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Abstract: The consumption of bottled drinking water has increased considerably in the recent years. The main objective of
this study was to investigate the changes of total organic carbon (TOC) level in bottled water under various environmental
stress conditions. In this study, samples of drinking water were taken just before and after bottling process from three mineral
water bottling plants in Tehran province, and the comparison of the levels of TOC content of the water was evaluated before
and after bottling process, and at the end of the consumption period. The results indicate that TOC level in mineral water
increases over time. There were very few changes of TOC level in the bottled water after one day. After one month and then
three months, the changes became more significant in a way that the TOC level increased from 1.6 to 2.33 mg/L. Studying the
bottled waters just few days left to their expiration dates revealed that the level of TOC increased twice, i.e. from 1.6 to 2.9
mg/L. Also, the level of TOC in samples changed significantly one month after the expiration date, and it increased from the
initial 1.6 to 3.2mg/L. The level of TOC in samples exposed to sun was almost four times more, and reached its highest level

of 5.47 mg/L. Also, the level of changes in samples after freezing increased from initial 1.6 to 4.11 mg/L.
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1. Introduction

Consumption of bottled drinking water has increased
considerably in the recent years (Zandvakili et al., 2005).
This increasing trend is probably due to the consumers'
perception of the good quality and safety of bottled waters
(Ali Mohammadi, et al., 2013; Loloei, etc. 2009). The
research on the quality assessment of bottled water has a long
history and includes a variety of fields [1]. Polyethylene
terephthalate (PET) bottles can affect the chemical properties
of water inside the bottle over time [2]. These effects can
include the migration of mineral or organic compounds as
well [3]. Storage conditions can affect the severity of these
changes [4]. Organic compounds released from these
containers can result in the potential risk of poisonous
contents for genes, negative effects on endocrine system and
cancers [5]. Unfortunately, there has not been a proper study
in this regard in Iran. Careful examination of the organic
materials is a time consuming and costly process [6]. Instead
of measuring the water in parts, the level of TOC changes

can be measured [7-10]. Therefore, this study tries to
measure the changes resulting from the organic materials of
PET bottles in the water at the time of production, after three
months from the production date and under different light
and temperature conditions.

2. Materials and Devices

TOC test can be conducted in both online and offline
manners using the calibrated equipment in the laboratory.
The accuracy and correctness of the tools should be
evaluated periodically in accordance with the following
procedure. Also, it is necessary for the device to be able to
detect values less than or equal to 0.05 ppm of carbon. The
amount of TOC was measured using a spectrophotometer.
The unit of this variable was considered as mg/L. The
recommended level for this variable in refined water is 2
mg/L (TCEQ, 2002; Mamba, et al., 2008).

The sample size of the study was 2.5 liters according to the
TOC instructions put forth by the department of water
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resources of the Texas Commission on Environmental Quality
(TCEQ, 2002). The number of samples was determined
according to the available facilities and with the assumption
that some slight changes might occur in the volume of input
water to the process and using the description of the sampling
plan contained in the TOC guidelines of the water resources
department of the TCEQ (2002).

Sampling

This study used standard volumes of samples (at least 0.5
liter) from water bottling plant according to the standard
methods of sampling (11). Then, using a combination of
methods utilized in the studies of Joneidi et al. (3) and Ali
Mohammadi et al. (5), the bottles were exposed to
environmental stress for a maximum period of three months.
At the end of the TOC test, the standard procedure (1) was
followed.

In order to investigate the effects of the mentioned factors
on TOC contents of the bottled waters during the period of
consumption, three water samples were taken immediately
before and after the bottling process from three water bottling
plants (Damavand, Nestlé Pure Life, Aquafina) and their
TOC levels were measured. Then, five water samples were
selected from among these brands as follows: water bottled 1
month ago, water bottled 3 months ago, water expired 1
month ago, water exposed to sunlight and water after
freezing. Then, the TOC contents in these samples were
measured. The seasonal changes of the TOC contents in all
the three factories were assumed to be zero. The residual
amount of TOC level difference at the end of the
consumption period of the level of this component after
bottling was attributed to the effect of the expiration of the

consumption period under the storage conditions in Iran's
markets. The difference between the aforementioned level
and TOC level before bottling was attributed to the overall
effect of bottling of water in PET containers during the
consumption period.

