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Abstract

This study considers identification and determination of phthalates esters in cosmetic samples. The dispersive
solid phase extraction was used for extraction of analytes prior to high performance liquid chromatography
analysis. The solid sorbent for extraction was polyethylene glycol grafted on cupric oxide nanoparticles (PEG-g-
CuO-NPs). This sorbent was first synthesized and characterized by scanning electron microscopy (SEM), Energy-
dispersive X-ray (EDX) and fourier-transform infrared spectroscopy (FT-IR) then efficiently applied for
extraction of analytes. The extraction conditions like amount of sorbent, kind and volume of desorption solvent,
extraction and desorption time, and pH of sample solution were optimized. The validation of method carried out
under optimum conditions. Linear ranges were 0.005-4 ugmL-! with the coefficient correlation (R?) in the range of
0.9914-0.9962. The limits of detection (LODs) (3S/N) were 0.0025 to 0.005 pgmL- and acceptable repeatability’s
(RSDs below 6.45%, n=5) obtained. Application of proposed method was investigated by extraction of phthalates

in shampoo and body wash for babies which satisfaction results achieved.

Keywords: Phthalate Esters; HPLC; Baby Shampoo; Body Wash; Polyethylene Glycol Grafted Cupric Oxide
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1. INTRODUCTION

Phthalates or phthalate esters are esters of
phthalic acid. They are used in large variety of
products [1]. They are mainly used as a plasticizer
in order to improve flexibility, transparency,
durability, and longevity of plastics specially
polyvinylchloride (PVC). Phthalates also used in
making wide variety products such as
pharmaceutical pills, gelling agents, building
materials, personal-care  products, medical
devices, food package, toys, detergents and so on
[2-5].

Almost all cosmetics contain phthalates, they
appear in cosmetics in two forms, ingredient or
harmful material. They may be used as solvents
for fragrances to raise scent durability or likely
used as a gelling agent and fragrance aid in the
shampoo or moisturizer in body shampoo or in
other place used as anti-cracking in nail polishes,
and as a softener in hand cream [6, 7]. However,
manufactures of cosmetic products are not in
forced to reveal the ingredient in consumer
product labels. For example, a typical fragrance
may contain several type of phthalates which are
often hidden [8]. Despite the extensive use of
phthalates, its destructive effects are not
considered. Phthalates can damage the liver
(obesity and type Il diabetes) [9-11], kidneys
(kidney cancer) [12], lungs (asthma) [13, 14], and
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reproductive system (male genital birth defects
and male fertility) [15, 16]. Therefore, the
investigation the presence of the phthalates and in
the next step measurement of these analytes will
be important. Of course, extraction of analytes
from the samples before presentation to
instrument is inevitable. Until now, different
extraction methods, liquid or solid phase, were
applied for extraction of phthalates [6, 17-21].
Regarding the disadvantages such as the time
consuming, using toxic organic solvents,
environmental contamination, and fewer number
of organic solvents and therefore less selectivity,
liquid phase extraction is less popular than the
solid phase extraction [22, 23]. The most
important advantage of solid phase extraction is
the possibility of making absorbent proportional
to the analyte, or, in other words, selective
adsorbent. For separation and identification of
phthalates both instruments; HPLC (high
performance liquid chromatography) [24-26] and
GC (gas chromatography) were used. [27, 28].
Most of the methods used GC-MS for the
detection and quantification of the phthalates,
because it is a common method with high
sensitivity and precision.

In this research, polyethylene glycol grafted
flower-like cupric nano oxide (PEG-PEG grafted
CuO-NPs) was used as sorbent for dispersive
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solid phase extraction (d-SPE) of phthalates. This
sorbent based on copper oxide nanoparticles
(flower-like) coated with a polymer of
polyethylene  glycol  [29].  Until  now,
nanoparticles of copper were used for absorption
of phthalates [30, 31]. on the other hand,
hydrocarbon chains of polyethylene glycol on
sorbent by n-m interaction with aromatic rings of
phthalates could help to improve extraction
efficiency of phthalates.

