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Abstract— Bottled water has become part of everyone’s daily
life. Therefore, it is crucial to investigate its influence on the
human health and the environment. Polyethylene terephthalate
(PET) is the major type of material to be used for water bottles.
The PET bottles can in fact affect the quality of water it holds.
One major concern is leaching of antimony from PET water
bottles. As such, this paper investigated the existence of antimony
in the bottled water. Experiments were conducted on exposing
water with bottles from different brands at different times and
temperatures. After the experiments were conducted, water was
tested for antimony using the Inductively Coupled Plasma Mass
Spectrometry (ICPMS) machine. The results indicated that
antimony was leaching from the PET bottles. Longer exposure
indicated higher antimony leaching, as was the case for higher
temperatures in most samples.
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. Introduction

Plastic water bottles have become an integral part of our
life due to it portability and requirement for small area.
Polyethylene terephthalate (PET) is the most common material
used for water bottles. Glass Bottles are also used in some
places due to lack of health concerns from average consumers
[1]. The materials of the glass can dissolve different
components in the water. So, there are concerns regarding
leaching of chemicals from the bottle into the water, making
the material of the bottle into an important consideration.
Researchers investigated on the potential leaching from a wide
range of plastic water bottle [2-3]. Concerns of leaching was
investigated for metal, bisphenol-A, aldehyde, pthalates [4-7].
Previous studies found Antimony (Sb) to be leaching from
PET water bottles in to mineral water [8-12]. However
geographical locations in addition the weather condition may
play a role in the leaching of antimony.

Antimony is commonly used during polycondensation of
PET [13]. PET can contain high (>200 mg/kg) concentrations
of antimony [14-15]. Antimony can cause stomach ache,
diarrhea, desiccation, muscle aches, shocks, anemic uremia,
serious myocardial inflammation, shivering, liver necrosis
[16]. Due to this, both the Environmental Protection Agency
(EPA) in USA and the Council of the European Communities
classify antimony and its compounds as serious contaminants.
EPA classify antimony as a carcinogen. Due to concerns of
health, there are regulations around the world controlling the
leaching of contaminants in bottle water. The USEPA has set a
maximum contaminant level goal (MCLG) for antimony 6ppb
based on the best available science to prevent potential
associated health problems [17]. However, the World Health
Organization has a maximum level of 20ppb. Health Canada
set the same standard as the US [10]. The German Federal
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Ministry of Environment has set a limit of 5 ppb of antimony,
whereas the Japanese drinking water standard requires levels
to be less than 2 ppb [10].

There are different factors that affect the leachibility from
plastic bottles, in particular, PET bottles. Antimony diffusion
is known as a thermally activated process [10]. Higher
temperatures are more likely to enhance antimony diffusion.
Different studies observed lower pH levels to be capable of
increasing the antimony leaching [7-8]. However, sunlight
appears to be less significant than other factors on antimony
migration. Duration of the exposure also played a role in
enhanced leaching for a period of six months tested on 48
different brands of bottle water [10]. Contradictory
conclusions have been observed on the effect of color on the
antimony migration [2, 11].

The objective of this study was to identify the presence of
antimony in the different bottle water used in United Arab
Emirates. Another objective of this study was to assess the
factors that affect the leaching of antimony. Seven different
brands of bottle water were used in this study. Standard
laboratory procedures were adopted to achieve the objectives.

m. Background

Seven different brands of bottle water used in United Arab
Emirates were examined for their water quality analysis. pH of
the bottle water ranged from 6.8 (Bottle B) to 7.8 (Bottle A)
(Fig. 1). It indicated mildly basic water to be more common
than mildly acidic water. Total dissolved solids were as high
as 770 ppm for bottle G. It was the water samples in a glass
bottle.

There were cations to be less than 20 ppm for most
bottle waters (Fig. 2). Calcium and magnesium concentrations
were higher than 200 ppm for bottle F and G. Both of these
were exported brands. This pattern is common for surface
water sources. Sodium and potassium concentrations were
relatively low, compared to calcium and magnesium.

Anion concentrations in the bottle water were mostly less
than 60 ppm (Fig. 3). Sulfate concentrations reached up to 400
ppm for bottle G. Chloride concentrations were high for most
other samples. It was probably due to the use of chlorine as a
disinfectant during the treatment process.
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Figure 1. pH and total dissolved solids in bottle water

iv. Materials and Methods

A. Materials

To achieve the objectives, seven different brands of bottle
waters were colleted from the local market, immediately the
day the bottles were distributed. Three of the companies were
local producers and the other four were international
companies that were importing their bottle water. Bottle
companies were chosen based on the popular brands that
represent the typical bottle water from both local and
international producers. The bottles were named A to H. The
bottles A to C were local producers and the D to H were the
international bottle waters. The bottles from A to G were made
of PET and the bottle H were made of glass.

There were not enough information obtained regarding the
source of the water and the type of treatment these water has
gone through. Based on the available information, apparently,
Bottle B and C were desalinated water and the rest were
mineral water extracted from groundwater.
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Figure 2. Cations in bottle water

Having bottle water would not necessarily
protect the water from contamination.
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Figure 3. Anions in bottle water

B. Experimental Approach

All the bottles were collected from local stores from the
first day of the distribution. Even though the international
bottles had around two months earlier than the water produced
locally. This could not be alleviated since, the local brands do
not keep two month old bottles. So, the experiments could not
be conducted with the same production date. The tests were
conducted in two separate categories, used and unused. Used
water was generated by opening the cap and then consuming
small amount of water. The unused bottles were unopened and
unused as well.

