclusion

As there is growing use of bottled water,
therefore monitoring of its quality is neces-
sary. The study shows that most distributed
bottled water brands in Tehran have a good
quality considering toxic trace elements
and meet drinking water guidelines and
standards. But more studies are necessary
for determination other toxic metals such as
aluminum, mercury, arsenic.
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