The TOC test method was conducted according to the
standard set of 5310 in the book of the standard methods for
the examination of water and wastewater (32) and in
accordance with the guidelines mentioned in the book of
physico-chemical tests to control water quality (1). The
sample size was 0.5 liter according to the TOC instructions
put forth by the department of water resources of the TCEQ
(30). The number of samples was determined according to
the available facilities and with the assumption that some
slight changes might occur in the volume of input water to
the process and using the description of the sampling plan
contained in the TOC guidelines of the water resources
department of the TCEQ (30).

3. Results and Discussion

Three samples were taken from the water resources of
three different brands, including Aquafina, Nestlé Pure Life
and Damavand, before bottling. Two samples were taken
from each brand: the first samples were taken from among
the bottles filled at the same day, and the second samples
were taken from the bottles that would expire in a few days.
The levels of TOC contents in the samples were measured on
the last day of expiration date. In the last step, the samples
expired at least one week ago were analyzed for TOC. The
results are shown in Tables 1 to 6.

Table 1. Results of TOC (mg/L) in bottled water.

Brand Before bottling One day after bottling One month after bottling Three months after bottling
Damavand 1.37 1.69 2.11 2.14
Nestlé Pure Life 1.86 1.92 2.26 233
Aquafina 1.55 1.77 2.18 2.21

In pre-bottled samples, the TOC level was about 1.6, but after three months the level of TOC changed significantly. Table 2
shows the extent of changes in TOC at the time of expiration and after that, experiencing environmental stresses, exposed to

sunlight and after freezing.

Table 2. Results of TOC (mg/L) in bottled water.

Brand Near expiration date One month after expiration  Exposed to sunlight After freezing
Damavand 2.89 3.07 4.97 4.22
Nestlé Pure Life 291 2.97 5.25 4.15
Aquafina 3.06 3.21 5.14 3.89

The results indicate that there has not been a dramatic change compared to the results of one month after bottling. However,
it seems that time is an effective factor. The results of table 2 show that the TOC level in samples increases as the expiration
date approaches. The results of the sampling and analysis one month after the expiration date indicate that the TOC level is
higher than before the expiration date. The results of the sampling and analysis of samples after freezing indicate the effect of

environmental conditions on the amount of TOC.
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Figure 1. Results of TOC (mg/L) in bottled water under environmental stresses.
Table 3. Results of TOC (mg/L) in the waters bottled in winter.

Brand Before bottling After bottling In distribution and consumption place
Damavand 1.37 1.54 2.26
Nestlé Pure Life 1.86 1.88 247
Aquafina 1.55 1.68 2.54

The value tested in Table 3 shows very little change after bottling. TOC level increases after expiration date and during the
final distribution. Damavand mineral water showed more changes compared to the other two brands.

Table 4. Results of TOC (mg/L) in the waters bottled in spring.

Brand Before bottling After bottling In distribution and consumption place
Damavand 1.51 1.61 2.19
Nestl¢ Pure Life 1.76 1.85 251
Aquafina 1.68 1.72 2.49

The results of sampling for the second time indicated that there is no change in the level of TOC during bottling in the hot
season, but time passing is still an effective factor in increasing the amount of TOC (Tables 4 and 5).
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Figure 2. Results of TOC (mg/L) in the waters bottled in spring and winter.
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Table 5. Results of TOC (mg/L) in waters bottled in summer.

