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ABSTRACT
Phthalate esters are organic compounds that are extensively used in polymers
manufacturing and many commercial products and can induce serious adverse health
effects upon human exposure. The migration of phthalates esters from PET plastic
bottles into water especially under poor storage conditions is subject to scientific
debate. This study is the first to assess the occurrence of six phthalates in different
branded PET bottled water locally produced in the Egyptian market. The samples were
analyzed using liquid-liquid extraction with dichloromethane and GC/MS under various
storage conditions. Among the six analyzed phthalates, three were detected at sub ppb
levels where DEHP was the dominant phthalate followed by DBP. The data suggests
that time and temperature correlate with the increase of phthalates migration. The levels
of phthalates detected in all samples were significantly below the maximum
contaminant limits established by the FDA and the EPA. Throughout the study, the
concentration range of DEHP varied from <0.062 µg l-1 and reached a maximum
concentration of 0.617 µg l-1, while for DBP the concentration ranged from <0.043 µg l1

to a maximum concentration of 0.549 µg l-1. DEP was also detected but in very small

concentration values, such that the highest recorded concentration for DEP over the
whole study was 0.062 µg l-1. The estimated daily intakes to phthalates via bottled water
were calculated from the measured phthalates concentrations and were reported to be
considerably lower than their respective tolerable daily intake values established by
EFSA. The contribution of water to phthalates daily intakes did not exceed 0.16% and
0.72 % of the TDI values for DBP while these values were 0.04% and 0.16% for DEHP
in adults and toddlers, respectively.
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Chapter one: Introduction
A diverse array of chemical compounds can potentially enter our food by intentional or
unintentional addition during different stages of the food chain.

These chemical

compounds may include food additives and environmental contaminants. Food contact
materials (FCM), including packaging materials and processing equipment, are also a
potential source of chemical presence in many food and beverage products. Monitoring
exposure to these chemicals has become a fundamental part of ensuring food safety and
protecting human health (De Fátima Pocas and Hogg, 2007).

Di-esters of ortho-

phthalic acid are among such chemicals that enter our foods through various sources
and require firm monitoring.

1.1 General Uses of Phthalates
Di-esters of ortho-phthalic acids, generally recognized as phthalates, are a class of
synthetic organic chemical compounds with a broad range of consumer uses and
industrial applications (Swan, 2008). Since the 1930s, phthalates have been extensively
used in the manufacturing of polymers and a myriad of commonly used commercial
products (Guo and Kannan, 2012; Latini, 2005).
The industrial uses of phthalates depend on the length of their ester chains (Schettler,
2006). Higher-molecular-weight phthalates are used chiefly as plasticizers, where they
are added to the polymeric materials to improve their softness, elasticity, durability and
ease of processing (Meeker et al., 2009; Schettler, 2006). Plasticizers increase the
polymer flexibility by separating the polymer chains and decreasing the intermolecular
frictional forces along the polymer molecules. They embed themselves within the
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polymer chains and thus increase the free volume and reduce glass transition
temperatures of polymers (Wypych, 2004). Phthalates are chiefly used with Polyvinyl
chloride (PVC) polymers, where the phthalates content can reach up to 40% in PVC
final products (Koch and Calafat, 2009; ATSDR, 2002). Plasticized PVC is employed
in the manufacture of different products such as packaging materials, children toys,
home furnishings, construction materials, car undercoating, insulators, wires and cables.
They are also found in some medical devices such as blood transfusion bags and
intravenous tubes, as well as in many industrial equipment such as conveyor belts and
plastic hoses. Phthalates can also be used as plasticizers in other polymers such as
rubbers, styrenes, epoxy resins and cellulose acetate plastics (Swan, 2008; ATSDR,
2002 and 2001).

To date, phthalates are the most frequently used plasticizers

accounting for 80% of the global plasticizers used, although the chemical industry has
tried to substitute them for other new substances, such as adipates and acelates (Guo
and Kannan, 2012).
Low molecular weight phthalates are often used as denaturants and solvents to dissolve
cosmetic ingredients and hold color and scents in different personal care products such
as fragrances and nail polishes. In addition, they are essential component of lacquers,
paints, printing inks and insect repellent to increase their surface adhesion and wrinkle
resistance. They are also found in the coating of pharmaceutical products to provide
prolong drug release (Meeker et al., 2009; Hauser and Calaft, 2005; ATSDR, 1995).
Annually, more than 12 billion pounds of phthalates are produced worldwide, of which
diethyl hexyl phthalate (DEHP) constitutes approximately 50% of all the phthalates
used (ATSDR, 2002).
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1.2 Chemistry and Physiochemical Properties of Phthalates
Chemically, the different types of phthalates share the same basic chemical structure but
vary in the length and ester side chain. Accordingly, they vary in the physical, chemical
and biological properties. Most phthalates are colorless or slightly yellowish odorless
oily liquids. Phthalates have mild water solubilities and low to moderate volatilities
which decrease as the length of side chain and molecular weight increase. Phthalates
are lipophilic in nature and have high solubilities in organic solvents (EPA, 2012). The
most common phthalates used in industry are Dimethyl phthalate (DMP), Diethyl
phthalate (DEP), Dibutyl phthalate (DBP), Benzyl butyl phthalate (BBP), Di(2ethylhexyl) phthalate (DEHP), Di-n-octyl phthalate (DnOP), Di-iso-nonyl phthalate
(DiNP), and Di-iso-decyl phthalate (DiDP).

Figure 1.1. General phthalates structure
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Table 1.1: Some properties of major phthalates esters (Guo and Kannan, 2012)

1.3 General Phthalate Synthesis
Phthalates are produced by the esterification of phthalic anhydride with alcohols of
desired carbon chain lengths. This reaction occurs in two successive steps in a closed
system. The first reaction step is rapid, irreversible and results in the formation of
monoesters by alcoholysis of the phthalic acid. The second step involves the formation
of the di-ester in the presence of an acid catalyst at temperatures in the range of 140165˚C or in the presence of atmospheric catalysts at temperatures in the range of 200250˚C.

Excess alcohol in this reaction is recovered and recycled. The resulting

phthalate is then purified by vacuum distillation or activated charcoal (Skrzypek et al.,
2008; ECOBILAN, 2001).
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1.4 Phthalates Release to the Environment
Phthalates are not chemically bound to the polymer matrix to which they are added.
Accordingly, they can easily leach out from the products, during their use or after their
disposable and migrate into air, dust, soil, water and food (Cao, 2010; Wormuth et al.,
2006).
In addition to migration from products, phthalates can enter the environment through
seeping from landfills, incineration of waste plastic products or their release during
production and processing (Huang et al., 2013; ATSDR, 1995). The enormous scale of
production and use of products containing phthalates have resulted in phthalates
dissemination and their continuous presence in the external environment. Consequently,
the general population is widely exposed to these compounds (Huang et al., 2013;
Wormuth et al., 2006).

1.5 Phthalates Metabolism
Despite their lipophilic nature, phthalates do not accumulate within the body and have
short half-lives ranging from 4 to 24 hours. Once they enter the human body, phthalates
are rapidly metabolized in the intestine by hepatic or pancreatic hydrolase enzymes into
monoesters. These corresponding monoesters are toxic metabolites and are readily
absorbed in the blood stream. These monoesters are the major urinary metabolites of
low-molecular weight phthalates and represent about 70% of their excretion (Wittassek
et al., 2011). However, only about 2 - 7 % of the high molecular weight phthalates are
excreted as monoesters, the rest are further metabolized into more hydrophilic and
oxidative metabolites.

Monoesters and the oxidative secondary metabolites of
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phthalates are excreted in the urine and feces unchanged or in the form of glucuronide
conjugates (Wittassek et al., 2011; Koch and Calafat, 2009; Hauser and Calaft, 2005).

Figure 1.2. Schematic diagram for the general metabolic pathway of phthalates (Cheng
et al., 2014)

1.6 General Phthalates Toxicity
The ubiquitous environmental presence and extensive human exposure to phthalates
have raised the need to evaluate their impacts on human health. Accordingly, the
potential health effects of phthalates have become the subject of numerous studies,
including laboratory animals, in-vitro and human epidemiological research (Meeker et
al., 2009; Hauser and Calaft, 2005; Latini, 2005). Risk assessments on phthalates have
been conducted by different expert panels in Europe, Canada, Australia and the US such
as the U.S Environmental Protection Agency, the International Agency on Research on
cancer, the European Food Safety Authority, the U.S Food and Drug Administration, as
well as Australian and Canadian Health Authorities (EPA, 2012; Kamrin, 2009;
Heudorf et al., 2007; Mikula et al., 2005).

6

Chronic exposure to phthalates can cause serious adverse health effects on the kidney,
liver, respiratory and endocrine systems (Meeker et al., 2007; Bornehag et al., 2004;
Hoppin et al., 2004; ATSDR, 2002). Phthalates exhibit serious hepatotoxic effects,
including liver enlargement, disturbance in liver function and enzymes activity, and
formation of liver tumors in rodent models. The hepatotoxic effects in rodents were
related to the stimulation of peroxisome proliferation. The International Agency for
Research on Cancer (IARC) classified DEHP as a class 2B probable carcinogen and
declared that there is sufficient evidence in experimental rodents but inadequate
evidence in humans for DEHP carcinogenicity as the peroxisomal proliferation is not a
relevant pathway in humans (Erkekoglu et al., 2014 ; ATSDR, 2002).
The main toxicological concerns are related to the endocrine disrupting potency of
phthalates. These compounds and their metabolites can interfere with the normal
functioning of the hormonal system and subsequently cause reproductive and
developmental health problems. Animal and in-vitro studies demonstrated that
phthalates have anti-androgenic effects through the alteration of testosterone synthesis.
Furthermore, phthalates exhibit weak estrogenic activity and mimic endogenous
estradiol at the estrogen receptor sites. The potential of phthalates to interfere with
thyroid functions and exhibit anti-thyroid effects was also reported (Hauser et al., 2007;
Lee and Koo, 2007; Meeker et al., 2007).
Exposure to high doses of phthalates during pregnancy was shown to result in high
incidence of abortion and fetus malformations, such as cleft palate and skeletal
deformations (Swan, 2008). Furthermore, phthalates were shown to cross the placenta
and were found in breast milk resulting in serious fetal reproductive malformations,
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including undescended testes, birth defects especially in the penis and impaired sperms
production (Swan, 2008; Main et al., 2006; Latini et al., 2003). These effects on the
male reproductive system have been collectively termed as the testicular dysgenesis
syndrome (Swan, 2008; Main et al., 2006; Gray et al., 2006; Latini et al., 2003).
Human studies are limited, however, epidemiological studies seem to show correlations
between phthalates exposure and adverse reproductive outcomes, including sexual
hormones disorder, infertility, decrease anogenital distance in male children, decrease
sperms count and quality, premature breast development, and preterm labor (Hauser et
al., 2007; Zhang et al., 2006; Swan, 2008; Latini et al., 2003). Studies have also shown
that exposure to phthalates were associated with altering thyroid hormones levels,
increased abdominal obesity, insulin resistance, asthma and respiratory allergic
symptoms (Meeker et al., 2007; Stahlhut et al., 2007; Hoppin et al., 2004)
Several bio-monitoring studies have been conducted to assess the extent of human
exposure to phthalates. These studies relied on measuring the concentrations of urinary
phthalate metabolites as biomarkers of exposure to the relevant parent phthalates.
Accordingly, phthalates daily intake maybe estimated from the urinary metabolite levels
(Wittassek et al., 2011; Hauser and Calaft, 2005).
Studies reporting on the concentrations of urinary phthalate metabolites in the general
populations of various countries show widespread exposure to many phthalates around
the globe (Saravanabhavan, 2013; Wittassek et al., 2011; Koch and Calafat, 2009;
Fromme et al., 2007).

