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Abstract Phthalates or esters of phthalic acid are commonly known for their extensive use as plasticizers to
promote the mechanical properties of industrial plastics such as malleability, strength, softness and temperature
tolerance. Since phthalates are not chemically attached to the polymers, they can freely migrate from food packages
and bottles into fatty food and drinks. Phthalates are proven in several toxicological studies to be of adverse impacts
on human health such as respiratory disorders, cardiovascular diseases, neurological problems, birth defects,
disruption of endocrine system and different types of cancer. Camel milk is uniquely rich in fats and proteins which
may interfere in the analysis of phthalates; thus, a sample preparation step is needed. Therefore, liquid-liquid
extraction was performed. An analytical method using gas chromatography coupled with tandem mass spectrometry
(GC-MS/MS) was developed for determinations of three phthalate esters (dimethyl phthalate (DMP), diethyl
phthalate (DEP), dibutyl phthalate (DBP)) in bottled camel milk samples obtained from the local markets in the
UAE. Multiple reaction monitoring (MRM) mode was used for mass spectrometry detection on positive chemical
ionization (PCI). Calibration curves with very good linearity were obtained for each of the three phthalates after
spiking the extracted milk samples with standard concentrations of the three phthalates mixture. The analyzed milk
sample was found to contain 57.6 mg.L™ of DBP, 0.41 mg.L™" of DMP and 0.25 mg.L™ of DEP.
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1. Introduction

Phthalates or phthalic acid esters are a group of
chemical compounds excessively used as plasticizers to
enhance the mechanical properties of many plastic
products like their flexibility, temperature tolerance and
durability [1,2]. Since phthalates are almost in every
plastic product, humans are exposed to them through
several pathways such as food, water, pharmaceuticals,
cosmetic products, etc., but the main source of exposure
for humans is food due to the use of phthalates as
plasticizers at the stage of packaging and food processing
[3,4,5,6,7].

The problem of phthalates is that they can easily
migrate from the plastic skeleton of the food package into
inside the food or the drink due to the fact that they are
physically and not chemically bound to the plastic
polymer [8]. Factors like storage conditions, temperature,
contact time and lipid content of the food can even
facilitate or accelerate this migration [8]. Phthalates were
classified as endocrine disrupting chemicals which means

that they can alter normal hormonal levels leading
ultimately to severe health impacts [9,10]. Many studies
have associated phthalates with many health issues such as
cardiovascular diseases, some types of cancer, diabetes,
infertility and delayed neurological development in
children [11,12]. As a result, regulations on the exposure
limits and the industrial use have been set on many
countries around the world, for example in Japan
diisononyl phthalate (DiNP) and diethyl hexyl phthalate
(DEHP) are banned in kids toys industry and in food-
contacting gloves [13]. Similarly, in Europe, dibutyl
phthalate (DBP), and benzyl butyl phthalate (BBP) in
addition to DEHP are prohibited in all plastic materials
that may reach children [14].

In literature, many research studies were conducted for
the evaluation of phthalates in different materials such as
bottled water [15], bottled oils [16], cosmetic products
[17], Kkids toys [18] and dairy products [19]. Different
techniques were employed for the sensitive detection of
phthalates such as gas chromatography mass spectrometry
(GC-MS) [20,21], liquid chromatography mass spectrometry
(LC-MS) [22,23] and capillary electrophoresis (CE)
[24,25].
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Among the investigated food samples, milk and milk
products are of great importance due to their regular
consumption by humans as a rich source of nutrients.
Camel milk is believed to have a significant nutritional
value that’s even superior to the nutritional value of other
types of milk [26]. Camel milk has a unique composition
of proteins that makes it considered the most similar to
that of the human’s milk and the best alternative for babies
if mother’s milk is limited [26,27]. Camel milk is very
rich in many minerals such as calcium potassium and iron
and in a variety of vitamins such as vitamin A, vitamin C,
vitamin E and vitamin B family [26,27,28,29]. Camel
milk is also shown to have low percentage of the
unhealthy (saturated) fats and at the same time high
content of the healthy (unsaturated) fats [26,30]. Camel
milk was revealed to have a promising potential to be used
as in the therapy for many diseases such as diabetes [31],
some types of cancer [32,33] and autism [34].

For the best of our knowledge, most of the available
studies for determination of phthalates in milk were
focusing on bovine milk (i.e. cows, buffaloes, goats and
sheep) and breast milk, but only one study was found to
investigate phthalates in samples of camel milk by liquid
chromatography mass spectrometry [35].

From this point, and since camel milk is of an integral
value in the United Arab Emirates and the gulf area due to
its outstanding health benefits and its connection to the
traditions and history of the area, the aim of this study was
to investigate the levels of phthalates contamination in
camel milk samples collected from the local markets in
the UAE using gas chromatography coupled with mass
spectrometry (GC-MS). This method could be applied as a
fourth year undergraduate experiment, offering hands-on
experience in gas chromatography and tandem mass
spectrometry detection.