All the bottles were stored at three different temperatures
(0°C, 24.5°C and 50°C). These three temperatures were chosen
to represent water in the freeze, water inside AC controlled
room environment and the last represent the high temperature
during summer months.

For bottle B and C, experiments were conducted at zero
days (immediately after the bottles were procured) to represent
immediate water quality (blank). To investigate the effect of
duration of exposure, used bottles were controlled at those
temperatures for 18 days and the unused bottles went through
the experiments until 10 days. Once the experiments were
conducted, the samples were collected and tested for antimony
concentrations in a certified laboratory.

c. Analytical Technique

Samples were analyzed for antimony based on standard
testing procedures for low range concentrations. Tests were
conducted on inductively coupled plasma mass spectrometer
(ICP-MS). The samples were digested first using HNOs.
Standard RF power and gas flow rate was used during
operation of ICP-MS.

v. Results and Discussions

Experimental results indicated the presence of antimony in
almost all the samples for all the bottles tested (Fig. 4 and 5).
Compared to the results of antimony concentrations at zero
days, the results did not indicate any specific pattern for
antimony leaching (Fig. 6). In general, the bottle C had the
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lowest and the bottle F had the highest antimony
concentrations among all the bottles tested.

There were no specific pattern among the local and
exported brands of water even though exported brands had
longer days of exposure compared to the local brands. The
antimony was potentially leaching from the PET bottles. The
conclusion was consistent with previous studies conducted on
antimony leaching from PET bottles [8-11]. However, the
concentrations of antimony in this study were higher than the
concentrations of antimony observed in the previous studies.
The concentrations were also higher than many regulations,
set around the world for antimony. The glass bottle G did not
indicate any specific advantage over the other plastic bottles.
The sample size was small (one brand of glass bottle) and
therefore, the authors could not draw any conclusion regarding
this.

A. The Effect of Temperature on
Leaching

Based on the experimental results (Fig. 4 and 5),
increasing temperatures increased antimony concentrations in
most of the bottle waters tested, except for samples related to
unused water in bottle G. For the case of unused bottle G, the
samples at 0°C were contaminated and therefore, the pattern
for those samples were inconclusive. Otherwise, for both used
and unused bottles, an increase in temperature showed an
increase in antimony leaching in the water. At a temperature
increase from 0°C to 24.5°C, maximum increase of 12.5% and
14.3% were observed for wused and unused bottles
consecutively. For a temperature increase of 0°C to 50°C,
maximum increase of 18.8% and 14.3% were observed for
used and unused bottles consecutively. The results were
consistent with previous studies [8, 11]. However, comparison
with the results in those studies revealed that temperatures up
to 60°C in those studies had lower antimony concentrations
than this study. In addition duration of exposures were much
shorter than the current study. It could be the reason for the
deviation of the results. It could also be due to the different
qualities of PET being used in the middle east.
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Figure 4. The effect of used water on leaching at different temperatures
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Figure 5. The effect of unused water on leaching at different temperatures

B. The Effect of Used Water on Leaching

Based on the experimental results (Fig. 4 and 5), used
bottles consistently leached more antimony than the unused
bottles. At 0°C, used bottles contained on an average 14.3%
more antimony concentrations than the unused bottles. Similar
patterns continued for other temperatures as well. At 24.5°C,
antimony concentrations in used bottles were 13% higher than
the concentrations in unused bottles. For the case of bottles at
50°C, the increase in concentrations were 15.5%. Previous
studies did not explore the potential of using the bottle water
on antimony leaching. However, since the experimentations
were not uniform for all the bottles, further experimentations
are needed to explore this aspect further.

c. The Effect of Exposure Time on
Leaching

The analysis was limited since only two bottles (Bottles B
and C) were examined at zero days, hence giving at least three
dataset to examine the effect of duration of exposure.
Antimony concentrations in the bottle appeared to have
increased with an increasing duration of exposure for the
bottle B (Fig. 6). However, for bottle C, duration of exposure
reduced the antimony leaching (Fig. 6). It is unusual and
contrary to common perception that increasing duration of
exposure would increase the antimony concentration. The
concentrations in bottle C were low and it falls within the
percentage of error that the test was conducted. This is
contradictory to previous studies as well [8, 11]. Those studies
consistently observed an increase in antimony concentrations
with an increase in duration of exposure. However, looking at
all the bottles (including bottle C) for the two timeframes (10
and 18 days), antimony concentrations were higher in 18 days
than in 10 days. It is consistent with previous literatures [8,

» 11]. Both the used and unused bottles showed similar trend on
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the effect of duration of exposure on the antimony leaching.
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Figure 6. The effect of duration of exposure on leaching

vi. Conclusions

The study concluded that the PET bottles leach antimony
to the water that it holds. Antimony concentrations were
higher than the studies conducted in Europe and North
America. Based on the experimental results, increase in
temperature increased the antimony leaching in bottle water.
The effect of using the bottle water on the antimony leaching
was not conclusive. But, it showed a tendency to increase
antimony leaching with used bottles than unused bottles. The
effect of duration of exposure were mixed due to lack of
enough data points.
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