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Abstract
Boiled drinking water is carried by students to schools and colleges in plastic containers. However, the risk associated with 
drinking water stored in plastic containers is very real especially the question of leachates finding their way into the water 
stored in these containers. In this pilot study, we identified the most common plastic container used by students to carry water 
and the factors that govern their choice. Polyethylene terephthalate (PET) was identified as the most favored plastic used to 
carry water. PET bottles were then subject to treatments that mimic conditions representative of normal consumer usage. The 
water sample collected was tested for the presence of phthalates, antimony & titanium, and their content estimated by gas 
chromatography and atomic absorption spectra. Although phthalates and antimony leach into water from PET bottles their 
concentration was not high enough to pose a threat to human life. However, the trend of increasing antimony concentration 
with temperature and time is a cause of concern because of its role as endocrine disruptors. Prolonged and repeated use of 
PET bottles to carry water, especially warm water may lead to health problems in the community.
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Introduction

Water is pivotal to life and safe drinking water an essen-
tial requirement for healthy living. In India, majority of the 
population (about 53% of households) rely on groundwater 
resources for their potable water need (Chaudhuri and Roy 
2017). The drinking water source is often contaminated 
(microbial & otherwise) either due to sewage or polluted 
water bodies (Subin et. al. 2011, Dhawde et al. 2018 Sharma 
P 2018) and is responsible for an increased prevalence of 
various water-borne disease like diarrhea, typhoid fever, 
hepatitis A, amoebic and bacillary dysentery, and other diar-
rheal diseases (Fredrick et al. 2015; Boisson et al. 2013).

Boiling water to reduce pathogen load is a scientifically 
proven method to improve the quality of living (World 
Health Organization 2004). It is also the method of choice 
for treating water in small quantities globally, with an esti-
mated 1.2 billion people using it as a means of household 
water treatment (Brown and Sobsey 2012). Boiling water 

for drinking is thus encouraged, and it is a widespread prac-
tice in the Southern states especially Kerala (Pushpangadan 
2003; John et al. 2004; Kumar Balasundaram et al. 2015). 
Often boiled drinking water is carried by students to schools 
and colleges in plastic containers. However, the containers 
used to carry water rarely conform to the standards required 
for this purpose. The market is flooded with bottles of vari-
ous types used to carry water. They range from the most 
commonly used Polyethylene terephthalate bottles, polycar-
bonate bottles to those made from steel or glass.

During the last few decades, the use of plastic containers 
to carry water has increased manifold. This is due to their 
easy availability, portability, shatter-proof nature, and low 
cost. The plastic bottles used to carry water are generally 
made of Polyethylene terephthalate (PET), High-density 
polyethylene (HDPE), Polycarbonate (PC), Polypropylene 
(PP), etc. PET is a semi-crystalline polymer belonging to 
the family of polyesters and is made up of an aromatic ester 
polymerized into large chains. It is the most widespread 
polymer used for the manufacture of food contact packaging 
and films, especially for beverages and drinking water (Bach 
et al. 2012).It is also one of the most common polymers used 
to package bottled water due to its lightness, its gas barrier 
properties, and its possible recyclability. Most PET bottles 

 *	 T. Geetha 
	 geethamukundant@gmail.com

1	 Department of Chemistry, St. Mary’s College, Thrissur, 
Kerala, India

http://orcid.org/0000-0002-4926-2701
http://crossmark.crossref.org/dialog/?doi=10.1007/s13201-021-01524-z&domain=pdf


	 Applied Water Science (2021) 11:188

1 3

188  Page 2 of 7

are intended for single-use although some companies recycle 
up to 25% of this plastic in the manufacture of new bottles 
(Guart et al. 2011).

However, the risk associated with drinking water stored 
in plastic containers is being debated by the scientific com-
munity. One of the problems that have drawn the attention of 
scientists is the question of leachates finding their way into 
the water stored in these containers. Studies have reported 
the presence of various chemicals like phthalates (Bošnir 
et  al. 2007) bisphenol A (Amiridou and Voutsa 2011; 
Cooper et al. 2011) and antimony (Westerhoff et al. 2008) in 
water from plastic bottles. Concerning health effects, these 
are often classified as endocrine disruptors because of their 
ability to interfere with the endocrine system in the body. 
They are thought to mimic natural hormones, inhibit the 
action of hormones or alter the normal regulatory functions 
of the immune, nervous system, or endocrine system (Crisp 
et al. 1998, Rubin 2011 and Choe et al. 2003).

