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Abstract
Background Acidic juices such as lemon juice, vinegar and Verjuice are popular beverages regularly consumed by both children and
adults. Various brands of different acidic juices in Iran markets are packaged in disposable plastic bottles. Some evidence suggests that
phthalates may immigrate from plastic bottles.
Methods In this research the influence of sunlight, type of container and storage time on the leaching of phthalates from
packaging materials into selected juices was investigated, by analyzing the samples kept in different conditions, before and
throughout 2, 4 and 6 months storage time.
Results The mean phthalate concentrations of the examined samples were determined to be between <LOD and 0.521 μg/L in
verjuice, <LOD and 0.261 μg/L in lemon juice, <LOD and 0.599 μg/L in vinegar. DEP and DEHP showed the highest level of
migration into acidic juices packed in plastic bottles.
Conclusions Results of analyses before and after storage show that some storage conditions can increase the concentrations of
DBP, DEHP andDEP in acidic juices. The results of this study indicate the possible leaching of phthalates from packagesmade of
plastic materials into the contents.
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Background

Plastics are transforming every day; usage is increasing daily
and annual production has increased up to 300 million tons by
2010. It is evident that using plastics packages in food indus-
tries bring many advantages such as reduction of weight and
volume, the ability to be presented in suitable forms due to
desirable transparency, low permeability, high flexibility,
inhibiting gas outflow, and simple transportation [1].
However, concerns about usage and discarding are diverse
and include: accumulation of waste in landfills and in envi-
ronment, the migration of chemicals from plastic products and
the potential for plastics to transfer chemicals to wildlife and
human and their adverse health effects. Virgin plastic poly-
mers are rarely used alone and usually the polymer resins are
mixed with different additives to improve plastic performance.
These additives include some inorganic fillers such as silica
and carbon that reinforce the plastic, plasticizers to render the
material flexibility, ultraviolet and thermal stabilizers, color-
ings and flame retardants [2]. Some additive chemicals are
potentially toxic (for example plasticizers in high density
polyethylene (HDPE) and polyethylene terephthalate (PET)),
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but there is remarkable controversy about the extent to which
additives leached from plastic products (like bisphenol A and
phthalates) have adverse health effects in animal or human
populations [3–6]. Phthalic acid esters (PAEs) are found in
manymass produced products such as food packages and cans
represent a notable content of the plastic. Phthalates can im-
migrate from plastic packages into food or beverages because
they are not chemically bound to the polymer matrix [5, 6],
and they have attracted particular attention because of their
serious side effects on human health. A relationship between
the presences of PAE plasticizers in packaging and contami-
nation of food was hypothesized by Page and Lacroix [7]. In a
study carried out by Casajuana and Lacorte, five PAEs were
considered in retail milk packed in two types of containers –
Tetra pak and high-density polyethylene. Diethyl phthalate
(DEP), Dibutyl phthalate (DBP) and Diethylhexyl phthalate
(DEHP) were the PAEs mainly identified, suggesting the
probable influence of the packaging on PAE levels in milk
[8]. The PAEs’migration process depends on their concentra-
tions in the packaging polymer, on the acidity of content in
contact with packages, on the lipid content and on the time and
temperature of the contact [9]. Verjuice, vinegar, and lemon
juice are among highly consumed acidic juices in Iran.
However, for communities, disposable containers made out
of different materials are available, but in Iran, PET and
HDPE are typically used. Both PET and HDPE should not
contain PAEs as plasticizers; however, the literature shows
that PET can release PAEs [9–11]. Because in some study
Significant amounts of phthalate esters were found in some
kinds of beverage such as lemon juice and vinegar [12, 13],
the goal of this study was evaluating the influence of natural
sunlight irradiation, packaging type and storage time on PAEs
releases from packages into acidic juice which are generally
stored for a long time under the direct sunlight in Iran.

Materials and methods

PET and HDPE bottles were purchased from Iran
Petrochemical Co. (Tehran, Iran). A standard solution of
phthalic acid esters, containing six compounds (diethyl
phthalate (DEP), dimethyl phthalate (DMP), butyl benzyl
phthalate (BBP), di-n-octyl phthalate (DNOP), dibutyl
phthalate (DBP), and bis (2-ethylhexyl) phthalate
(DEHP) at 2.0 mg/mL in n-hexane (purity 99.8%)), was
purchased from Sigma-Aldrich (St. Louis, MO, USA).
The phthalic acid esters calibration and quality control
samples were prepared by serial dilution of the stock solu-
tion in methanol-water (50: 50, v/v). Benzyl benzoate (in-
ternal standard, IS) was added to each sample at a final
concentration of 1 μg/L. A mixture of acetonitrile,
isopropanol and water (40:40:20 v/v) was applied as ex-
traction solution. All the stock and working solutions were

kept at 4 °C, in the dark until analysis. The magnetic multi-
wall carbon nanotube-polydimethylsiloxane nanocompos-
ite (PDMS/MWCNTs-OH) particles were prepared based
on a two-step reaction as explained previously [14].