For example, data from the National Health and Nutrition

Examination Survey (NHANES) in the United States, a US nationally representative
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study, report on the high frequent of detection of DEP, DBP, DiBP, BBP, DEHP ,DiNP
and DiDP metabolites in the study participants (CDC, 2013; Wittassek et al., 2011;
Silva et al., 2003 ). Similarly, the data obtained from studies performed in Germany
and Canada showed the common exposure of the German and Canadian populations to
phthalates (Saravanabhavan, 2013; Koch and Calafat, 2009; Fromme et al., 2007).
Nevertheless, a pronounced change in the exposure pattern to phthalates over the last
decade has been reported. The exposure to DEP, DBP, BBP, and DEHP is significantly
decreasing over time, whereas the exposure to DiNP, DiDP and DiBP is on a rising
trend. The legislative actions toward certain phthalate types and the shift within the
phthalate usage toward DiNP may explain this exposure change. Additionally, women
tend to be exposed to higher levels of low molecular weights phthalates, particularly
DEP, owing to their higher use of personal care products (Wittassek et al., 2011; Koch
and Calafat, 2009).
In Egypt, a pilot bio-monitoring study has assessed the exposure to phthalates in 60
girls aged 6-13 years (30 from rural areas and 30 from urban centers) based on
measuring the levels of their urinary phthalates metabolites. The results showed MEP
and MBP to be the highest urinary metabolites detected. The median levels of MEP and
MBP were 98.9 μg l-1 and 53.5 μg l-1 in urban girls, and 43.2 μg l-1 and 47.5 μg l-1 in
rural girls. Participants who reported storing food in plastic packages were found to
have significantly higher concentration of MiBP indicating higher exposures to the
parent DBP phthalate (Colacino et al., 2011).
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1.7 Sources of Human Exposure to Phthalates
Consumer products containing phthalates can result in human exposure to these
chemicals through their direct contact and use or indirectly through leaching into other
products. Humans are also subjected to phthalates during food consumption, exposure
to environmental media, such as air, dust and soil, and during the manufacture of
phthalates or phthalates containing products (Wormuth et al., 2006). Phthalates enter
the human body mainly through ingestion, inhalation and to a lesser extent through
dermal absorption. Parenteral phthalates exposure from medical equipment containing
phthalate has also been reported for hospitalized patients (Swan, 2008; Wormuth et al.,
2006).
The relative contribution of different sources to the total phthalates exposure in the
general population has been examined in many studies. The findings showed that food
is the predominant source of human exposure to phthalates, especially in the case of
DEHP exposure (Schecter et al., 2013; Rudel et al., 2011). Furthermore, personal care
products and indoor air seemed to be significant sources of exposure to low molecular
weight phthalates, particularly DMP and DEP. Mouthing behavior of toys and other
plastic objects is an important source for children exposure to phthalates (Wittassek et
al., 2011; Wormuth et al., 2006; Schettler, 2006).
In a comprehensive study, Wormuth et al. (2006) estimated the average contribution of
dietary and non-dietary sources to the phthalates exposure in European consumers using
modeling based approaches. The examined non-dietary sources were air, dust, soil,
personal care products, gloves, paint sprays, and mouthing of plastic toys for infants.
Food accounted for 55- 95 % of the total exposure to DEHP, DiBP, and DBP indicating
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that it is the major source of their exposure. On the other hand, the contribution of food
to the total exposure of DMP and DEP was estimated to be below 20 % while indoor air
and personal care products appeared to be their main exposure sources. The study also
suggested that infants and small children experienced higher phthalates daily exposures
than adults due to mouthing behavior of plastic objects.
A study involving 50 participants over 7 successive days, Fromme et al. (2007)
compared phthalates daily intakes calculated from duplicate diet samples analyzed for
phthalates content with the intake back calculated from urinary metabolite levels. The
median daily intake of DEHP was significantly correlated with the urinary metabolite
levels. This finding suggested that diet is a dominant source of DEHP exposure. On the
contrary, the calculated intake from urinary metabolites for both DBP and DiBP were
higher than that from dietary levels suggesting the presence of other exposure sources in
conjunction with food.
Furthermore, numerous studies have directly examined the levels of phthalates in
different food matrices (Schecter et al., 2013; Cao, 2010 ; Wenzl, 2009). The examined
matrices ranged from the simple such as beverages to the complex such as poultry and
fish tissues (Cao, 2010; Wenzl, 2009). Phthalates were frequently identified in a variety
of foodstuffs with different concentrations. The substantial variability in phthalates
levels within food products depend on lipid content of the food and the different
processing and packaging practices. Owing to their lipophilic nature, concentrations of
phthalates are generally higher in fatty food such as dairy products (Schecter et al.,
2013; Wittassek et al., 2011; Cao, 2010; Wenzl, 2009).
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1.8 Sources of Phthalates in Food
In a review of the literature, Cao (2010) attributed the presence of phthalates in food to
various sources. Phthalates can enter the food products from PVC equipment and
utensils used for their production, processing, transporting and storage. Common
examples are the PVC tubing used in the processing and the transferring the beverages
between tanks, PVC pipelines used for municipal tap water transportation, the use of
PVC gloves in food preparation, and the plastic hoses found in different food
manufacturing equipment. In addition, foodstuffs can be contaminated with the
phthalates ubiquitously found in the surrounding environment. For example, the
detection of phthalates in drinking water and raw food items, such as crops and
vegetables.
It has been reported in many studies that the primary source of phthalates present in
food and beverages products is their migration from the packaging materials (Fierens et
al., 2012; Fasano et al., 2012; Rudel et al., 2011; Cao, 2010). Phthalates could be found
in many plastic containers and food wrappers, such as cling films made from PVC,
polyethylene or regenerated cellulose. Phthalates may be present in the gaskets of metal
lids and cap-sealing resins for bottled food. Moreover, adhesives and printing inks
found on the outer surface of food wrappings are also potential sources of phthalates
food contamination (Biedermann et al., 2008; Fankhauser-Noti and Grob, 2006).
The significance of packaging materials as a source of phthalates in food products has
been demonstrated in many studies. A recent study has assessed the changes in urinary
metabolite levels for five phthalates in 20 participants before; during and after a 3-day
dietary intervention of serving fresh food with a limited contact to packaging materials.
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The concentration of DEHP metabolites significantly decreased during the intervention
indicating that packaging is the main source of DEHP exposure (Rudel et al., 2011).
Another study has examined the levels of phthalates in vegetable samples and their
corresponding plastic packages. DEP, DBP and DEHP were detected in the vegetable
samples at concentration levels of 8 - 51 ng g-1. The same phthalates migrated from the
plastic bags into the water simulant at concentration levels of 350 -16500 ng g-1. This
finding revealed that plastic bags are a primary source of phthalates contamination
found in the vegetable samples (Cacho et al., 2012).
The level and rate of migration of phthalates from food packaging materials has been
investigated in numerous studies. For instance, Fierens et al. (2012) examined the
levels of phthalates in 12 packaging materials used in the Belgian market. DEHP was
detected in all the samples with concentration varied between 0.001 and 0.32μg cm-2.
DiBP, DBP, and BBP were detected in 85 % of the samples and their levels ranged
from not detected to 0.523, 0.096, and 0.024 μg cm-2 respectively. DEP was also
detected but with less frequency (7 of 12 samples) and in small concentrations.
Fasano et al. (2012) studied the migration of phthalates from common packaging
materials made from different plastic types, to food stimulants (distilled water, 3%
acetic acid, and 15% ethanol) after 10 days of storage at 40˚C. The results showed a
wide variability of phthalates levels in different packaging materials. Higher amount of
phthalates migrated from polyethylene bread bags as compared to polyethylene films.
Caps made of epoxy resin had higher DMP, BBP and DEHP levels than epoxy coated
tuna cans. Polystyrene yoghurt packaging showed only trace DMP migration, whereas
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polystyrene dishes exhibited DEHP migration. Minor amounts of DBP and DMP were
shown to be released from Tetra pack packaging materials. The variability in phthalate
levels across the different packaging material may be related to different types of
plastics that make up these materials.
Farhoodi et al. (2008) examined the potential migration of DEHP from plastic bottles
into 3% acetic acid as a food simulant, at different time points and temperatures. The
bottles were incubated either at 25˚C or 45˚C and were analyzed at different time
points.

At the start of the experiment, no DEHP was detected in the acetic acid

solution. On day 25, the DEHP level in the solution incubated at 25˚C was shown to be
1.2 mg l-1, while the DEHP level in the solution incubated at 45˚C was 2.1 mg l-1. By
day 66, the DEHP levels in the solution incubated at 25˚C raised to 1.4 mg l -1, while the
DEHP levels in the solution incubated at 45˚C was 2.5 mg l-1. The study indicated that
phthalates leaching from plastic containers increased with increasing temperature and
time.

1.9 Phthalates Regulations
Animal and human studies have attracted the attention of health authorities, regulatory
agencies and the public towards the potential adverse health effects of phthalates.
Consequently, several measures and regulations have been undertaken to reduce human
exposure to phthalates (EPA, 2012; Kamrin, 2009).