Long-term exposure to phthalates, alkylphenols, and 
antimony in humans may lead to teratogenicity, embryo-
toxicity, mutagenicity, and carcinogenicity (Zarean et al. 
2016, Li et al. 2016, Sheikh 2016, Gao 2015). Studies have 
shown associations between prenatal or postnatal exposure 
to certain phthalates and reproductive disorders in humans 
(Sharpe and Irvine 2004). Epidemiologic studies in children 
show associations between indicators of phthalate exposure 
at home and risk of asthma and allergies (Jaakkola and 
Knight 2008).

Research on endocrine disruptors was often focused on 
packaged drinking water and water treated by the Solar 
Water Disinfection (SODIS) method. It has been reported 
that age, storage conditions, frequency of reuse of contain-
ers, and temperature may enhance the leaching of endocrine 
disruptors from the matrix to water (Keresztes et al. 2009; 
Andra et al. 2011; Andra 2013; Bach et al. 2013; Zaki 2015). 
In both instances, water remains in the bottle for an extended 
period of time at different temperatures. However, the pat-
tern of use of plastic water bottles for carrying boiled water 
is different. In Kerala, water is often boiled before use and 
transferred to bottles before being cooled completely. Thus, 
water may be poured into plastic bottles at lukewarm tem-
perature. The problem of leachates from plastic water bottles 
used for carrying boiled water has not yet been studied. The 
leachates may be higher as a single container is often used 
continuously over long periods, thus increasing the prob-
ability of leaching from aging plastic. On the other hand, as 
water stored in contained is consumed daily, the cumulative 
effect of leaching from matrix to water stored for long peri-
ods, as in bottled water is absent, and the quantity of endo-
crine disruptors per volume of water may be lower. Thus, 
study on leachates under consumer-relevant conditions is 
essential. Moreover, the extend of leaching also depends 
upon the quality of the polymer used for the PET pre-form 

production (Keresztes et al. 2009). There have been no stud-
ies so far on these aspects, especially from India.

In this study, we proposed to identify, through a pilot 
survey, the percentage of the population that carry boiled 
water to an educational institution and the most common 
plastic container used to carry water. The factors that govern 
their choice of the bottle will be identified through question-
naires. The identified plastic bottle will be then subject to 
treatments that mimic conditions representative of normal 
consumer usage. The treated water samples will be analyzed 
to identify and estimate various leachates like phthalates 
and antimony. The effect of temperature and repeated use 
on leaching from plastic bottles to water will also be studied.

Materials and methods

Survey

As a part of this project, a survey was conducted in a lead-
ing, centrally located, government aided college in Thrissur, 
Kerala to identify the percentage of the population that carry 
boiled water to an educational institution and the most com-
mon plastic container used by students to carry water. As 
the college is located in the heart of the city and is well con-
nected to all parts of the district through public transport, it 
attracts students from different parts of Thrissur district. As 
the education is subsidized by the government, it is accessi-
ble to students from all strata of society. Of the 42 classes in 
the institution, students of 14 classes were randomly selected 
for the survey. All the students present on the day partici-
pated in the survey, and the following information was col-
lected personally.

•	 Did they routinely carry bottled water from home for use 
in the institution?

•	 Nature of bottle used to carry water–Plastic/ glass/steel, 
etc.

•	 If plastic bottle—Nature of the plastic bottle used to carry 
water—PET/PC/any other type of plastic, etc. – recycle 
code of the bottle was noted.

•	 The reason why they chose the water bottle.
•	 Was the water boiled/ filtered/ untreated?
•	 If boiled- when was the water boiled–previous evening/

morning of the same day
•	 Was the water allowed to cool completely before being 

poured into the plastic bottle?
•	 How often was the bottle replaced? Reason for replace-

ment.

The data collected was recorded and later analyzed 
by using SPSS software. From this data, the water bottle 
used most often, factors that govern the choice of bottle, 
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probability of warm water being carried in the bottle, and 
the average period of use were determined.

Sampling

The most commonly used plastic containers used to carry 
water were identified and purchased from the local market. 
24 bottles were purchased in all. The bottles were cleaned 
thoroughly by repeated washings. All the bottles were first 
washed with tap water and then cleaned with soap solution. 
To eliminate any contamination, the bottles were washed 
again with tap water and later rinsed thrice with double dis-
tilled water.