Preparation of samples

Fresh lemon and sour grape samples were obtained during
harvest period from the main field of vegetables and fruits
in Tehran, Iran. After washing, they were fully dried and
their juice was extracted by using an industrial juicer and
transferred to the laboratory in glass bottles. At the labo-
ratory, the initial concentrations of PAEs in bulk samples
of juices were measured as the zero time (control). Then,
the bulk samples were divided and poured into PET and
HDPE bottles, which had already been purchased, and
then stored according to predefined irradiation and time
conditions. The bulk vinegar sample was also obtained
from a local producer before packaging and initial con-
centrations of phthalate esters were measured and then
packed in PET and HDPE containers, and stored under
preservation conditions. The samples were kept at room
temperature (25 °C) and under natural sun light for 2, 4,
and 6 months. One glass bottle of vinegar, lemon juice
and verjuice was kept as control samples. Measurement
and analysis of the concentration of the compounds of
interest were carried out using Magnetic Solid-Phase
Extraction and gas chromatography with a mass detector.

Extraction and measurement of phthalate esters

Using the stock solutions prepared out of standard solutions of
each of PAEs, calibration curve was plotted at different con-
centrations (0.02, 0.1, 0.5,1 and 5 μg/L) all over the five
compounds (DEP, DBP, DEHP, DnOP and BBP). A solution
of benzyl benzoate with a concentration of 2 ng/μL was used
as the internal standard. After completion of extraction stages,
samples were injected into mass detector gas chromatography
device. All of the stages were replicated three times for every
concentration. A method developed in a previous study was
used for the quantification of phthalate [14]. In order to extract
the compounds of interest, at first, 10 mg magnetic PDMS/
MWCNTs-OH particles were accurately weighed and washed
with methanol and water separately in sequence. Then, the
activated MPs and 1 g NaCl were added to the 10 mL of each
acidic juice sample. The mixture was shaken vigorously by
vortex to extract the analytes for 5.0 min. An external magnet
was applied to gather the magnetic adsorbent to the side of the
vial (within ~80 s). The supernatant was then discarded and
followed by addition of acetone (2 mL) along with 3.0 min of
vigorous shaking to elute phthalates from the adsorbent. Then
the magnetic adsorbent was gathered to the side of the vial
again. The desorption solvent was collected and evaporated
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until dry at 37 °C under gentle stream of nitrogen followed by
reconstitution in 0.1 mLmethanol for the subsequent GC–MS
analysis. Agilent gas chromatograph 6890 plus (Agilent
Technologies, Palo Alto, CA, USA) equipped with a 5973
quadruple mass spectrometer was applied for GC–MS analy-
sis. The gas chromatograph was fitted with an DP-5 ms cap-
illary column (30 m, 0.25 mm i.d., 0.25 μm film thickness)
and the following heating program was used: injector temper-
ature, 290 °C and initial column temperature, 50 °C held for
1 min, 1st Ramp: 30 °C/ min to 280 °C and finally increased to
310 °C at a rate of 15 °C/min held for 4 min. The inlet was
operated in splitless mode. The temperature of the transfer line
was maintained at 310 °C. As carrier gas, helium (99.9999%)
was used at 1 mL/min (constant flow). The mass selective
detector was operated in electron impact (EI) mode, using
selected ion monitoring (SIM).

Quantification of phthalate esters

The linearity of the calibration curves was assessed in the
range of 0.01–10 μg/L. For all the analytes the correlation
coefficients were determined in the range from 0.993 to
0.997. The limits of detection (LODs) were estimated to be
three times of the standard deviation of the baseline noise
(N = 6). The limits of quantification (LOQs) were determined
by the analysis of spiked samples. The lowest concentration of
the analytes on the calibration curves with a precision of less
than 20% coefficient of variation and an accuracy of 80–120%
was considered as LOQ [14]. Based on the results, the LODs

and LOQs of the target analytes were in the range from 0.01 to
0.02 and 0.03 to 0.06 μg/L, respectively.