The objective of this research is to consider the
application of PEG-PEG grafted CuO-NPs as a
sorbent in dispersive solid phase extraction of
phthalates and then separation and identification
of analytes by HPLC-diode array detection
(HPLC-DAD) and eventually the method
evaluated for extraction and determination of
phthalates in shampoo and body wash for babies
as real samples.

2. EXPERIMENTAL

2.2.Chemicals, materials and samples

Poly (ethylene glycol) (PEG, MW 6000), sodium
chloride, copper (I1) nitrate (Cu(NOs)z), HPLC-
grade methanol and acetonitrile, Ethanol, 2-
propanol, hydrochloric acid (37%), sodium
hydroxide (NaOH) were obtained from Merck
(Darmstadt, Germany). Ammonium bicarbonate
(NH4HCO3) from SIGMA-ALDRICH St. Louis,
Missouri, United States.

Dimethyl phthalate (DMP), din-butyl phthalate
(DBP), benzyl butyl phthalate (BBP), hexane
were purchased from Aldrich. Sodium chloride
were supplied by Riedel-de-Haén.

Shampoo and body wash for babies were selected
from popular brands used and existed in retail
markets in the country.

2.2. Preparation of standard solutions

Mixed stock solution at concentration 2000 mg L~
! of DMP, DEP, DBP, BBP were prepared by
dissolving the pure phthalate esters in acetonitrile
and stored in 4 °C. Also, preparation of working
standard solutions were performed by dilution
appropriate amount of the stock solution with
distilled water (0.1 pgmL™?). The pH of aqueous
solutions was justified by hydrochloric acid or
sodium hydroxide.

2.3. Apparatus

Separation and determination of phthalates was
performed by HPLC-DAD. The HPLC system
consisted of Agilent 1260 (Santa Clara, CA
95051. United States), Agilent 1260 Infinity Bio-
inert Quaternary Pump, Agilent 1260 Infinity
Bio-inert Manual Injector valve equipped with a
20 pL sample loop, a vacuum degasser, and a
column compartment, coupled to a DAD, A
Zorbax Eclipse XDB C18 column, 150 mm X 4.6

mm, 5 um, at an oven temperature of 30 °C was
used for separation, Agilent 1260 Infinity Diode
Array Detectors DAD and Agilent ChemStation
software. The degassed mobile phase was a
mixture of acetonitrile-pure water (85:15%, v/v)
and the flow rate was 1 mL min~!. The analytes
were detected by DAD at wavelength, 224 nm.
Centrifugation of solutions were carried out in
Sigma 3-30KS centrifuge high speed (Osterode
am Harz, Germany).

The characterization of the synthesized composite
was performed by following instruments: surface
properties of prepared were characterized by SEM
(LEO, VP 1450, Zeiss, Wetzlar, Germany)
equipped with EDX for elemental analysis
(software IDFix, the beam: accelerating voltage:
15 kV, beam current; 700 nA), FT-IR spectra
were recorded on the Thermo-Nicolet AVATAR
370 FT-IR w/SMART Endurance ATR
spectrometer (Thermo Fisher Nicolet, USA) in
the range of 400-4000 cm! in spectral-grade KBr
pellets.

2.4. Preparation of baby shampoo for extraction
0.1 g of shampoo was weighted in vial then, after
adjusted the pH to 6 the volume of solution was
set at 20 mL with doble distilled water.

2.5. Preparation of baby’s body wash for
extraction

0.2 g baby’s body wash was mixed with 1 mL
ethanol; pH of solution was adjusted to 6 and then
diluted to volume of 20 mL with double distilled
water (Gimeno et al. 2012) before performing
dispersive solid phase extraction.

2.6. Synthesis of Polyethylene glyco grafted CuO
nanoparticles

The nanoparticles synthesized based hydro-
thermal method according to previous research
[32]. Briefly, aqueous solutions of
Cu(NOs)2-3H20 (25 mL) and NH4sHCO3; solution
(2.0 mol L) (30 mL)were mixed with vigorous
stirring, a blue precipitate was produced. After
filtering the precipitate, 80 mL PEG solution (5 %
wt.) was added, the mixture was placed in a
stainless autoclave, heated at 170 °C for 24 h,
after cooling, the produced black nanocomposite
washed by ethanol-water for several times to
remove any redundant reagent, and finally dried
at 60 °C overnight.