The study was designed to minimize the risk of back-
ground contamination and for this purpose, only glass con-
tainer and equipment's was used to collect and store distilled 
water. All the glassware used in the study were cleaned thor-
oughly and washed repeatedly with double distilled water to 
minimize contamination. To study the effect of temperature 
on leaching from plastic bottles, double distilled water of dif-
ferent temperatures was filled in these containers. Based on 
the survey conducted, the temperature selected for the study 
was 30, 45, 60, and 75 °C. Double distilled water at these 
temperatures was poured into the plastic bottles, and samples 
were collected after 24 h. Thus, the effect of temperature on 
leaching was studied with four temperature treatments and 
six replicates for each temperature. Three of these were used 
for estimation of antimony & titanium while the remaining 
three were used for estimation of phthalates.

To study the effect of repeated use on leaching from 
plastic containers under consumer-relevant conditions, the 
plastic bottles were washed with double distilled water every 
day and refilled with double distilled water of the same tem-
perature for two months. Samples were collected at the end 
of 1, 3, 7, 15, 30, and 60 days, respectively. To minimize 
the risk of contamination, none of the water samples were 
filtered. The water sample collected was tested for the pres-
ence of phthalates, antimony, and titanium, and their content 
was estimated by gas chromatography and atomic absorption 
spectra.

Chemicals and supplies

All chemicals and reagents used in this study were of ana-
lytical grade or better unless otherwise stated. Nitric acid 
(HNO3) used for acidification was purchased from Merck, 
India. Liquid Solid Extraction (LSE) cartridge (PK30 
SUPELCLEAN ENVI-18 500MG/6ML) and Phthalate 
Esters Mix(Bis(2-ethylhexyl) phthalate—DEHP, benzyl 
butyl phthalate-BBP, Dibutyl phthalate-DBP, Di-N-Octyl 
Phthalate—DnOP, Diethyl phthalate-  DEP, Dimethyl 
phthalate-DMP) 2000 μg/mL each component in methanol, 
was purchased from Sigma Aldrich. Anhydrous Granular 

Sodium Sulfate, Methylene Chloride and Methanol were 
purchased from Merck, India.

Analytical procedure

Estimation of antimony & titanium

In the defined intervals for each temperature condition, half 
a liter of the sample was measured accurately and acidi-
fied with 1 ml of 65% nitric acid to prevent sedimentation. 
The sample was then digested and placed on an electrical 
heater to obtain a concentrated volume of 25 ml. This was 
done to detect the very low trace amounts of the elements. 
To prevent boiling of sample, the condensation was carried 
out at a relatively lower temperature over a long period of 
time. The samples were analyzed in an Inductively Cou-
pled Plasma Atomic Emission Spectrometer (ICP-AES) of 
the make Thermo Electron IRIS INTREPID II XSP DUO 
for antimony and titanium. The limit of detection (LOD) 
was 0.1μgL−1 for antimony and 0.01 μg L−1 titanium. The 
limit of detection for antimony in some of the previously 
published studies was lower, of the order of nanogram per 
liter (Shotyk et al 2006; Keresztes et al. 2009; Filella 2020) 
but studies with higher detection limits were also reported 
(Westerhoff et al. 2008; Carneado et al. 2015). As the maxi-
mum acceptable concentration of antimony in water is in 
the order of microgram per liter (WHO guidelines), a limit 
of detection of 0.1μgL−1 for antimony is acceptable for the 
purpose of this study.

Estimation of phthalates

Estimation of phthalates in the sample was determined as 
per EPA method 506 (Munch 1995) and analyzed using gas 
chromatography. Compounds were separated using a DB1 
capillary column (30mlength × 0.25 mm I.D., 0.25-mm-
film thickness). The compounds were separated using the 
following oven program. The column temperature was 
initially set at 60 °C for 1.0 min, then increased at a rate 
of 6 °C/min up to 260 °C, which was then maintained for 
10 min. Helium was used as carrier gas (99.99% purity). 
The temperature at the injector and the detector was 295 °C. 
Quantification was done by using the external calibration 
method with 5 different standards prepared from the original 
multi-component stock solution showing linear regression 
correlation R2 > 0.98 for all target analytes. The analytes in 
the sample were identified by comparing the retention times 
of the peaks in the sample chromatogram with those of the 
peaks in standard chromatograms. The analyte concentra-
tion corresponding to the sample blank value plus three 
times the standard deviation gives the limit of detection. 
The detection limit for DEHP, DBP & DEP was 0.06, 0.05, 
and 0.03μgL−1. Recovery study for phthalates was done at 
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three concentration levels (0.1, 0.2, and 0.4 μg L−1). The 
recoveries were in the range of 79–91% for DEHP, 78–89% 
for DBP, and 71–87% for DEP.