Statistical analysis

In the present work, we used SPSS (version 22.0) to analyze
the results statistically. Means and standard deviations for the
concentrations of all esters of phthalate (DEP, DBP, DEHP,
DnOP and BBP) in acidic juice samples were reported.
Normality of data of each group was checked by the
Kolmogorov–Smirnov test before performing this statistical
analysis. The nonparametric Kruskal–Wallis H test was used
for comparing concentrations from different storage condi-
tions because the distribution of data was not normal. The
concentrations from the exposure periods were compared
using the Friedman test. The analyses were considered statis-
tically significant when the p value was <0.05.

Data Availability The data will not be shared with a reason.

Results

The mean phthalate concentrations of the examined samples
were determined to be between <LOD and 0.521 μg/L in
verjuice, <LOD and 0.261 μg/L in lemon juice, <LOD and
0.599 μg/L in vinegar. The results of the analyses of the initial
concentrations of PAEs in bulk samples of acidic juices before
storage (exactly after production) proved that the initial DEHP

Table 1 Results of phthalate
levels (mean ± SD) in μg/L from
polymeric bottles into acidic
juices under different storage
conditions

Types of bottles Storage condition Acidic beverage DEP DBP DEHP

HDPE Control Verjuice 0.031 ± 0.011 <LOD 0.042 ± 0.021

Lemon juice <LOD <LOD <LOD

Vinegar 0.215 ± 0.038 0.112 ± 0.023 0.105 ± 0.032

25 °C Verjuice 0.252 ± 0.148 0.142 ± 0.085 0.299 ± 0.182

Lemon juice 0.091 ± 0.051 0.097 ± 0.058 0.121 ± 0.068

Vinegar 0.334 ± 0.081 0.206 ± 0.068 0.395 ± 0.127

Sunlight Verjuice 0.204 ± 0.138 0.139 ± 0.101 0.342 ± 0.216

Lemon juice 0.081 ± 0.058 0.083 ± 0.066 0.165 ± 0.103

Vinegar 0.317 ± 0.087 0.197 ± 0.074 0.441 ± 0.165

PET Control Verjuice 0.031 ± 0.011 <LOD 0.042 ± 0.021

Lemon juice <LOD <LOD <LOD

Vinegar 0.215 ± 0.038 0.112 ± 0.023 0.105 ± 0.032

25 °C Verjuice 0.305 ± 0.183 0.135 ± 0.081 0.158 ± 0.092

Lemon juice 0.127 ± 0.071 0.108 ± 0.065 0.105 ± 0.061

Vinegar 0.403 ± 0.125 0.211 ± 0.071 0.351 ± 0.092

Sunlight Verjuice 0.287 ± 0.182 0.129 ± 0.091 0.212 ± 0.130

Lemon juice 0.095 ± 0.071 0.081 ± 0.056 0.120 ± 0.070

Vinegar 0.382 ± 0.132 0.201 ± 0.079 0.387 ± 0.120

LOD Limit of detection
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and DEP levels were very low, although detectable levels of
DBP was found in none of the samples prior to storage
(Table 1). The effect of time duration (2, 4 and 6 months) at
different storage conditions on the phthalate concentrations
(μg/L) for each phthalate is shown in Figs. 1, 2 and 3.
However, as shown in the figures, the migration of these com-
pounds in different kind of polymeric-bottled after 2 months
storage under the examined conditions was in the order DEHP
> DEP >DBP and DEP >DEHP >DBP in HDPE and PET
containers respectively. Therefore, DBP migration was the
lowest in both kinds of bottles.

Discussion

As shown in Table 1, phthalates presence in vinegar exact-
ly after production in the factory can be accused to usage of
plastic equipment during vinegar production processes.
However, DnOP and BBP were found at detectable levels
in none of the samples before and after storage. The aver-
age pH of vinegar, verjuice and lemon juice in this research