2. Experimental

2.1. Chemicals and Reagents

Analytical standards of dimethyl phthalate (DMP),
diethyl phthalate (DEP) and dibutyl phthalate (DBP),
in addition to, HPLC-grade solvents such as methanol,
ethyl acetate, acetonitrile, and acetic acid were purchased

2.2. Instrumentation

Instrumental analysis was carried out on Agilent 7890
Gas chromatograph coupled with 7000E Triple Quadruple
mass spectrometer equipped with an auto-sampler
(Agilent, Santa Clara, California, U.S.)

2.3. Preparation of Standard Solutions

10.0 mg.L™" standard solution of each type of the
investigated phthalates (DBP, DMP, DEP) was prepared
in methanol and stored at 4°C to be used for qualitative
analysis and retention time determination by gas
chromatography.

A mixture of 1.0 mg.L™ stock solution containing the 3
phthalates was prepared in methanol and stored at 4°C.
Different volumes of the prepared 1 mg.L™ mixture
solution were added to five vials (0, 0.2, 0.4, 0.6 and
0.8 mL of milk extract was added to each vial, then
methanol was added to each vial to obtain a final volume
of 1 ml to apply standard addition method for calibration.

2.4. Setting GC/MS Method

GC-MS method used in the cited study was followed
for setting our parameters of GC-MS analysis [36].
Table 1 summarizes GC-MS conditions.

2.5. Sample Extraction

For complex matrices like milk, extraction of analytes
is a challenging step due to the presence of proteins, vitamins,
lipids, and other molecules that may interfere with
analysis. Camel milk in particular is believed to be more
challenging due to its unique fat and protein composition.
In this study liquid-liquid extraction procedures were
followed using different solvents to maximize phthalates
extraction and remove other contaminants. Bottled camel
milk samples were purchased from a local supermarket of
Al-Ain City at United Arab Emirates, and stored at 4°C
until used in this study. A 15 mL sample of camel milk
was mixed with different extraction mixtures as listed in
Table 2. Mixture solution was allowed to vortex for 3 min
to ensure well mixing and then centrifuged for 30 min at
3500 rpm. An aliquot of the supernatant was decanted out

from Sigma-Aldrich (St Louis, MO 63103 United and filtered through Millex 0.45 um PTFE syringe filters
States). from Merck Millipore (Carrigtwohill, Ireland).
Table 1. GC-MS conditions
GC conditions Mass spectrometer conditions

Agilent J&W GC, DB-5MS Ul capillary column, 30.00 m x Chemical ionization
Column 0.25 mm x 0.25 pm lon source (Positive mode)
Inlet temperature | 280°C Cl reagent gas Methane
Injection volume 2 uL Filament Delay 4 min
Carrier gas flow Helium at 1.0 mL/min Source Temperature 220°C
Injection mode Splitless, Pulse injection at 30 psi for 0.6 min Transfer Line Temperature | 280°C

50°C for 2 min, to 280°C at 30°C /min, to 310°C at o
Oven program 15°C /min and hold for 3.33 min, for a total run time of 15 min MS 1 Quad Temperature 150°C
Solvent Methanol MS 2 Quad Temperature 150°C
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Table 2. Composition of extraction mixtures

Extraction A Extraction B Extraction C Extraction D
Volume of camel milk sample (mL) 15 15 15 15
Acetonitrile (mL) 15 15 - 10
Ethyl acetate (mL) 15 - - 10
Methanol (mL) - 15 15 10
Acetic acid (mL) 0.6 0.6 0.6 0.6
Tert-butyl methyl ether (mL) 15

3. Results and Discussion

For performing qualitative and quantitative analysis of
the three investigated phthalates (DMP, DBP, DEP) in
milk samples, GC-MS analysis was conducted for the
three types of phthalates at the optimized conditions to
obtain the retention time for each compound and the mass
spectrum with the characteristic product ions. Three
different modes of GC-MS were applied: full scan mode,
product ion scan mode and multiple reaction monitoring
(MRM) mode. Full scan mode was used first for
qualitative detection to test whether the investigated
phthalates will be detected or not under the conditions set

analysis for each phthalate. Under the applied conditions
of GC-MS, DMP was found to appear at retention time of
7.743 min while DEP and DBP at 8.316 and 9.678,
respectively. From these results, it was observed that
retention time increases as the alkyl group elongates and
molar mass increases. This trend agrees with the increase
in boiling point for the three phthalates (DMP, DEP and
DBP) which is 283°C, 296°C, and 340°C, respectively.
Figure 1 shows the results of GC-MS analysis obtained on
MRM mode for 10 mg.L™ concentration of DBP as an
example. High intensity peaks up to 10° were obtained.