Results

Survey

A survey of 446 students (age varying from 18 to 20) was 
carried out in January when the days are sunny and the aver-
age temperature varies from 23 to 27 °C. Of the total number 
of students who participated in this survey, 63% were found 
to carry water to the educational institution in bottles. The 
majority of the participants (82%) carried boiled water while 
the remaining participants carried either filtered or untreated 
water in their bottles. Among those who carried water to the 
institution, almost all the students preferred to use plastic 
bottles. The use of glass bottles or other materials like steel 
was not reported.

Of those who used plastic bottles, PET bottles (recycle 
code #1) were the most common. 86% of students used PET 
bottles to carry water. Around 6% of students used Poly-
propylene bottles (recycle code # 5) and very few students, 
less than 0.5% use polycarbonate bottles (recycle code #7). 
Based on the above survey, it was decided to restrict the 
study to PET bottles.

The majority of the students (72%) reported low cost and 
portability as the deciding factor in their choice of bottles. 
This can be borne out by the fact that a large no. of those 
who used PET bottles used old soft drink bottles to carry 
water. Of those who carry boiled water to the educational 
institution, only 20% of students used water boiled on the 
previous day. The rest reported transferring warm water 
to the bottles on the same day as it was boiled. Hence, it 
can be concluded that the probability of students carrying 
warm water in plastic (especially PET) bottles to an edu-
cational institution is high. 70% of students reported that 
they replaced a bottle only when it showed visible signs of 
deformation.

Concentration of titanium and antimony

On analysis of the sample, titanium was not identified from 
any of the samples. PET bottles are synthesized either by 
using antimony or titanium as a catalyst. It is possible that 
all the bottles selected for the study may have been manufac-
tured using antimony as a catalyst. When the samples were 
analyzed for antimony it was observed that antimony content 
in the sample increased with an increase in temperature of 
the sample. It was also found to increase with time.

Initially, the antimony content in samples on day one 
was below the level of detection for all temperatures i.e., 

30, 45, 60, and 75 °C. The values continued to be below 
the level of detection for all samples on the seventh day. 
When the samples were analyzed on the 14th day, the 
concentration of antimony in water poured at 30, 45, and 
60 °C was lower than the limit of detection. For samples in 
which water was poured at 75 °C, on the 14th day 5 μg L−1 
of antimony was recorded in the sample. This value was 
well within the European Union drinking water standards 
for antimony (5 μg L−1).

When the samples were analyzed after 30 days, samples 
drawn from bottles in which water was poured at 30 and 
45 °C did not have antimony above the level of detection. 
In the case of samples drawn from bottles in which water 
was poured at 60 °C, the value recorded was 5 μg L−1. 
This is well within the European Union drinking water 
standards for antimony. For samples drawn from the bot-
tle in which the water was poured at 75 °C, the value was 
10 μg L−1. This value is well within the World Health 
Organization drinking water standard for antimony (20 μg 
L−1) but it was higher than the European Union and Japan 
standards.

When the sample was analyzed after 60 days, it was 
observed that the concentration of antimony in water bot-
tles poured at 30 and 45 °C was lower than the limits of 
detection. For samples drawn from bottles in which water 
was poured at 60 °C, antimony content was 10 μg L−1 
which was higher than European Union and Japan drink-
ing water standard for antimony but lower than WHO 
standard. For sample poured at 75 °C, the highest value of 
20 μg L−1 was recorded, which was four times the Euro-
pean Union standard and just within the permitted WHO 
standards (Fig. 1).

Concentration of phthalates

Phthalates were not detected in any of the samples analyzed 
on the first, third, seventh, and fifteenth days. When the sam-
ples were analyzed on the 30th day, DEHP, DBP, and DEP 
were detected in the sample. DEHP concentration in samples 
poured at 60 and 75 °C were 0.14 and 0.22µgL−1. DEP and 
DBP were also detected, and their respective concentrations 
were 0.16 and 0.20µgL−1at 60 °C and 0.18 and 0.24µgL−1at 
75 °C. The value in our study is considerably lower than 
the values obtained by Bosnir et al. (2007) although their 
study also did not detect BBP, DnOP, and DMP in water 
samples. The value of DEHP was more in the range reported 
by Amiridou and Voutsa (2011).