For example, six types of

phthalates being DEHP, DBP, BBP, DINP, DIDP and DnOP, have been prohibited to
be used in children’s toys at concentrations higher than 0.1% according to the
Consumer Product Safety Improvement Act 2008 (CPSC, 2008).

The European

Commission identified DBP, DEHP, and BBP as reproductive toxicants, and the
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European Union prohibits their use as ingredients in cosmetics. Additionally, the US
EPA has regulated phthalates as water and air pollutants and added certain types of
phthalates to the list of Toxic Substances Control Act (EPA, 2012).

Since food is the chief source of human exposure to phthalates, specific rules and
measures have been set to minimize the risk of foods contamination with phthalates. For
example, the use of DEHP in gloves and food containers has been prohibited in Japan
since 2000 (Mikula et al., 2005). The US EPA has regulated the maximum contaminant
level of 6 μg l-1 for DEHP in drinking water (EPA, 2009). Recently, the US FDA has
established the same maximum level being 6 μg l-1 for DEHP in bottled water (FDA,
2011).

The European regulation EU 10/2011 has established specific migration limits (SML)
for phthalates used in food contact materials. These SMLs are 1.5 mg kg-1 for DEHP, 9
mg kg-1 for DiNP and DiDP, 30 mg kg-1 for BBP and 0.3 mg kg-1 for DBP (EU, 2011).
In addition, DEHP is allowed only to be used as plasticizer in repeated use materials,
such as conveyer belts and tubes, contacting non-fatty food (EPA, 2012; EU, 2011).
Finally, the European Food safety Authority (EFSA) has established tolerable daily
intakes limits (TDI) for certain types of phthalates in food (EFSA, 2005a-e).
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Table 1.2: Values of tolerable daily intake of phthalates as established by EFSA
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Chapter Two: Phthalate analysis and literature review
2.1 Phthalates Analysis
As concerns have grown over the toxic effects of phthalates, the need for sensitive and
reliable methods to accurately monitor and detect the presence of these substances in
different food types have become a critical issue. Analytical procedures for PAEs
detection in food samples generally involves the extraction of phthalates from a matrix
followed by the isolation, separation and instrumental detection of the phthalates. The
selection of instruments and methods used for such analyses are mainly dependent on
the type and complexity of the food matrices examined (Guo and Kannan, 2012; Cao,
2010). The extraction of phthalates is a critical step in their analysis and it is designed
to isolate and enrich trace levels of phthalates from the sample matrix. For simple
beverage samples, liquid-liquid extractions (LLE), solid phase extractions (SPE) and
solid phase micro-extractions (SPME) are the most frequently used methods for
phthalates extractions (Guo and Kannan, 2012; Cao, 2010; Wenzl, 2009 )
2.1.1 Liquid-liquid extraction (LLE)
LLE involves the partitioning of analytes between two immiscible solvents. For
phthalates extraction, non-polar organic solvents, such as dichloromethane and nhexane are used. The extraction is typically conducted in multiple steps followed by
drying using anhydrous sodium sulfate and evaporation to concentrate the sample
(Keresztes et al., 2013; Amiridou and Voutsa, 2011; Wenzl, 2009; Leivadara et al.,
2008). LLE has the advantage of being very simple and inexpensive, in addition, this
method provides high reproducibility and recovery values for the most frequently
occurring PAEs (Keresztes et al., 2013; Amiridou and Voutsa, 2011). On the other

17

hand, LLE is time consuming, uses large amount of solvents, and carries a high risk for
sample contamination by the solvents and materials used (Cao, 2008; Montuori et al.,
2008). Despite this, LLE is still considered very useful and is extensively used in PAEs
extraction.
2.1.2 Solid Phase Extraction (SPE)
SPE is an extraction technique based on the partition of analytes between a liquid and a
solid phase (sorbent) packed in a cartridge or a disk. Analytes are retained on the
sorbent and are later eluted from the sorbent using an organic solvent (Net et al., 2015;
David et al., 2003). For PAEs, SPE is conducted using different sorbents such as silicabased C-18 and crosslinked polystyrene-divinylbenzene (PS-DVB). SPE offers the
advantage of using less solvents as compared to LLE, reducing potential health risks,
and permiting the extraction of multiple samples simultaneously. However, SPE still
carries the risk of sample contamination from solvents and cartirdges used. SPE also
has poorer reproducibilty than LLE methods in addition, the cartridges used in SPE
methods are relatively expensive and may be subject to blockages (Net et al., 2015;
Monturoi et al., 2008; David et al., 2003).
2.1.3 Solid Phase Micro-Extraction (SPME)
Solid phase micro-extraction (SPME) is a non-exhaustive sampling technique that uses
a fused-silica fiber coated with a liquid polymeric film for extraction. Extraction usually
occurs when equilibrium between the fiber coating and the sample is attained (Net et al.,
2015; David et al., 2003). There are different techniques for SPME sampling including
direct sampling that involves directly immersing the fibers into the liquid sample, while
headspace sampling analyzes the gaseous volume over the sample. The fibers can also
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be protected using a membrane in membrane-protected SPME (Guo and Kannan, 2012).
SPME is simple, easily automated and is almost a free solvent method (Net et al., 2015;
Montuori et al., 2008; Cao, 2008). However, the fibers are expensive, short lived and
offer lower reproducibility as compared to LLE methods. Fiber extraction techniques
may at times yield inaccurate results owing to the long periods required to attain the
equilibrium between the fiber and the target chemicals (Net et al., 2015; Guo and
Kannan, 2012)
2.1.4 Instrumental Methods
There are several different types of instrumental techniques that can be used to separate
and detect PAES, including gas chromatography coupled with mass spectrometric
detection (GC-MS), gas chromatography coupled with flame ionization detection (GCFID), and gas chromatography coupled with electron capture detection (GC-ECD).
ECD and FID are generally less selective and less sensitive for phthalates than those
based on MS detection, and thus are less frequently used in phthalates detection (Net et
al. 2015; David et al., 2003). Liquid chromatography coupled with mass spectrometry
detection (LC/MS/MS) can also been used for the separation and detection of phthalates
especially for phthalate monoester metabolites (CDC, 2013).
GC-MS is the major and most frequently used instrumental method for the
determination of phthalates in food as it is very sensitive and specific for phthalate
compounds (Cao, 2008; Keresztes et al., 2013; Fierens et al., 2012; Cao, 2008; Biscardi
et al., 2003). This technique employs a gas chromatograph for separation and a mass
spectrometer for detection and quantification of compounds. The sample solution is
injected into the GC inlet where it is vaporized and is swept on to a chromatographic
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column by an inert carrier gas. The sample flows through the column and the
compounds are separated based on their volatility and their relative interaction with the
coating of the column (stationary phase) and the carrier gas (mobile phase). The
separated compounds are then transferred through an interface to the MS ionization
source in which they are converted under high vacuum into ionized fragments. These
fragments are focused, filtered and detected by the mass detector. Electron ionization
(EI) is a widely used GC/MS ionization technique in which the gas analyte molecules
are bombarded by energetic electrons, which lead to the formation of molecular radical
(M˙+) that can subsequently generate ionized fragments. Electron ionization leads to
characteristic mass spectral fragmentation patterns. Accordingly, EI spectra from
unknowns can be searched against libraries of EI spectra to obtain identification. PAEs
ranging from the smallest molecular weight, which are the most volatile (DMP) to the
highest molecular weight (DiDP) can be analyzed by GC/MS as they are sufficiently
volatile and thermo-stable. Non-polar stationary phases such as poly-dimethyl siloxanes
or poly-methyl phenyl siloxanes are used for phthalates separation and provide high
resolution. GC/MS is highly sensitive and selective for phthalates (Net et al., 2015;
David et al., 2003).
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2.2 Bottled Water and Polyethylene Terephthalate
Recently, bottled water as a potential source of human exposure to phthalates has drawn
considerable attention because of its high and regular consumption as well as its
recognition as one of the products that use plastic containers extensively in its
packaging. The global consumption of bottled water has shown a remarkable growth
trend over the last 30 years. A similar trend of increasing bottled water consumption
has been observed in Egypt. The main reason for this growing trend is that in spite of
its higher price compared to tap water, bottled water is perceived to be of higher quality
and purity, safer and free from pathogens and contaminants as well as being of better
taste. However, the quality of bottled water has raised some health concerns because of
the possibility of phthalates leaching from the plastic bottles, especially when water is
stored for a long period and is subjected to poor distribution and storage conditions such
as high temperature due to sun exposure (Diduch et al., 2013; Marcussen et al., 2013;
Bach et al., 2012).

Since water is consumed regularly and in high amounts (the

recommended amount is 2 liters per day), the presence of phthalates in water can
potentially subject consumers to lifelong phthalate exposure and consequently may
threaten the health of the consumers.
In Egypt, as in most countries, the most common polymer used for the packaging of
bottled water is polyethylene terephthalate (PET). PET is a semi-crystalline polyester
polymer that is regarded as the packaging material of choice for bottling beverages,
such as bottled water and soft drinks. This is owing to its chemical inertness and
excellent physical properties, including transparency, light-weight, physical strength,
and high gas barrier properties. It also exhibits high thermal stability (from -60˚C to
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220 ˚C) and can be used for microwave food trays and food packaging films (Bach et
al., 2013; Marcussen et al., 2013; Bach et al., 2012)
The synthesis of PET polymers occurs through polycondensation reactions of ethylene
glycol with either terephthalic acid or dimethyl terephthalate in the presence of metalbased catalysts, mainly antimony.