was approximately 2.56, ranging from 2.7 to 2.8, 2.5 to 2.7
and 2.3 to 2.4, respectively. The findings of this study
showed that type of the container, type of acidic juice,
contact time and storage conditions are factors that may
explain the release of PAEs from polymeric containers into
their contents. The effects of various conditions of storage
on the migration of phthalates into acidic juices packed in
polymeric container, regardless of exposure period, are
summarized in Table 1. DEHP and DEP showed the
highest level of migration into acidic juices packed in
PET and HDPE bottles, respectively. The concentration
of DEHP in all samples which were classified by their
storage conditions determined that the rate of migration
increased by increasing of storage time, but some decreas-
ing can be seen in concentrations of DEP and DBP under
natural sunlight irradiation after a significant increasing of
the concentrations after 2 months. The maximum level of
DEHP (0.599 μg/L) was detected in vinegar packed in
HDEP container and kept under sunlight irradiation for
6 months. However, as shown in the figures, the migration
of these compounds in different kind of polymeric-bottled
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Fig. 1 The effect of time duration
(0, 2, 4, and 6 months) at different
storage conditions on DEP
concentration (μg/L) in acidic
juices packed in polymeric bottles
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after 2 months storage under the examined conditions was
in the order DEHP > DEP > DBP and DEP > DEHP >DBP
in HDPE and PET bottles respectively. Thus, DBP migra-
tion was the lowest in both kinds of bottles. Besides sun-
light and span of exposure, the type of juices which were
stored in container affected PAEs migration. The statistical
analysis demonstrated a significant difference among the
concentration of all kinds of phthalates in lemon juice with
vinegar and verjuice. The lowest levels of contamination
were found in lemon juice. By comparing the results of
analyses of DEHP, DEP and DBP concentrations in acidic
juices before and after storage, this study concluded that
unsuitable storage conditions may cause a perceptible in-
crease in the concentrations of DEP, DBP specially DEHP
in these kinds of juices. Similar to our results, in the study
accomplished by Yılmaz and et al. (2014), levels of PAEs
in the lemon juice and vinegar samples in PET bottles were
between <LOD and 0.44 μg/L [12]. Higher levels of

phthalates (ND – 140 μg/L) were detected in lemon juice
and vinegar samples in plastic containers by Farajzadeh
and Khoshmaram [13]. Samples of previous studies [12,
13] were provided from public market or initial levels of
phthalates were may not be measured before storage; thus,
previous improper storage condition and exposure of these
samples with environmental factors (e.g., duration of stor-
age, sunlight, etc.) from production up to consuming
should not be excluded. Hence, the particular effect of each
storage condition on phthalate migration could not be seen.
Because of the above-mentioned points, it is unsure to
represent the reason behind the presence of phthalates in
the juices; as the result, in this study, the increase observed
in phthalate concentrations was related to leaching from
the polymeric matters in different conditions of storage.
Concentration of DEHP in all samples categorized by their
storage conditions showed that the rate of migration in-
creased by increasing of storage time, but some decreasing
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Fig. 2 The effect of time duration
(0, 2, 4, and 6 months) at different
storage conditions on DEHP
concentration (μg/L) in acidic
juices packed in polymeric bottles

J Environ Health Sci Engineer (2018) 16:27–33 31



can be seen in concentrations of DEP and DBP under sun-
light after increasing of the concentrations after 2 months.
These results are similar to the results of the abiotic degra-
dation tests of the phthalates which were directed by
Lertsirisopon and et al. [15]. The phthalates concentrations
in the acidic solution were affected by hydrolysis and pho-
tolysis. Degradation of all the phthalates proceeded slowly,
but the rate of degradation was increased under sunlight
irradiation. Lau et al. (2005) revealed that the rates of
DEP and DBP degradation (hydrolysis and photolysis)
were high at both the highest pH value (pH = 10) and low-
est pH (pH = 3) [16]. DEP and DBP were degraded by
hydrolysis and photolysis more than 20% under acidic con-
dition and sunlight irradiation. However, hydrolysis and
photolysis was not effective for DEHP at acidic/alkaline
pH and degradation of DEHP was negligible at the same
condition.

Conclusions

In this study, two terms of common consumption of acidic
juices in polymeric bottles were inquired to evaluate the re-
lease of phthalates in to juices. This research has established
that the amount of PAEs found in bottled juices due to the type
of the bottle, the period of storage (the time of contact with
packaging materials) and sunlight irradiation. DEP, DBP and
DEHP are observed in all of the samples, but, in all conditions,
phthalates migration were not considerable and all tested sam-
ples had levels of DEHP below 6 μg/L, the maximum con-
taminant level in drinking water established by the US
Environmental Protection Agency [17]. Hence, the original
conclusion of this study is that bottled acidic juices do not
represent a main ingestion source of phthalate esters for con-
sumers, and the levels of observed PAEs in these kinds of
juices are not a matter of concern from the viewpoint of ad-
verse health effects.
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