2.7. Characterization and chemical composition
of PEG-g-CuO-NPs

FT-IR spectrum of CuO nanparticles was shown
in Fig. 1(a). In this figure can be found the peaks
at 431.93 cmt, 498.07 cm?, 528.06 cm?, 603.10
cm? for existence of Cu-O bond stretching and
bending vibrations [33]. After grafting
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polyethylene glycol on nanoparticles (Fig.1(b))
the band appeared in spectrum; 2872.12 cm™ due
to existence of C-H group vibration, band at 3412
cmt correspond to O-H stretching vibration and
CH group presented bands in 1066 cm™ and 1029
cm[34].

Fig. 1 The FT-IR spectra of the CuO nanoparticles (a)
and PEG-g-CuO (b).

The morphology of surface carried out by
scanning electron microscope (SEM) equipped
with EDX analyser (Fig. 2). As can be seen, the
flower-like uniform nano-sized CuO
nanoparticles are shown. They have completely
regular structure filled with fine particles On the
other hand, the SEM image of PEG grafted CuO
NPs showed associating of carbon chain on
copper oxide nanoparticles. By adding PEG on
the surface, the adsorption capacity of the species
enhances and helps to improve the extraction
efficiency. In this way grafting polymers of
polyethylene glycol was confirmed.

Fig. 2 SEM images of CuO nanoparticles (a) and PEG-
g-CuO (b, ¢).

The SEM estimations specify that the flower-like
CuO products were collected of microspheres
with diameters of 0.8-1.2 um. The microspheres
were assembled from small needle-like
nanocrystals with diameters of 20-25 nm. The
diameter of PEG-g- CuO microspheres were 2.5-
4.0 pum.

Chemical composition of these two materials
(CuO nanoparticles and PEG-g-CuO-NPs) was
investigated by elemental analysis (EDS) in Fig.
3. The peaks correspond to Cu, O and C after
grafting PEG on CuO NPs can be seen.
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Fig. 3 Energy-dispersive X-ray'(EDX) spectrum of
CuO and PEG-g-CuO.

2.8. Dispersive solid phase extraction procedure
20 mL of sample aqueous solution (pH 4)
containing analytes in vial was mixed with 40 mg
solid sorbent. The mixture was vigorously stirring
on magnetic stirrer for 15 min, phthalates were
adsorbed on the surface of the nanocomposite. In
the next step, for desorption of analytes, the
mixture was centrifuged at 6000 rpm for 10 min
for isolation of sorbent, the supernatant decanted
and 100 pL acetonitrile was added to the
nanoparticles enriched with analytes, stirring for 4
min and finally 10 pL of acetonitrile (after
centrifugation) injected to HPLC for further
analysis.

2.9. Optimization of d-SPE procedure

Factors affecting the extraction process were
evaluated to find out the best extraction
conditions. Effect of amount of solid sorbent,
kind and volume of desorption sorbent, time of
extraction, desorption time and pH of sample
solution were investigated. For optimization
process the concentration of analytes was 0.5
ppm, each experiment repeated 3 times, and to
calculate the calibration curve each concentration
level repeated 3 times and to calculating LOD
each experiment repeated 5 times.

2.10. Kind of desorption solvent

Kind of desorption solvent should be consistent
with the analytes, and it should simply desorb
them. On the other hand, solvent should have
appropriate polarity for desorbing of analytes.

For this purpose, five kind of solvents
(acetonitrile, methanol, ethanol, 2- propanol,
hexane) were considered (Fig. 4a). The
acetonitrile showed a distinct strength in the
desorption of analytes compared to other solvents.
Acetonitrile is a polar aprotic solvent a medium-
polarity solvent that is miscible with phthalates.
This solvent also suitable for HPLC injection. The
acetonitrile generally has a higher elution strength
than considered solvents. Therefore, acetonitrile
was chosen for this purpose.
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Fig. 4 Desorption solvent effect (a), effect of sorbent
amount (b).

2.11. Effect of PEG-CuO NPs amount

NPs have effective surface, so that low amount of
sorbent will be sufficient for extraction. On the
other hands, synthesis of nanoparticles is time
consuming.