Bis (2-hydroxyl-ethyl) terephthalate (BHET) is

initially formed and is further polymerized under vacuum and at high temperatures to
produce PET resin granules. The PET granules are then processed by injection and
stretch blow-molding in order to produce the PET bottles. Co-monomers, such as isophthalaic acid, are usually added in the synthesis of PET bottles to modify the
crystallinity of the polymer and improve its clarity (Bach et al., 2012)
The FDA and other health and safety agencies throughout the world approve PET as
safe for contact with foods and beverages. The safety of PET for food contact
applications has been confirmed through extensive studies and the migration of any
components of PET plastics under the tested conditions is well below the applicable
safety levels (FDA, 1998). Antimony catalyst residues and thermal degradative byproducts, mainly acetaldehyde and formaldehyde, are the most reported compounds
migrating from PET depending on different storage parameters (Bach et al., 2012).
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2.3 Literature Review
Although PET is reported to be relatively free from plasticizers, several studies have
shown the presence of phthalates in bottled water packed in PET containers. By
reviewing the literature, we found a wide variation in the results and consequently the
conclusions derived from the studies that investigated the occurrence of phthalates in
bottled water.
Some authors have claimed that leaching of phthalates from PET bottles is the main
source for its detection in bottled water (Jeddi et al., 2015; Al-Saleh et al., 2011;
Montuori et al., 2008; Casajuana and Lacorte, 2003). Their conclusion is based on a
comparison of the phthalates levels in bottled water packed in PET with bottled water
packed in glass. The presence of higher levels of phthalates in PET bottled water
indicates that PET is the main sources of phthalates (Montuori et al., 2008). Other
studies analyzed the PET bottled water at different storage parameters and observed
concentration changes of phthalates under these conditions

most likely through

leaching (Al-Saleh et al., 2011; Casajuana and Lacorte, 2003).
On the other hand, other studies related the detection of phthalates in bottled water to its
ubiquitous presence in the environment and the possible contamination that may occur
during bottling, transportation or even during the analysis (Amiridou and Voutsa, 2011;
Cao, 2008; Leivadara et al., 2008). Bottle closures, transport pipelines and
contamination of water sources were also suggested as potential sources for phthalates
occurrence (Guart et al., 2014).
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The presence of phthalates in glass-bottled water was shown to be at the same
concentrations as in PET bottled water in some studies (Santana et al., 2014; Cao, 2008;
Leivadara et al., 2008). In Canada, Cao (2008) examined the presence of eight types of
phthalates in 11 brands of bottled water packed in different types of containers ( 7 PET,
3 glasses, and 1 Polycarbonate bottle) employing SPME and GC/MS.

Traces of

phthalates were found in both plastic and glass bottles with no pronounced differences
in their levels.
In a recent study, Santana et al. (2014) used DI-SPME followed by ionic liquid gas
chromatography associated with flame ionization detection or mass spectrometer (ILGC-FID or IL-GC-MS) to separate and identify three types of phthalates in Portuguese
drinking water packed in glass and PET bottles. Phthalates in water were detected at
measurable concentrations in both packing materials, but the concentration of DEHP
was found to be five times higher in PET than in glass-bottled water. It is interesting to
note, however, that in the same study the amount of DBP was determined to be higher
in glass than in PET bottled water. However, only minor traces of phthalates were found
in potable tap water collected from different cities in Portugal.
On the contrary, Montuori et al. (2008) compared the concentration levels of 6 types of
phthalates as well as phthalic acid in water packed in glass and PET. Seventy-one
brands of bottled water available in the Italian market were analyzed employing SPME
and GC/MS. Phthalates were found at trace concentrations in both PET and glass
bottles. However, the concentration of total phthalates in PET was 12 times higher than
those in glass-bottled water suggesting that PET is the main source of the detected
phthalates.
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Leivadara et al. (2008) analyzed DEHP as well as other organic compounds in 13
brands of Greek bottled water packed in PET and glass containers (7 PET bottles and 5
glass bottles) by LLE and GC/MS as a function of time. DEHP was initially detected
with nearly the same concentration in two glass bottles and two plastic bottles. The
concentration levels of DEHP increased or remained unchanged after being stored at
room temperature for three months. Leivadara et al. (2008) suggested that PVC
pipelines are a possible source of phthalates presence in both PET and glass samples.
Biscardi et al. (2003) investigated the presence of DEHP by GC/MS in 24 Italian PETbottled water samples (carbonated and non-carbonated), which were collected at a
bottling plant in Italy, over a storage period of 12 months at room temperature. No
DEHP was detected in any sample throughout the first 8 months. After that, DEHP was
identified in both non-carbonated and carbonated water samples at the 9th and 10th
months of storage.
Recently, a comprehensive study has been performed to assess the presence of
phthalates and other packaging additives in Spanish bottled water packed in a large
number of different packaging materials, including glass and different plastic bottles
with metallic or plastic caps (Guart et al., 2014). A set of 362 samples in different
bottle types were analyzed by SPE-GC/MS in two different conditions: directly after
bottling and after one year storage at room temperature. The compounds investigated
were five types of phthalates, including diethylhexyladipate, alkylphenols and bisphenol
A. Phthalates and other target compounds were detected in water packed in both plastic
and glass bottles at low detection rates with little variation in the concentration of target
compounds between water tested directly after bottling and water stored for one year at
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room temperature. The analysis also revealed that PET plastic bottles with HDPE lids,
which constituted the majority of water bottles on the Spanish market, had lower levels
of PAEs as compared to glass bottles with metallic screw caps. The study revealed that
water bottled in glass bottles with metal caps was most likely to contain detectable
levels of DEHP, where the cap material and the soft liner within it play an important
role in the migration of plasticizers.
The most recent study in Iran by Jeddi et al. (2015) investigated the occurrence of three
phthalates in six brands of PET bottled waters under different storage conditions by
magnetic SPE with GC-MS. In that study, it was determined that phthalates were
initially present in the samples at minor trace levels and that their concentrations
increased with time irrespective of the storage conditions investigated. This suggested
that the phthalate migration increased by increasing storage time. The study showed that
storing bottles at high temperatures resulted in phthalates migrations where the highest
and lowest levels of migrations were recorded for 40°C storage and freezing at -18°C,
respectively. However, all the samples tested showed concentrations of phthalates to be
far below the maximum contaminant levels established by EPA for drinking water.
In a study in Spain, Casajuana and Lacorte (2003) measured the levels of various
phthalate compounds in 9 bottled water samples packed in plastic and glass containers.
The samples were analyzed by using SPE and GC/MS upon purchasing and after
outdoor storage (at about 30°C) for 10 weeks. The concentrations of phthalates were
initially determined to be at or below the limits of detection in almost all the samples
irrespective to the type of bottle used. However, an increase in phthalate concentrations
was observed in water packed in plastic bottles after 10 weeks of outdoor storage. It
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was concluded that poor storage affected the phthalates migration and consequently the
investigators related the presence of phthalates to PET bottles.
In Hungary, three PET bottled water samples were analyzed for six types of phthalates
as a function of time and storage temperature, using LLE and GC/MS. Measurable
levels of phthalates were detected initially in the non-carbonated samples and their
phthalates concentration was shown to increase after storage at room temperature for
more than 44 days. The study also showed that time and temperature positively affected
the phthalates migration (Keresztes et al., 2013).
On the other hand, Amiridou and Voutsa (2011) eported the presence of trace amounts
of three phthalates in six brands of water packed in PET bottles. After investigating the
effect of outdoor storage in the summer period for 15 and 30 days, no significant change
in the concentration of phthalates was reported.
A study in Saudi Arabia has investigated the influence of three different storage
conditions being 4°C, room temperature, and outdoor conditions, on phthalates
migration in 10 brands of PET bottled water by using SPME and GC/MS. The results
showed higher levels of DMP, DEP, BBP, and DBP in the samples stored at 4˚C for 1
month relative to all other storage conditions and time points examined. The authors
suggested that temperature and sunlight may have a role in the degradation of phthalates
with time (Al-Saleh et al., 2011).
Some studies have reported the absences of phthalates traces from the examined PET
bottled water samples. For instance, a study in Italy by Ceretti et al. (2010) and another
study in Spain by Guart et al. (2011) examined the levels of phthalates in bottled water
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samples packed in PET and glass containers after 10 days of exposure to room
temperature and at 40°C. Both studies reported the absence of phthalates at
concentration higher than their respective method detection limits (MDLs) in the
examined samples at both conditions. The MDLs ranged from 0.01 to 0.46 μg l-1 in the
Guart et al. (2011) study and from 0.125 to 0.25 μg l-1 in that by Ceretti et al. (2010).
Bach et al. (2013) also reported the absence of phthalate migration from PET plastic
water bottles after storage for 10 days at different temperatures.
Other authors commented on these studies suggesting the absence of phthalates reported
was due to the high detection limits employed. However, a recent study in France
which had extremely low method detection limits that ranged from 0.0004 to 0.0016 μg
l-1 also reported the absence of phthalates in French bottled water samples (Dévier et al.,
2013). In that study, the authors examined the presence of different phthalates types as
well as other organic compounds in two brands of PET bottled water by using SPME
and GC-MS. Some types of phthalates were detected in the samples at concentration
levels similar or slightly higher than those of the blank values. The authors investigated
the source of the detected phthalates by performing additional analysis of samples at the
bottling factory. They concluded that laboratory background contamination was the
source of the detected phthalates and that the PET bottled water samples are free from
phthalates traces.
In Greece, Psillakis and Kalogerakis (2003) analyzed levels of phthalates in tap and
PET bottled water using SPME with GC/MS. A similar study in Portugal aimed to
compare the levels of phthalates in tap and PET bottled water using liquid desorption
followed by large volume injection GC/MS (Serodio and Nogueira, 2006). The two
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studies reported on the detection of phthalates at comparable trace levels in both tap and
bottled water. Psillakis and Kalogerakis (2003) suggested that contamination during
bottling is the source of phthalates in bottled water. On the other hand, Serodio and
Nogueira (2006) related the presence of phthalates in tap water to the PVC pipelines,
and in bottled water to the PET packaging material.

2.4 Current Study Objectives
In Egypt, the safety of PET bottled waters is also a subject of concern. It is a common
practice by vendors and distributors to transport and store bottled waters outdoors under
direct sun exposure for extended periods. Many consumers also tend to leave bottled
waters in their cars exposing them to direct sunlight. Therefore, the aim of this study
was to examine the occurrence and quantify the levels of phthalates in bottled water
locally produced in the Egyptian market. To our knowledge, there are no previous
published studies that have examined the occurrence of phthalates in the Egyptian
bottled water. The impacts of diverse storage conditions on the levels and potential
release of PAEs from PET bottles into water samples were also explored. The obtained
results are to be compared to the maximum contaminant levels established by FDA and
EPA in addition to those previously reported in other studies in order to evaluate the
quality of PET bottled water in Egypt. Finally, the measured concentrations of PAEs
are to be used to estimate the exposure of adults and toddlers through bottled water
consumption in Cairo, Egypt.
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Chapter 3: Materials and Methods
3.1 Samples Collection
Six different brands of frequently consumed Egyptian bottled water were selected for
this study. The bottled water samples were geographically randomly collected in July
2013 from various local markets in Cairo but were of identical batches for each brand.
All the samples were packed in PET plastic bottles with High Density polyethylene
(HDPE) plastic caps. The brands were coded subsequently from A to F. One of the
brands was carbonated bottled water to assess the effect of acidic pH on the phthalates
levels, while five others were non-carbonated bottled drinking water

3.2 Storage Conditions
The following conditions were selected in our study:


Samples were analyzed directly after purchasing.