Table 3. MRM parameters as optimized from product ion scan
analysis

for analysis as described in experimental section. In this Sl | REteNtion time MIZ of the o
mode, mass range of 50 to 500 Da was scanned since the alate (minutes) product ions otlision energy
molar mass of the three phthalates under study lie within 77 20
this range, and then the exact mass of the analyte was o1 15
extracted from the obtained total ion chromatogram. 133 20
Product ion scan mode was operated afterwards to DMP 7.743 1 "
optimize collision energies. In product ion scan mode,
product ions of each analyte precursor ion were scanned in 163 15
the range of m/z 50 to 500 Da using collision energies of 5, 57 20
10, 15 and 20 eV. Table 3 summarizes the data obtained DBP 9.678 149 20
from product ion scan mode which were essential to 205 5
optimize parameters for MRM analysis. 129 15
Multiple reaction mentoring (MRM) mode of analysis DEP 8.316 177 0
was applied for maximum sensitivity and selectivity
2102 |+CI1 TIC MEM ClID&E™ (™ - =) 220908 _MRM_10ppm_DEF.D 'I:E.}
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Figure 1. (a) Total ion chromatogram of 10 ppm DBP standard solution obtained on MRM mode, (b) positive chemical ionization mass spectrum of

DBP (MWt = 278.34 g/mol)
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Figure 2. Peak area of each investigated phthalate obtained by different extraction methods

All the previous analyses were conducted in methanol
solution to find retention time and test efficiency of the
applied method. For quantitative analysis, we used
standard addition method for calibration and elimination
of matrix effect, where we spike the extracted camel milk
with different standard volumes of the three phthalates
under study. In order to do so, extraction steps were
required first to remove other compounds that may
interfere  with analysis. Liquid-liquid extraction was
applied, and different solvents were investigated for best
extraction efficiency as described in experimental section.
Results shown in Figure 2 show the measured peak area of

300

250 y=245.4x + 42.40
R%=0.991

each phthalate for each extraction procedure. Extraction C
has shown to give the highest peak areas for the
three phthalates. Therefore it was selected for extraction
in all analysis procedures. The highest efficiency of this
extraction method can be attributed to the presence
of a polar solvent which is methanol that increases the
polarity of the solution leading to minimal co-extraction
of lipids and fats, at the same time the presence of
tert-butyl methyl ether which is the least polar solvent
among all used solvents that may have helped in
maximizing the extraction of phthalates due to their
non-polar nature.
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Figure 3. Standard addition calibration curve for DBP
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Figure 4. Peak area obtained for each spiked standard volume of DBP
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Figure 5. (a) reference GC chromatogram of 1ppm mixture of the three phthalates, (b) Obtained GC chromatogram for the analyzed camel milk sample

Calibration curves were generated by the standard
addition method where milk extract was spiked by
different volumes of 1 ppm of the three phthalates mixture
(0, 0.2, 0.4, 0.6 and 0.8 ml). Standard addition Calibration
curve for DBP is shown in Figure 3 with regression
coefficient of 0.9917 which indicates good linearity.

Figure 4 summarizes the peak areas of DBP at each
standard volume as an example for calibration process.

Figure 5 shows the obtained results of the sample
compared to the reference total ion chromatogram of
1 ppm mixture of the three phthalates in methanol solution.
DMP, DEP and DBP were all detected in the camel milk
sample. Using the following standard addition calibration
equation:

— bCS
my,

X

where: C, = sample concentration, V, = Sample volume,
C, = concentration of the standard, m = the slope and
b = y-intercept of the calibration curve, concentration of
each phthalate was calculated and DBP was found to be
present in 57.6 ppb, while the concentrations of DMP and
DEP were 0.41 and 0.25 ppb, respectively. The European
Union has set Specific Migration Limits (SMLs) which
are defined as the maximum allowed concentration of a
certain substance migrated or released from a food contact
material (FCM) into food [37]. For phthalates, the
European Union SMLs are 0.3 mg/kg for DBP, 30.0
mg/kg for benzyl butyl phthalate (BBP) and 1.5 mg/kg fs
for DEHP [38]. Other types of phthalates yet don’t have
an individual SML. So, comparing the sample content of

phthalates with these limits shows that concentrations of
phthalates in the analyzed milk sample are far below the
allowed limits.

4. Conclusion

In this study, GC-MS/MS analytical method was
applied for determination of three types of phthalates in
camel milk samples obtained from the local market in the
UAE. Liquid-liquid extraction was used as a concentration
and isolation step of the phthalates using a mixture of
(methanol: tert-butyl methyl ether: acetic acid) at a ratio of
(49:49:2) %, respectively. Standard addition calibration
method has been utilized to determine the levels of the
three phthalates in the camel milk samples. They were
found in very low concentrations of 57.6 mg.L™ of DBP,
0.41 mg.L™" of DMP and 0.25 mg.L™ of DEP.
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