Required amount of sorbent for extraction of
analytes from 20 mL solution was considered in
the range of 5 to 60 mg. As in Fig. 4b showed, the
peak area increased with the addition of the
amount of PEG-CuO NPs. With 40 mg sorbent
provide the most extraction efficiency and
selected for subsequent extraction. Performing the
extraction can be easily done in amounts greater
than 40 mg, but the peak areas will not be much
different. In fact, the extraction efficiency is not
much improved when amount of solid sorbent
varied from 40 mg to 60 mg. We can say, the 40
mg sorbent will be sufficient for adsorbing and
extracting the phthalates from 20 mL aqueous
sample.

2.12. Extraction time effect

The time it takes to extract is very important.
Extraction time was investigated in the range of 5
to 35 minutes. The peak areas were almost the
same at all of these times, although it was 15
minutes, with slightly difference had the most
peak areas than the others. The results were
shown in Fig. 5a. If more time is allocated to
extraction, it may desorb the analytes and
decrease extraction efficiency. During the
extraction time efficient adsorption should be
carried out. By performing extraction in fifteen
minutes the desired result will be provided.

2.13. Effect of desorption time

Desorption time was tested from 2 min to 14 min.
Fig. 5b depicted the results. 4 min was the
optimum desorption time for analytes. By taking
4 minutes to desorb the species, the analytes were
appropriately separated from the sorbent and after

injection to HPLC the high peak areas were
obtained. Desorption of PAEs would achieve
similar results over longer periods of time and the
peak areas would remain almost constant.
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Fig. 5 Extraction time effect (a), desorption time effect

(b).

2.14. Volume of desorption solvent

Volume of desorption solvent has impact on
extraction efficiency. When finding the optimum
volume, two issue should be considered,;
sufficient volume that can desorbed analytes from
the solution and at the same time the
preconcentration factor of extraction does not
change. So that, the volume of acetonitrile was
changed from 100 pL to 1500 pL. 100 pL
provided the best extraction efficiency (Fig. 6a).
100 pL acetonitrile due to high elution power can
desorb analytes from the surface of sorbent and
no further amount of solvent was not required to

apply.

a
ldd444
N | III M ml @l =
b
_ !
il J
i | Il mialn I ..-I

Fig. 6 Effect of desorption solvent volume (a) effect of
sample pH (b).
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2.15. Effect of sample pH

In dispersive solid phase extraction both analytes
and kind of sorbent plays role in finding proper
sample solution. The pH of sample was altered
from 2-12 (acidic to basic) (Fig. 6b). Among
them, by choosing pH on 6 the optimum results
were obtained.

Phthalates are esters and chemical compounds,
which include ester- can be decomposed in
concentrated acids (low pH) or bases (high pH).
Thus, the pH of sample does not have much effect
on the extraction of these compounds, therefore in
many studies on phthalates this factor has not
been investigated.

However, in the case of a solid phase extraction,
the sorbent type and the functional groups on
solid sorbent effect on the extraction efficiency.
Here, our sorbent was polyethylene glycol
grafted- CuO, it means that, there are hydroxyl
groups on the adsorbent surface structure that can
interact with analyte and changes in the pH of the
solution leads to variation of adsorbent surface
charge. So, the semi-acidic or semi-alkalin
condition would be suitable for extraction of
analytes due to the hydrolysis reaction.

This phenomenon can be explained in another
way; phthalate species are not hydrophobe in
highly acidic or highly alkali environments, and it
would not be in favor of extraction and the
extraction efficiency will decrease. In extremely
low pH, phthalates appear as phthalic acid with
high polarity and at high pH, they will be
hydrolysed to phthalate anions. So, when sample
pH was 6 or 8, the extraction efficiency was
maximum. The pH of natural solution of mixed
phthalates is 6, so the pH of sample solution was
set on 6.