Samples were stored outdoors and exposed directly to sunlight during the period
of July to November 2013 where temperature ranged from 40 to 45°C in many
days. The samples were analyzed after 1, 2, and 4months of storage.



Samples were stored in a refrigerator at a temperature of 4°C. The samples were
analyzed after 1, 2, and 4 months of storage.



Samples were stored at room temperature and analyzed after 2 and 6 months of
storage.

For each condition, two different sizes being 0.65 L and 1.5 L, of each brand were
analyzed, except for carbonated water, as it was available in only 1 L size. Each sample
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was analyzed in duplicates and the values for the duplicate samples were averaged for
data summaries and statistical analyses.

3.3 Chemicals and Reagents
A standard mixture (Z-014A) containing standard solutions of DMP, DEP, DBP, BBP,
DEHP, and D-n-OP dissolved in dichloromethane (each at a concentration of 2000 µg
ml –1) was obtained from AccuStandard (New Haven, USA). All the compound
standards were of high purity grade (>98%). HPLC grade Dichloromethane was
purchased from Fisher Scientific (Loughborough, UK). Anhydrous sodium sulfate of
analytical reagent grade was purchased from MP Biomedicals, LLC (Strasbourg,
France). Ultrapure water produced by a Milli-Q Integral water purification system
(Millipore, Bedford, MA, USA) was used.

3.4 Glassware and Reagent Control
Special care was taken to reduce the risk of phthalate contamination that may occur in
any step of the analysis. All glassware was carefully washed with hot water and
detergent followed by acetone rinsing and drying at 400°C for 30 minutes in a furnace.
Plastic materials and gloves were completely avoided during analysis. For samples and
standard handling, separatory funnels with Teflon stopcocks, glass vials with Teflon
caps and GC syringes were used.

3.5 Preparation of Standard Solutions
A working standard 200 µg ml –1 solution was prepared by transferring 500 µl from a
stock solution into a 5 ml Teflon capped graded amber glass vial and filled to volume
with dichloromethane. The working standard solutions were prepared monthly and
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stored at 4°C. Calibration standard solutions at different concentrations were freshly
prepared on the day of analysis by diluting the working standard in dichloromethane.

3.6 Samples Preparation
The sample preparation and the analytical methodology used in this work were adopted
from the EPA (method 625). Briefly, PAEs were isolated from the water samples using
liquid-liquid extraction with dichloromethane in a glass separatory funnel. One liter of
water sample was introduced into the separatory funnel and serially extracted three
times with 60 ml of dichloromethane each time. The combined extracts were collected,
dried over anhydrous sodium sulphate and evaporated to a final volume of 1 ml by
rotary evaporator (IKA RV 10 control, IKA-Werke GmbH and Co.Kg, Germany) at
43°C and 33 rpm.

3.7 Instrumentation and Method
A gas chromatograph equipped with a split/splitless injector and an auto-sampler
(Varian CP-3800, Varian Inc., Middleburg, The Netherlands) coupled with a triple
quadrupole mass spectrometer (Varian 320, Varian Inc., Walnut Creek, USA) was
employed for the analysis. A 30 m VF-5MS capillary column (5% phenyl - 95%
methyl polysiloxane) with a 0.25 µm film thickness and 0.25 mm internal diameter
(CP8944, J and W Agilent, Folsom, California, USA) was used for compound
separation. Helium carrier gas at 99.999% purity was used at a constant rate of 1 ml
min-1. Injections of 1 µl were made in splitless mode using an injector temperature set
at 275°C. The oven temperature was initially programmed at 40°C for 3.5 min then was
increased by a rate of 5°C min−1 until reaching 250°C and then held for 10 min.
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Finally, the temperature was increased at a rate of 2°C min−1 reaching 280°C and then
held for 5 min.
Electron ionization of 70 eV was employed and the quadrupoles were scanned from 50550 amu. at a rate of 0.5 scans sec-1. The transfer line, ion source and manifold of the
mass spectrometer were set at 250, 200 and 40°C respectively. The data were acquired
in full scan mode and recorded on a workstation (Varian 6.9) equipped with a National
Institute of Standards and Technology (NIST, US Department of Commerce) mass
spectral library. The target PAEs compounds were identified in the samples based on
retention time matching to the standard, the presence of two to four qualifier ions and
their correct ratios in accordance to the mass spectra characteristic features obtained
using the standards. Table 3.1 shows the analyzed phthalates with their target and
qualifier ions. For increased confidence in the identification, the mass spectrum for each
compound was also compared with the NIST library reference spectral bank.
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Table 3.1: Identification and quantification ions used for the studied phthalates

Compounds

CAS No.

Chemical formula

Qualifier ions (m/z)

Quantifier ion
(m/z)

DMP

131-11-3

C10H10O4

163, 77, 152, 76

163

DEP

84-66-2

C12H14O4

149, 177, 65, 150

149

DBP

84-74-2

C16H22O4

149, 223, 205, 57

149

BBP

85-68-7

C19H20O4

149, 91, 65, 206

149

DEHP

117-81-7

C24H38O4

149, 167, 279, 71

149

D-n-OP

117-84-0

C24H38O4

149, 57, 150 ,55

149

The quantification of PAEs was achieved using external standard calibration in which
the amount of each compound was calculated from the peak response using a multipoint
calibration curve. The quantification was mostly based on the phthalic anhydride ion
signal detected at m/z 149 except for DMP that had a base peak at m/z 163. The
chromatographic conditions applied here allowed for the separation of all analyzed
phthalates as evident from representative chromatograms of phthalates standards are
shown in Figure 3.1.
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Figure 3.1. Representative standards chromatograms used for phthalates analysis. Panel A. shows a
representative extracted ion chromatogram of DEP, DBP, BBP, DEHP and DnOP at m/z 149. Panel B. shows
a representative extracted ion chromatogram of DMP at m/z 163
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3.8 Quality Control and Quality Assurance
Calibration curves for each phthalate compound were constructed by plotting known
concentrations of the corresponding standards versus their respective peak area
responses. Linear curve fits with high correlation coefficients ranged from 0.991 to
0.999 for the six analyzed PAEs were obtained using linear squares analysis. Figure 3.2
shows representative standard calibration curves for phthalate analysis.
The instrumental detection limits (IDLs) were calculated from the instrument response
to the lowest standard and extrapolated down to the corresponding amount of analyte
that would generate a signal to noise ratio of 3:1. The background contribution that
could occur from laboratory media, glassware, solvents and instrument was monitored
by analyzing blank samples. Blanks were prepared from ultrapure Milli-Q water and
processed in the same manner as the bottled water samples. The method detection limits
(MDLs) were calculated as the mean of the blank concentration (n = 7) plus 3 times the
standard deviations. Table 3.2 reports the IDL of PAEs compounds, which ranged from
0.005 to 0.013 μg l-1 and the MDL of PAEs compounds, which ranged from 0.012 to
0.063 μg l-1. The accuracy of the method was determined by analyzing seven replicates
of ultrapure Milli-Q water blanks spiked with PAEs standards at concentration level of
0.4 μg l-1 and expressed in terms of recovery percentage. In addition, the precision of
analysis was estimated by determining the relative standard deviation of the seven
replicates for the above stated spiked concentrations. The PAEs compounds recovery
ranged from 80 - 130% and the relative standard deviation (RSD) ranged from 7 - 21 %
(see Table 3.2).
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Figure 3.2. Representative standard calibration curves used for phthalates analysis. Panel A shows a
calibration curve for benzyl butyl phthalate. Panel B shows a calibration curve for dibutyl phthalate.
Panel C shows a calibration curve for dimethyl phthalate
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Table 3.2: Instrumental detection limit, method detection limit, recovery and RSD for
phthalate analysis.

Compounds

IDL (μg l-1 )

MDL (μg l-1 )

Recovery %

RSD %

DMP

0.013

0.02

80-110

7.02

DEP

0.0082

0.012

90-115

7.1

DBP

0.0083

0.043

90-130

10.8

BBP

0.004

0.04

94-140

10.5

DEHP

0.005

0.062

80-130

20.9

D-n-OP

0.0087

0.01

85-130

15.08

IDL: Instrumental detection limit
MDL: method detection limit
The recovery percent and the relative standard deviation (RSD%) of 7 replicates at spiking levels
(0.4μg l-1)

A laboratory control sample, in which ultrapure Milli-Q water spiked with 0.4 μg l-1,
phthalates standard, blank sample, and dichloromethane solvent were analyzed with
each set of samples to examine the background contamination and ensure the stability
of analytical performance. A full calibration curve was also obtained after each sample
set to check any drift in instrumental performance and provide additional confidence in
the accuracy of quantification. The blank values were subtracted from the sample
results for each analysis. Representative chromatograms of sample and blank are shown
in Figures 3.3 and 3.4.
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Figure 3.3. Representative bottled water sample chromatogram versus standard chromatogram.
Panel A. shows a sample extracted ion chromatogram of DEP, DBP, BBP, DEHP and DnOP at m/z
149. Panel B. shows a standard extracted ion chromatogram of DEP, DBP, BBP, DEHP and DnOP
at m/z 149
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Figure 3.4. Representative blank extracted ion chromatogram of DEP, DBP, BBP, DEHP and DnOP
at m/z 149.

3.9 Statistical Analysis
Statistical analysis of the results was carried out using SPSS software statistics version
22. Before performing this statistical analysis, normality of concentrations in each
group was checked using the Shapiro-Wilk test. Non-parametric tests were used in our
analysis where P-values of less than 0.05 were considered to indicate statistical
significance.
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Chapter 4: Results and Discussion
This study investigates, for the first time, the occurrence and concentration levels of six
common phthalates in different branded PET bottled water locally produced in the
Egyptian market.

Analysis of samples, stored under different conditions, was

conducted to study the factors that could potentially affect the PAEs leaching from the
PET plastic bottles into the water samples. A set of 108 bottled water samples
corresponding to six commercial brands were analyzed using liquid-liquid extraction
with dichloromethane and GC/MS. Twelve samples were analyzed for each condition,
which were directly after purchasing, outdoor storage for 1, 2 and 4 months, refrigerator
storage for 1, 2 and 4 months, and room temperature storage for 2 and 6 months.