When the water poured into PET bottles were analyzed 
after two months, the concentration of DEHP in the sample 
were 0.18 and 0.24 µgL−1at 60 and 75 °C. The value of DEP 
at 60 and 75 °C was 0.19 and 0.25µgL−1, and for DBP, the 
values were 0.23 and 0.26µgL−1 (Fig. 2).
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Discussion

An adequate supply of safe drinking water is one of the 
major prerequisites for a healthy life. In India, less than 
50 percent of the population has access to safely man-
aged drinking water. Water is considered safe for drinking 
if it is free from toxins, carcinogens, pathogenic micro-
organisms, and any other factors causing health hazards. 
Of these microbial contamination is widespread and leads 
to diseases like diarrhea, which was one of the leading 
causes of mortality and is responsible for more than 1·6 
million deaths worldwide. Treating microbially contami-
nated water by boiling is a widespread, simple & effective 
treatment method. This water is often carried to work-
place/educational institutions in PET containers because 
of its easy availability, portability & low cost. The use 
of PET bottles to carry warm/lukewarm water exposes 
users to possible endocrine disruptors like antimony & 
phthalates through leaching from the matrix of the bottle. 

As endocrine disturbers, most of the phthalates can cause 
adverse developmental, metabolic, neurological, immune, 
and reproductive effects (Abtahi Mehrnoosh et al. 2019). 
In the absence of other alternative sources of potable 
water, the adverse effect of trace amounts of phthalates in 
drinking water needs to be weighed against that of micro-
bially contaminated water that may lead to water-borne 
diseases. This is especially important as the amount of 
antimony & phthalates detected in the water samples were 
lower than WHO permitted values in this study.

In this study, we have observed that antimony leaching 
from PET bottles was a function of temperature and time. 
As the bottles were cleaned thoroughly before use, problems 
with surface contamination of antimony during the manu-
facturing process can be ruled out. Moreover, at a higher 
temperature, an increase in antimony content with time 
was observed indicating that it was being leached from the 
matrix of the PET bottle. By the end of the study period, 
antimony content in water increased fourfold in those bot-
tles where water was poured at 75 °C. This indicates that 

Fig. 1   Concentration of anti-
mony in water from PET bottles

Fig. 2   Concentration of DEHP 
in water from PET bottles



	 Applied Water Science (2021) 11:188

1 3

188  Page 6 of 7

the leaching of antimony from PET bottles increased with 
the duration of use especially at a higher temperature. The 
value of our study was higher than the value reported by 
Keresztes et al. (2009) which varied from 0.2 and 1.6 ng/
mL. The higher values found in the current study may be 
due to greater degradation of PET sample due to reuse fre-
quency (Andra et al. 2011). The study by Carneado et al. 
(2015) reported values comparable to our values at 60 °C. 
These conclusions were similar to the conclusion obtained 
by Aghaee et al. (2014) and Westerhoff et al. (2008), but 
are at variance from the findings of Rungchang et al. These 
differences may be attributed to the difference in reactivity 
of different bottles [Shotyk and Krachler (2007), Reimann 
et al. (2010).]. Results may also depend on raw material as 
well as technology used in bottle production. In the case 
of phthalates, low concentrations of DEHP, DBP, and DEP 
were detected in the samples poured at an elevated tem-
perature only after 30 days. But even by the end of the study 
period the amount of DEHP in the water sample was lower 
than permitted values.

Conclusion

In this pilot study, PET was identified as the most favored 
plastic used to carry water to an educational institution. The 
reason for its popularity is its low cost, transparency, and 
shatter-proof nature. It is also was used to carry boiled water 
at varying temperatures to educational institutions. Although 
phthalates and antimony leach into water from PET bottles, 
their concentration was not high enough to pose a threat 
to human life. However, the trend of increasing antimony 
concentration with temperature and time may be a cause 
of concern because of its role as endocrine disruptors. As 
prolonged and repeated use of PET bottles to carry water, 
especially warm water may be a widespread practice, fur-
ther research into this aspect is warranted. The effect of pro-
longed use on the leaching of antimony and phthalates from 
PET bottles needs to be studied in detail and further studies 
with a larger sample size, in multiple locations will lead to a 
better understanding of the problem. In addition, the leach-
ing of phthalates from the matrix of PET bottles may vary 
with the size and thickness of the bottle used in the study. 
Thus, it is possible that under different conditions or over 
time the results may differ.
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