14-18 17

Brand Before bottling After bottling In distribution and consumption place
Damavand 1.48 1.69 291
Nestlé Pure Life 1.65 1.86 3.08
Aquafina 1.62 1.77 3.11
Table 6. Results of TOC (mg/L) in waters bottled in autumn.
Brand Before bottling After bottling In distribution and consumption place
Damavand 1.25 1.59 2.24
Nestlé Pure Life 1.32 1.88 247
Aquafina 1.36 1.91 2.59
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Figure 3. Results of TOC (mg/L) in the waters bottled in summer and autumn.

Statistical Analysis of the Results
The standard deviation and variance of the data were analyzed for all three samples before and after bottling and at different
dates, including near expiration and after expiration dates. Also, the significance level of the results was determined by T-test.

Table 7. Statistical analysis of winter and spring results.

Brand Winter Spring
Standard deviation Variance Standard deviation Variance
Damavand 0.6780 0.3390 0.3672 0.1836
Nestlé Pure Life 0.3466 0.1733 0.4384 0.2192
Aquafina 0.5380 0.2690 0.4565 0.2283
Table 8. Analysis of t-test results.

95% Confidence Interval of the Difference  Sig. (2- Df ¢ Standard deviation Number of

Lower Upper tailed) deviation error _ error samples
before bottling 1.518  1.785 0.0042 6 5.385 0.3654 0.8433 24
After bottling 1.623 1943 0.0042 6 5432  0.2850 0.7986 24
One month after bottling 2.119  2.256 0.0041 6 5.615 0.3215 0.82145 24
Three months after bottling ~ 2.135  2.339 0.0038 6 5.455 0.3516 0.8079 24
Near expiration date 2.786  3.041 0.0036 6 5.189 0.3417 0.8275 24
One month after expiration 2.968  3.206 0.0031 6 5.344 0.3246 0.8119 24
Exposed to sunlight 5.02 5.452 0.0018 6 5253  0.3084 0.7986 24
After freezing 3.981 4.297 0.0024 6 5.187 0.3124 0.8216 24
Before bottling in all seasons 1.0614 1.864 0.003 4.65 5.477 0.36515 0.89433 36
After bottling in all seasons 1471  1.869 0.0032 474 5341 0.32145 0.89511 36
In consumption placeinall |, 9354 00029 412 5215 033218 0.89145 36

s€asons

Considering the scores of standard deviation and variance

of the data and t-test,

the significance level is lower than 0.5
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which shows that there is a meaningful relationship between
time and amount of TOC. Also, the significance level should
be less than 0.5 in order to show a meaningful difference
between initial and final data. In addition, all samples were
between 0.0018 and 0.0041, which is not in the domain of
significance level (Table 8).

4. Conclusion

The results of the sampling and analysis of bottled water
from three mineral water plants in Tehran showed that the
level of TOC in mineral water increased over time. Examples
that were analyzed after the expiration date indicated
significant changes. But the study of mineral water showed
that the level of TOC is standard and there is no problem in
this regard. But environmental stresses such as sunlight had a
significant effect on the water. The analysis of frozen water
showed that the TOC level increases after freezing.

Studying the level of TOC in water after bottling showed
that water changes slightly one day after bottling. But after
one and three months, these changes became gradually more
significant, in a way that the level of TOC increased from
about 1.6 to 2.33 mg/L.

Near expiration date: in the study of the waters close to
their expiration dates, it was observed that the TOC level was
nearly doubled from 1.6 to 2.9 mg/L, which is significant.
The study of TOC level in expired bottled water showed that
TOC level increased from 1.6 to 3.2 mg/L.

When the samples were exposed to sunlight, the TOC level
was about four times and reached 5.47 mg/L. This can be a
great warning for wholesalers and retailers to avoid storing
and exposing bottled waters to the sunlight.

Studying the level of TOC in mineral water after freezing
showed significant changes, in a way that the TOC level
increased from 1.6 to 4.11 mg/L, which is three times more
than the initial value. This means that stores selling frozen
water should be warned seriously.

Also, the significance level should be less than 0.5 in order
to show a meaningful difference between initial and final
data. In addition, all samples were between 0.0018 and
0.0042, which is not in the domain of significance level.
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