2.16. Investigation of sorbent reusability

In order to find out the numbers of recoveries
sorbent, 40 mg sorbent selected and extraction
procedure carried out on them, after performing
d-SPE , again aqueous solution added and the
extraction done again. It was repeated for 10

times. The extraction resultants gathered and
injected to HPLC. RSDs % of results calculated
(9.04%) Therefore, we can conclude that the
adsorbent can be used up to 10 times without
changing the power. After performing 10
experiments by means of just 40 mg solid sorbent,
the extraction efficiency decreased by more than
5% and the repeatability also decreased. Probably
the reason could be that the sorbent amount
during carrying out extraction by washing or the
steps of adsorption and desorption was lost.

2.17. Analytical performance

Analytical performance features of the proposed
method for phthalates were as follows. A series of
phthalates standard calibration solutions were
sampled to measure peak area according to the
optimal experimental conditions. Limits of
detection, linear range, precision (R.S.D.%) and
repeatability were calculated and listed in Table 1.
For conducting the calibration curve, 10
concentration levels for each analyte was
considered. Each level was repeated three times.
To calculate the detection limit, several agqueous
solutions of analytes prepared, extraction
procedure carried out on that solutions, the results
of extraction injected to HPLC, where the peak
heights of analytes are three times of the
background (signal to noise=3), that concentration
called limit of detection. Limit of quantification
were obtained in same way just when signal to
noise was 10.

2.18. Application of method to the real samples
Dispersive solid phase extraction was applied for
extraction of phthalates in shampoo samples.
Firstly, samples were prepared according to the
description given in the the sample preparation
section, then, analysis of real samples has been
performed, as a first step. As shown, the results of
the analyte identification in some samples are
listed in Table 2.

Table 1. Figures of merit of the proposed method in determination of phthalate esters

Analytes Retentiontime Linearrange = RSD% (n=5) LOD LOQ EF R?
(min) pgmL? Concentration pgmL? pgmL?
Levels
(MgmL™)
0.006 0.02 0.2
DMP 1.58 0.005-4 471 443 434 0.002 0.007 26 0.9945
15.21x10*  +4.38x10*
DEP 1.95 0.005-4 3.54 122 5.28 0.002 0.007 38 0.9959
+6.18x10* +5.01x10*
DBP 2.06 0.005-4 541 0.86 175 0.0025 0.0080 52 0.9962
+4.27x10* +6.33x10*
BBP 221 0.005-4 6.45 2.67 2.17 0.0025 0.0080 48 0.9914
+3.31x10* +2.54x10*
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Table 2. Concentration of the studied PAEs in the baby’s shampoo and body wash and their relative recoveries

Sample DMP "‘RR%  DEP RR%  DBP RR% BBP R.R%
(0.19) (Hg+SD%) (Lg+SD%) (Hg+SD%) (Hg+SD%)

shampool  4.00+0.06 11027 *NF - 7.00+ 0.09 86.09  2.00+0.02 93.21
Shampoo 2 0.80+0.02 97.52 NF - NF - NF -
Shampoo3  NF - NF - NF - 2.40+0.06 101.11
Body wash  0.7+0.04 82.68 2+0.05 8236  NF - NF -

1

Bodywash ~ NF - NF - 4+0.05 8741 NF -

2

*R.R %: Relative recovery, *NF: Not found

Since the matrices of the real samples are
complex, the standard addition method was used
to identify the target analytes in the real samples.
In the way that standard addition method was
applied to the samples; different concentrations of
phthalates were added to the same volumetric
flasks which contain same amount of pretreated
shampoo samples. The solutions were diluted to
the mark. Then, after extraction the analytes by d-
SPE, the extracted resultant injected into HPLC.
The amount of phthalates in shampoo samples
were determined by drawing the standard addition
plots. The obtained results are presented in Table
2. The chromatograms of shampoo sample
extraction before addition of standard solution (a)
and after addition of standard (b) are shown in
Fig. 7.

2.19. Comparison of this study with other similar
reported methods for phthalates extraction

Table 3 was provided for comparison the results
of the present study with the other extraction
methods by emphasizing solid phase extraction of
phthalates in different samples. PAEs can be
found in almost all cosmetic and food samples in
plastic container. By referring to this table, the
detection limit of the methods with the mass
spectrometer detector are much lower than other
methods. This results reveal the high sensitivity of
this detector. The same trend followed for the
linear range. For cosmetic samples the analytical
figures have the higher value than food samples,
however in some studies LODs and/or RSDs were
not calculated. The precision of this study was
almost similar to other researches. The sensitivity

of the method for investigating and measuring of
phthalates in sanitary baby samples was adequate
and appropriate. The results of this study were
incoordinate with the results of the previous
studies. See Table 3.
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Fig. 7. Chromatogram of shampoo sample extraction,
before addition of standard (a), after addition standard

(b).