4.1 Detection Pattern
Under the applied GC-MS conditions, the total run time was 70 minutes and the elution
order of the separated phthalates was as follows: DMP, DEP, DBP, BBP, DEHP and Dn-OP. Three of the six examined phthalates were observed above their respective
method detection limits in the investigated PET bottled water samples. DBP and DEHP
were the most frequently detected compounds with detection frequencies of 58.7% and
50% in samples analyzed directly after purchasing and reached 100% detection
frequencies after exposure to the different storage conditions employed in this study
with concentrations ranging between < 0.043-0.549 µg l-1 and < 0.062-0.619 µg l-1 for
DBP and DEHP respectively. DEP was not detected in any of the samples analyzed
immediately after purchasing; however, its detection frequency reached 75% in samples
analyzed after being stored for 6 months at room temperature and after 4 months of
outdoor storage. The concentration levels of DEP ranged between < 0.012-0.062 µg l-1.
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DMP, BBP and D-n-OP were not observed above their respective method detection
limits in any of the samples analyzed.

4.2 Detection Pattern Comparison to the Published Data
The detection patterns of the phthalates analyzed in this study are in good agreement
with those reported in several studies in other countries (Amiridou and Voutsa, 2011;
Cao, 2008; Bošnir et al., 2007; Serodio and Nogueira, 2006; Casajuana and Lacorte,
2003; Psillakis and Kalogerakis, 2003). DBP, DEHP and DEP were the major
phthalates in terms of frequency of detection and concentration levels as observed in
bottled water samples examined under different storage conditions in several studies
(Amiridou and Voutsa, 2011; Cao, 2008; Bošnir et al., 2007; Serodio and Nogueira,
2006; Casajuana and Lacorte, 2003; Psillakis and Kalogerakis, 2003). In contrast to
our study where DMP and BBP were not detected in any of the examined samples, BBP
was among the detected phthalates in the Serodio and Nogueira (2006) study at a
concentration of 0.02 µg l-1, while Casajuana and Lacorte (2003) reported the
occurrence of both DMP and BBP at concentrations of 0.002 and 0.01µg l-1,
respectively.
DBP and DEHP were the dominant phthalates detected in studies by Jeddi et al. (2015),
Keresztes et al. (2013) and Santana et al. (2014), However, no DEP was detected in
these three studies. BBP was detected at a concentration range of < 0.06-0.1 µg l-1 in the
study by Keresztes et al. (2013) and at a mean concentration of 0.063 µg l-1 in the study
by Jeddi et al. (2015).
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Additionally, DEP and DBP were readily detected in bottled water samples packed in
both PET and glass bottles in a study by Montuori et al. (2008), while contrary to our
results the concentration levels and detection rates of DEHP were very low in all
samples analyzed in that study.
The detection pattern of phthalates in PET bottled water samples examined by Guart et
al. (2014) was slightly different from our study. DBP was not detected in the bottled
water samples in that study and lower detection rate for DEHP (detected in 13 out of
448 samples) under the two conditions examined being directly after purchasing and
after one year storage at room temperature was reported. In that study, DEP was
detected in 30 out of the 448 analyzed samples while BBP was detected in only 5
samples.
Al-Saleh et al. (2011) found that BBP was the prevailing phthalate in the bottled water
samples examined under three storage conditions, 4°C, room temperature, and outdoor
conditions. BBP was detected in 89.3 % of the 150 tested samples and the highest
values (4.5 ± 3.0 µg l-1) were detected in samples stored at 4°C. In comparison to our
results, Al-Saleh et al. (2011) showed lower detection of DBP and DEHP, while higher
detection rates for BBP and DMP were reported. The results of this study suggested
that the phthalate migration patterns of bottled water samples in Saudi Arabia is to some
extent different from that reported in our study as well as most of other studies in the
literature. The variation in the detected types of phthalates between our study and other
reports might originate from the regional differences in the pervasiveness of
contaminants in different countries as well as the different patterns of industrial
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production and uses of phthalates among the countries where the studies were
conducted.

4.3 Results of Samples Analyzed Directly After Purchasing
The results of the samples analyzed immediately after purchasing revealed the detection
of DEHP and DBP at sub-ppb levels. The mean, median, standard deviation, range,
25th, 75th percentiles, and the detection frequency of each phthalate are listed in Table
4.1. DBP was detected in 7 out of the 12 samples analyzed immediately after
purchasing at concentrations higher than its method detection limit. DEHP was detected
to be above the method detection limit in 6 out of the 12 samples. The concentration
level of DBP detected ranged from < 0.043-0.171 µg l-1, while the DEHP concentration
ranged from < 0.062-0.298 µg l-1 as seen in Table 4.1. DEP on the other hand, was
found to be below its method detection limit in all PET-bottled water analyzed under
this condition.
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Table 4.1: Phthalate concentration in µg l-1 obtained in this study from PET-bottled
water samples analyzed after direct purchasing
DMP

DEP

DBP

BBP

DEHP

DnOP

Mean

ND

<0.012

0.082

ND

0.104

ND

Median

ND

<0.012

0.06

ND

0.067

ND

SD

ND

<0.012

0.057

ND

0.085

ND

Minimum

ND

<0.012

< 0.043

ND

< 0.062

ND

Maximum

ND

<0.012

0.171

ND

0.298

ND

25th Percentile

ND

<0.012

< 0.043

ND

< 0.062

ND

75th Percentile

ND

<0.012

0.13

ND

0.154

ND

Detection Frequency

ND

<MDL

58%

ND

50%

ND

In comparison to the published data, our results are consistent with the observed
concentration ranges reported in other studies that examined the levels of phthalates in
bottled water directly after purchasing (Jeddi et al., 2015; Santana et al., 2014;
Amiridou and Voutsa, 2011; Cao, 2008; Serodio and Nogueira, 2007; Psillakis and
Kalogerakis, 2003). DEHP and DBP seem to be common contaminants in most of the
worldwide bottled water samples and their reported values in most of the studies are
generally in the range of 0-1 µg l-1. Table 4.2 lists the concentration levels of PAEs in
µg l-1 in bottled water samples reported in the literature as analyzed directly after
purchasing.
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Table 4.2: Phthalates concentration in µg l-1 in PET-bottled water samples reported in
the literature as analyzed directly after purchasing
Reference

Country

DEP

This study, 2015

Egypt

< 0.012

Jeddi et al., 2015

Iran

Cao, 2008

Canada

Amiridou and
Voutsa, 2011

Greece

Montuori et al.,
2008

Italy

Psillakis and
Kalogerakis,
2003

Greece

Serodio and
Nogueira, 2007

Portugal

DBP

DEHP

Range:<0.043-0.171

Range: <0.063- 0.298

Mean:0.082
Range: -

Mean: 0.104
Range:-

Mean:0.135

Mean:0.217

Range: 0.054-0.1

Range: 0.075-0.32

Range: 0.05-0.34

Mean:0.08

Mean:0.138

Mean:0.118

Range: ---

Range: ---

Range: ---

Median: 0.033

Median: 0.044

Median: 0.35

Rangeb: 0.14-0.35

Rangeb: 0.17-0.52

Rangeb: <0.02-0.0.17

Median: 0.22

Median:0.23

Median:<0.02

Range: 0.07-0.12

Range: 0.08-0.14

Range: 0.36-0.46

Mean:0.095

Mean:0.11

Mean:0.41

Range: ---

Range: ---

Range: ---

Mean:0.04

Mean:0.35

Mean:0.17

Range: 0.06-1.68

Range: 0.08-0.18

Mean: 0.51

Mean: 0.12

NA

Santana et al.,
2014

Portugal

Guart et al., 2014

Spain

Range: 1.02-20.5

ND

Range: 1.52

Keresztes et al.,
2013

Hungary

ND

Range: <0.007-0.8

Range: <0.016- 1.7

NA

Numbers in italics refer to median values
b

represents 25th and 75th percentiles

NA: Not analyzed in this study
ND: Not detected
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The mean concentration of DBP detected in the Egyptian PET bottled water samples in
our study being 0.082 µg l-1 is in general agreement with values in reported other studies
as listed in Table 4.2. It is worth noting however, that the maximum level of DBP of
0.172 µg l-1 observed in this study is among the lowest reported levels and is for
example, 5 times lower than that reported by Keresztes et al. (2013).
Table 4.2 also shows the Portuguese study (Santana et al., 2014) to report a maximum
concentration for DBP above 1 ppb, which is approximately 10 times higher than our
reported value. For DEHP, the highest maximum concentration is reported in Hungary
(Keresztes et al., 2013) and Spain (Guart et al., 2014) where it is approximately 5 times
higher than that determined in this study. With the exception of the values reported
from Hungary and Spain, the mean and maximum concentrations of DEHP determined
here, being 0.104 and 0.298 µg l-1are in good agreement with all other published reports
(see Table 4.2).
The existence of phthalates in the PET bottled waters analyzed directly after purchasing
may be due to various sources. Phthalates may be initially present as environmental
contaminant in underground wells and aquifers, from which the bottled water was
obtained (Dévier et al., 2013; Bono-Blay et al., 2012). Such contaminant could be
derived from municipal and industrial activities, unsatisfactory disposal of wastes, and
landfill leachate (Huang et al., 2013; Bono-Blay et al., 2012; ATSDR, 1995).
Phthalates are additive, which are applied to products without being chemically bound
to the materials and polymers they treat. Consequently, they may be released into the
environment during their uses as well as during their production and disposal thus
become a ubiquitous environmental contaminant (Wormuth et al., 2006). In Egypt,
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bottled water is natural water derived from deep wells; however, it was reported that
phthalate contaminants are able to percolate down through underlying soils and reach
deep aquifers (Dévier et al., 2013).
Phthalates may also contaminate the bottled water during its production and bottling
processes. PVC pipelines used in water supplying and distribution, water treatment
facilities, storage tanks, filtering system, plastic hoses, any other plastic or epoxy-resinbased equipment could be potential sources for phthalate contamination ( Guart et al.,
2014; Bach et al., 2013; Amiridou and Voutsa, 2011; Cao, 2010; Leivadara, et al., 2008;
Montuori et al., 2008).
In general, packaging materials may contain substances, which are added intentionally
for a specific purpose, such as coloring agents, however there are substances that may
be present in packaging materials and are not added intentionally during the production
process (Grob et al., 2006). These so-called non-intentionally added substances (NIAS)
include among other things, impurities in the raw materials, degradation products of
additives and food contact materials and unwanted by-products or various contaminants
from recycling processes. In addition, recycled plastic can be a source of unknown
chemical compounds found in water. All these substances may potentially migrate from
the packaging material to the bottled water (EFSA, 2011; Grob et al., 2006).
Another possible source of phthalate presence in the samples is via contamination
during the analysis through solvents, glassware, plastic materials as well as laboratory
air and dust (Dévier et al., 2013; Guo and Kannan, 2012).
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In this work, several

precautions have been implemented as discussed earlier to minimize this route of
phthalates contamination.