Table 3. Comparison this study with similar researches

Extraction

Linear

Analytes Real Sample method Range 1‘02_1) RSD (%) Ref.
(Instrument) (ugmL1) HE
hair care products
BEAPP deodorants Solid phase
BBP Iot_lons creams extraction by 1-1000 ) ) [35]
DBP nail products Celite on disk
fragrances body (HPLC-UV)
DEHP
washes
DBP Hand cream Solvent 100.00- 0.2 [36]
BBP Lipstick extraction, 5000 ng
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DEHP Nail varnish ultrasonic
DNOP Liquid Foundation extraction and
DINP Eye shadow reflux
DIDP (GC-MS)
gE/IPP Extracted with
DBP Body moisture gel methanol by
&y g ultrasonic 1-1000 0.1ng 0.98-5.31%. [37]
BBP Nailglass
(GC-FID/GC-
DEHP MS)
DOP
DEP Hair sprays
DMP Hair ?noﬁsses Skin solvent extraction
DiBP (GC-MS) - - - [38]
cleansers
DnBP baby shampoos
DEHP y shamp
Antiperspirant
Nail color
Lotion
DMP Hair spray
DEP gel, mousse . .
BBP Deodorant C?I'te mixture LOQ - [39]
with hexane 1-10 pg/g.
DBP Fragrance (HPLC-UV)
DEHP Body wash
Shampoo
Nail polish, color,
enamel
DEP
DPP Solid phase Bn;%ﬂaégg %
DAP Water microextraction 0.001-0.1 0.032- aﬁ q ' intra-  [40]
DBP samples (SPME) 0.451 batch  3.08-
BBP GC-FID 9.73% '
DEHP 970
ol Milk solutions and Thin film 5 Go0s.
DMP drinking water microextraction- 0'25 0.1-0.15 <8.0% [41]
in baby bottle (TFME-GC-MS) '
DEP
gea/g(;z;g_]es beverages
DMP . ’ 0.09-0.28
Magnetic 0.50
DEP Beverages dispersive solid-  plastic and
BBP Plastic bottles h P - P plastic <8.8% [42]
DBP phase extraction bottles bottles
DCHP (HPLC- UV) 0.05:?0.00 0.01-
DMP .
Solid phase
DEP shampoo and body oo vion 00054 2550 <6.45% This study
BBP wash for babies
DBP (HPLC-DAD)

4. CONCLUSION

This study revealed that dispersive solid phase
extraction and HPLC-DAD can be used for
extraction and determination of phthalates in baby
shampoo samples. PEG-g-CuO NPs was used as
solid sorbent in d-SPE extraction. Shampoo
matrixes are different with distilled water
however, PEG-g-CuO had proper durability in
these matrixes. The existence of hydroxyl groups
on PEG could form hydrogen bonds with
phthalates which improved adsorption of analytes
to sorbent and proper extraction of them. This
kind of sorbent was not applied for extraction of

phthalates until now. Besides that, the sanitary
samples (shampoo and body wash) for babies are
not considered as yet despite the fact that they are
very important.

Dispersive solid phase extraction as a new
separation technique has expanded superior
attention in the sample preparation procedure due
to its simplicity, speed and high efficiency.
Different kind of dispersion processes have been
used within this technique to allow a close
interaction between the sorbent and the aqueous
sample solution during the trapping step, but also
between the sorbent and the solvent in the
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desorption step. This dispersion upgrades the
kinetics of both sorption and desorption and so
increases the efficiency of the overall extraction
procedure. Extraction of phthalates in dispersive
solid phase extraction was not carried out in these
kind of samples and we have access to an
efficient way to extract these materials. Therefore,
it can be concluding this simple and rapid method
could be easily used for extraction of phthalates in
other cosmetic products.
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