4.4 Results of Samples Analyzed Under Various Storage Conditions
The effects of various storage conditions (outdoor, refrigerator and room temperature
storage) on the migration and thus concentration levels of phthalates were investigated
in the PET bottled water samples at different exposure periods.
4.4.1 Outdoor storage results
The levels of phthalates were examined in the samples after outdoor storage for 1, 2 and
4 months and the results are shown in Table 4.3 and illustrated in Figures 4.1 and 4.2.
Under outdoor storage conditions where the average temperature was 36 ± 4 °C, the
concentration of phthalates increased with increasing storage period with the highest
increase being observed for DEHP followed by DBP (see Figures 4.1 and 4.2).
As shown in Table 4.3 and Figure 4.1, the mean concentration of DEHP in the bottled
water samples after outdoors for one month was 0.190 µg l-1 and increased after 4
months storage to 0.432 µg l-1. These concentrations correspond to 1.8 and 4.2 fold
increases, respectively relative to the initial mean concentration determined in the water
samples before storage.

The same trend was observed for DBP where the mean

concentration increased 1.5 and 2.8 times in samples stored outdoors for 1 and 4
months, respectively relative to the initial levels determined before storage.
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Figure 4.1. Concentrations of phthalates observed in bottled water samples after different exposure
periods in outdoor storage (red, green and purple are after 1, 2 and 4 months, respectively) relative
to the initials levels determined directly after direct purchasing (blue bars). All displayed values are
mean values with error bar representing the standard error, which is equal to one standard deviation
divided by the square root the sample number.
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storage
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Figure 4.2. Concentrations of phthalates observed in bottled water samples after different periods of
outdoor storage shown in boxplot format. The box contains the middle 50% of the data, whereas the
top and bottom ends of the boxes represent the 75th and 25th percentiles of the data set, respectively.
The whiskers at either end of the box indicate the maximum and minimum values.
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Table 4.3: Phthalates concentration in µg l-1 obtained in this study from PET-bottled
water samples analyzed after different exposure periods in outdoor storage

DEHP
Percentiles
50th
(Median)

75th

0.121

0.165

0.216

0.539

0.212

0.268

0.404

0.604

0.346

0.416

0.523

Mean

Std.
Deviation

Minimum

Maximum

25

1 month

0.19

0.106

0.064

0.475

2 months

0.306

0.113

0.201

4 months

0.432

0.102

0.272

th

DBP
Percentiles
50th
(Median)

75th

0.046

0.105

0.129

0.449

0.075

0.13

0.23

0.549

0.094

0.237

0.306

Mean

Std.
Deviation

Minimum

Maximum

25

1 month

0.124

0.114

<0.043

0.435

2 months

0.167

0.123

<0.043

4 months

0.229

0.145

0.061

th

DEP
Percentiles
50th
(Median)

75th

<0.012

<0.012

0.017

0.045

<0.012

0.017

0.034

0.057

<0.012

0.021

0.041

Mean

Std.
Deviation

Minimum

Maximum

25

1 month

0.016

<0.012

<0.012

0.042

2 months

0.022

0.013

<0.012

4 months

0.028

0.017

<0.012
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DEP, which were not detected above the method detection limit in samples analyzed
directly after purchasing, have shown very small increases in concentration after
outdoor storage. In the first month of outdoor storage, DEP was detected in 5 samples
out of 12 with concentration range of < 0.011-0.042 µg l-1. After 4 months, its detection
frequency increased to 75 % (9 out of 12 samples) with a maximum concentration of
0.057 µg l-1.
The changes in phthalate concentrations after each period of storage as compared to
their respective initial levels recorded before storage were statistically analyzed using
Friedman and Wilcoxon Signed Ranks tests in order to assess their significance. In the
Friedman test P-value < 0.05 is considered significant while for the Wilcoxon Signed
Ranks test a P-value of < 0.0083 is considered significant.
The increase for DBP and DEHP was determined to be not statistically significant after
1 month of outdoor storage relative to their respective levels obtained directly after
purchasing. However, after 2 and 4 months of outdoor storage relative to their initial
values, the changes for DBP and DEHP were statistically significant while the change
in the case of DEP was only significant after the 4 months period. These results suggest
that increased storage time under these conditions may increase the migration level of
phthalates.
4.4.2 Results after storage at 4°C
The levels of phthalates were examined in the samples after refrigeration for 1, 2 and 4
months and the results are presented in Table 4.4 and illustrated in Figures 4.3 and 4.4.
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Figure 4.3. Concentrations of phthalates observed in bottled water samples after different exposure
periods of 4 °C storage (red, green and purple are after 1, 2 and 4 months, respectively) relative to
the initials levels determined directly after direct purchasing (blue bars). All displayed values are
mean values with error bar representing the standard error, which is equal to one standard deviation
divided by the square root the sample number.
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Figure 4.4. Concentrations of phthalates observed in bottled water samples after different exposure
periods of 4 °C storage shown in boxplot format. The box contains the middle 50% of the data,
whereas the top and bottom ends of the boxes represent the 75th and 25th percentiles of the data set,
respectively. The whiskers at either end of the box indicate the maximum and minimum values.
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Table 4.4: Phthalates concentration in µg l-1 obtained in this study from PET-bottled
water samples analyzed after different exposure periods of 4°C storage

DEHP
Percentiles
50th
(Median)

75th

<0.062

0.089

0.193

0.41

0.147

0.24

0.375

0.475

0.189

0.323

0.442

Mean

Std.
Deviation

Minimum

Maximum

25

1 month

0.135

0.122

<0.062

0.437

2 months

0.235

0.132

<0.062

4 months

0.307

0.13

0.063

th

DBP
Percentiles
50th
(Median)

75th

<0.043

0.102

0.147

0.277

0.087

0.123

0.162

0.400

0.100

0.158

0.226

Mean

Std.
Deviation

Minimum

Maximum

25

1 month

0.107

0.066

<0.043

0.230

2 months

0.128

0.07

<0.043

4 months

0.173

0.093

0.065

th

DEP
Percentiles
50th
(Median)

75th

<0.012

<0.012

0.016

0.036

<0.012

<0.012

0.014

0. 037

<0.012

0.02

0.032

Mean

Std.
Deviation

Minimum

Maximum

25

1 month

0.014

0.007

<0.012

0.029

2 months

0.014

0.008

<0.012

4 months

0.02

0.011

<0.012
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As shown in Figures 4.3 and 4.4, the levels of phthalates increased after storage at 4°C
for different exposure periods. The average mean concentration for DBP after storage
at 4°C for 1 month was 0.107 µg l-1 and increased after 4 months to reach 0.173µg l-1 (
see Table 4.4 and Figure 4.3). These two values are 1.3 and 2 times higher than the
mean value obtained for DBP directly after purchasing.

The average mean

concentrations for DEHP after 1 and 4 months storage were 0.135 and 0.307 µg l-1,
which correspond to 1.2 and 3 times higher than the average value obtained for DBP
directly after purchasing. For DEP, the increase in concentration was small, where the
highest mean and maximum concentrations were obtained after 4 months of storage
with values of 0.02 and 0.032 µg l-1, respectively. It is important to note that while
Figure 4.3 shows DBP, DEP and DEHP all increase with increasing storage time under
4°C, however, it was determined that changes in DEHP concentration after 4 months
was the only statistically significant change that occurred under this storage condition
relative to the results obtained directly after purchasing.
4.4.3 Room temperature storage results
After storing the samples at room temperature (25 ± 4°C) for 2 and 6 months, an
increasing trend in phthalates concentration was observed. The concentrations are listed
in Table 4.5 and summarized in Figures 4.5 and 4.6.
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Figure 4.5. Concentrations of phthalates observed in bottled water samples after different exposure
periods in room storage (red and green are after 2 and 6 months, respectively) relative to the initials
levels determined directly after direct purchasing (blue bars). All displayed values are mean values
with error bar representing the standard error, which is equal to one standard deviation divided by
the square root the sample number.

Concentration in μg l -1

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
DBP

DEHP

analyzed directly after
Purchasing

DBP

DEHP

DEP

2 months of room storage

DBP

DEHP

DEP

6 months of room Storage

Figure 4.6. Concentrations of phthalates observed in bottled water samples after different exposure
periods in room storage shown in boxplot format. The box contains the middle 50% of the data,
whereas the top and bottom end of the boxes represent the 75th and 25th percentiles of the data set,
respectively. The whiskers at either end of the box indicate the maximum and minimum values.
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Table 4.5: Phthalate concentrations in µg l-1obtained in this study from PET-bottled
water samples analyzed after different exposure periods in room temperature storage.
DEHP
Percentiles
50th
(Median)

75th

0.232

0.282

0.327

0.219

0.423

0.563

Mean

Std.
Deviation

Minimum

Maximum

25

2 months

0.274

0.126

<0.043

0.462

6 months

0.396

0.162

0.171

0.617

th

DBP
Percentiles
50th
(Median)

75th

0.104

0.135

0.179

0.118

0.209

0.31

Mean

Std.
Deviation

Minimum

Maximum

25

2 months

0.136

0.04

0.072

0.195

6 months

0.227

0.123

0.081

0.491

th

DEP
Percentiles
50th
(Median)

75th

<0.012

0.014

0.019

<0.012

0.025

0.043

Mean

Std.
Deviation

Minimum

Maximum

25

2 months

0.017

0.008

<0.012

0.036

6 months

0.029

0.018

<0.012

0.062
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As shown in Table 4.5 and Figure 4.5, the mean levels of DBP after 2 and 6 months
storage at room temperature increased 1.6 and 2.8 times respectively relative to their
mean values obtained directly after purchasing while for DEHP the increases observed
were approximately 2.6 and 4 times relative to their initial mean values. Statistically
significant changes in the concentrations of DBP and DEHP were observed only after 6
months storage at room temperature relative to their values obtained directly after
purchasing.
The Kruskal-Wallis test was used to compare the phthalates concentration levels among
the various storage conditions used in this study and the test results are presented in
Table 4.6. This was followed by the Mann-Whitney test that was used to compare the
results between each pair of conditions. The analysis showed that for all the examined
conditions regardless the storage periods, the change in the concentration of DBP,
DEHP and DEP were statistically significant.
Table 4.6: Results of DBP, DEHP and DEP concentrations in µg l-1 (mean ± SD) under
different storage conditions regardless of storage periods.

Storage condition

N

DBP

DEHP

DEP

Directly after purchasing

12

0.082 ± 0.016

0.104 ± 0.024

<0.01

Outdoor storage

36

0.173 ± 0.132

0.309 ± 0.145

0.022 ± 0.014

Storage at 4°C

36

0.136 ± 0.08

0.226 ± 0.14

0.016 ± 0.009

Storage at room temperature

24

0.182 ± 0.101

0.335 ± 0.155

0.023 ± 0.015

0.015

<0.001

<0.001

P values
N: number of all samples analyzed at this condition
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The Mann-Whitney test revealed significant changes between the concentrations of
DBP and DEHP as compared to their respective values obtained directly after
purchasing in the case of outdoor and room temperature storage (P <0.001 in both
cases) while in case of storage at 4°C the changes were not significant. This indicates
that in addition to time, temperature seems to influence the rate of phthalate migration
and thus concentration.
There was no statistical difference observed in the concentrations of phthalates between
carbonated and non-carbonated water samples. This suggests that the pH of the water
most likely has no effect on phthalates leaching from PET bottles. However, it was
noted that DEP was not detected in any carbonated water samples analyzed in this work
while it was detected at trace levels in non-carbonated samples. This finding is in line
with reports by Cao (2008) and Leivadara, et al. (2008) who reported no significant
changes between phthalates migration into carbonated and non-carbonated water.
The observed increase in phthalate concentrations under the different storage conditions
tested in this study suggests that PET plastic bottles may be a source for the detected
phthalates.

Phthalates occurrence in PET plastics is a controversial issue as PET

polymers differ chemically from phthalates plasticizers. Phthalates are esters of orthophthalic acids, while PET is polyester of para-phthalic acid. Thus, it is not chemically
possible for PET to yield phthalates through degradation or any other chemical pathway
during the manufacturing or storage. Furthermore, plasticizers are used to soften the
plastic they treat, nevertheless, PET bottles are required to be rigid, in order to attain
good mechanical and gas barrier properties, and their elasticity can be modified during
their production through molding and extrusion. Accordingly, phthalates are not used
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in PET manufacturing and their presence therefore, is mostly non-intentional. The
concentration levels of phthalates determined here in all samples analyzed and under all
storage conditions tested did not exceed 1 ppb.

These relatively small amounts also

suggest that phthalates are not intentionally added in PET plastic bottles, but rather are
present as impurities.
The sources of non-intentional presence of phthalates in the PET bottles vary according
to the type of PET polymer used in bottling, whether it is virgin PET resin or recycled
PET. For the virgin PET, impurities from raw material and contaminants that possibly
enter during the manufacturing process of the bottle itself could be the sources of nonintentional presence of phthalates.

While for the recycled PET, phthalates could

originate from the use of PET containers previously filled with non-food products that
possibly contain phthalates in their formulation, such as cosmetics and personal hygiene
products, which may result in these phthalates being retained on the bottle walls. In
addition, incomplete sorting and separation during the recycling process that may result
in the inclusion of other types of plasticized polymers, such as PVC, along with the PET
plastic as well as ineffective washing are potential sources of the non-intentional
presence of phthalates in PET. The wide use of phthalates in various industries and
their ubiquitous presence as environmental contaminants can cause their non-intentional
addition in many products, including PET polymer and plastic bottles.
The observed increase in phthalates concentrations in this study after outdoor and room
temperature storage is in good agreement with several previous reports that analyzed
phthalates under the same conditions. Jeddi et al. (2015) showed that phthalates levels
were increased in PET bottled water after being stored at different temperature
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conditions with the highest migration rate observed for samples stored at 40 °C for 45
days. In the study by Casajuana and Lacorte (2003), the concentration of phthalates
increased 20 times in the bottled water samples after being stored outdoor for 10 weeks.
Guart et al. (2014) showed an increase in the phthalates detection frequency with a
small variation in the concentrations detected after one-year storage of PET bottled
water at room temperature. Biscardi et al. (2003) reported the detection of DEHP in
PET-bottled water samples after 9 months of storage at room temperature.
Jeddi et al. (2015) also examined the levels of phthalates in the samples after being
exposed to freezing and refrigeration. In line with our findings, Jeddi et al. (2015)
reported a slight increase in phthalates concentrations after low temperature storage.
Amiridou and Voutsa (2011), however, did not observe significant changes in phthalate
concentrations in PET bottled water samples after being exposed to outdoor storage
conditions for 15 and 30 days. Al-Saleh et al. (2011) reported higher concentrations of
DEHP, BBP and DEP in samples stored at 4 °C relative to samples stored outdoors and
at room temperature, while the concentration of DBP was shown to be higher in that
study in room storage relative to storage at 4°C.
The variations in the concentrations of phthalates among different studies might be due
to the difference in the quality of PET bottles as well as the difference in the used
technology for PET bottles production. Both virgin and recycled PET are allowed to be
used in food packaging application (EFSA, 2011). The quality of virgin PET resin is
related to the purity and grade of raw materials, reliability of raw material suppliers, as
well as the processing steps and conditions employed in PET resins and hence bottles
manufacturing. While for recycled PET, its quality is closely linked with the efficiency
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of washing, sorting, reprocessing and recycling process as well as the previous use of
recycled PET.

Implication for human exposure
The measured concentrations of phthalates were used to estimate the exposure of
toddlers and adults through PET bottled water consumption in Cairo, Egypt. Toddlers
are generally at a higher risk of hazardous chemicals exposure in compare to adults.
This is due to their higher food and drink consumption per kg of body weight. The
maximum concentrations of DBP and DEHP obtained throughout the study were used
in the calculation of the estimated daily intake representing the worst-case scenario of
exposure. The estimated daily intake of phthalates through bottled water consumption
was calculated using the following equation (Schecter et al., 2013; De Fátima Pocas and
Hogg, 2007)
EDI= MC × Water consumption
Where EDI is the estimated daily intake through drinking water in µg (kg body weight)1

day-1 and MC is the maximum concentration levels of DBP, DEHP and DEP in µg l-1

determined in the PET bottled water samples under various storage conditions. The
daily water consumption was calculated based on the body weight and the dietary
reference values for water. We assumed an average body weight of 70 kg for adults and
12 kg for toddler (EFSA, 2012) and used 2 liters day-1 and 1.5 liters day-1 as the dietary
reference values for water consumption for adults and toddlers, respectively (EFSA,
2010). The contribution of the daily intake of phthalates through bottled water was
estimated as follows:
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Contribution through drinking water= (EDI/TDI) × 100.
Where TDI is the tolerable daily intake in µg (kg body weight)-1 day-1 as established by
the European Food Safety Agency (EFSA) for different phthalates (EFSA, 2005 a-e).
The values of the estimated daily intake of the adults and toddlers to DBP and DEHP
from the Egyptian PET bottled water consumptions are presented in Table 4.7
Table 4.7: Estimation of exposure to phthalates in bottled waters for adults and toddlers
Toddlers

DBP

DEHP

Detected maximum concentration (µg l-1)

0.55

0.62

EDI for toddlers (µg (kg body weight)-1 day-1)

0.07

0.08

---

6.00

TDI (µg (kg body weight)-1 day-1)

10.00

50.00

Contribution through bottled water consumption %

0.72

0.16

MCL (µg l-1(set by FDA)

Adults
DBP

DEHP

Detected maximum concentration (µg l-1)

0.55

0.62

EDI for adults (µg (kg body weight)-1 day-1)

0.02

0.02

---

6.00

TDI (µg (kg body weight)-1 day-1)

10.00

50.00

Contribution through bottled water consumption %

0.16

0.04

MCL (µg l-1) (set by FDA)
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Table 4.7 shows the estimated daily intake for toddlers being higher compared to those
of adults. This indicates that toddlers might be at a higher risk for phthalates exposure.
However, the DBP and DEHP estimated daily intakes for both adults and toddlers in
bottled water samples were far below their respective TDI values and therefore there
should be no adverse health effects even at the maximum concentrations of these
chemicals as reported in our study. The contribution of water to phthalates daily intakes
did not exceed 0.16 % and 0.72 % of the TDI values for DBP while these values were
0.04% and 0.16% for DEHP in adults and toddlers, respectively.
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Chapter 4: Conclusion
Our study investigated the possible migration of phthalates from PET plastic bottles into
the water that is stored at different storage conditions. Three types of phthalates were
observed at sub ppb levels. DEHP was the highest detected phthalate followed by DBP.
DEP was also detected but at significantly lower concentration levels. This result can
be explained by the extensive use of DEHP along with DBP in the manufacturing
industry and their ubiquitous presence as environmental contaminants. The
concentrations of phthalates were shown to increase after being exposed to the various
storage conditions examined in our study, which were outdoor, room temperature and
4°C storage. The highest concentrations of phthalates were recorded after 4 months
storage in both outdoor and 4°C storage conditions and after 6 months in room
temperature storage conditions. We can conclude from our results that storage times as
well as the temperatures correlate with increasing phthalate levels, which strongly
suggest migration of phthalates from the PET bottles as a cause. The smallest increase
in phthalates concentrations was observed in the samples stored at 4°C indicating that
this is an optimal condition bottled water storage in terms of phthalates migration.
Throughout the study, the concentrations of detected phthalates were found to be
significantly below the maximum levels established by FDA for bottled water and EPA
for drinking water. Accordingly, we can conclude that the locally manufactured PET
bottled waters are safe and compliant with global regulations. The estimated daily
intakes of DBP and DEHP for both adults and toddlers from bottled water samples were
much lower than respective tolerable daily intake levels established by EFSA and thus
no adverse health effects are likely even at the maximum concentrations determined
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here. We have analyzed only one brand of carbonated water at several storage
conditions in this study and there was no statistical difference observed in the
concentrations of phthalates between carbonated and non-carbonated water samples.
This preliminary result suggests that there is no difference in phthalates occurrence and
behavior in carbonated water and soft drinks relative to bottled water.
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