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Determination of phthalate esters in fat-containing foods
by packed nanofiber solid-phase extraction column
and gas chromatography
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Abstract: A new method for simultaneous determination of
four phthalate esters ( PAEs) in commercial fat-containing
foods was developed by the combination of a packed
nanofibers column based on solid-phase extraction with gas
chromatography-flame ( GC-FID ).
Conditions for obtaining optimum extraction efficiency such as
extraction solvents, morphologies of adsorbent, ion strength
and pH were investigated and optimized in detail. Under the
optimized conditions, the limits of detection (LODs) found
for dibutyl phthalate (DBP), butyl benzyl phthalate (BBP),
diethyl hexyl phthalate ( DEHP ) and di-n-octyl phthalate
(DNOP) were 50, 25, 50 and 25 ng/g, respectively. Good
linearity of four PAEs was achieved in the range of 50 to 4 000
ng/g. The proposed method was applied for analyzing
different kinds of fat-containing samples. PAEs in commercial
fat-containing samples can be highly extracted by a packed
solid-phase extraction column of 5 mg polystyrene ( PS)
nanofibers. The satisfactory average recoveries were obtained
in the range of 96. 7% to 102.3% , and the relative standard
deviations (RSDs) below 5% were achieved. The proposed
method reduces the organic solvent consumption, the complex
and tedious procedures for sample pretreatment, and achieves
high sensitivity and reproducibility for the investigated PAEs.
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ionization detector

hthalate esters ( PAEs), also known as phthalate,
P are a group of important organic compounds that are
widely used as plasticisers and solvents in commercial,
medical and personal care products''’. They may migrate
from plastic to the external environment during use,
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which causes contamination of food, water, air and soil.
PAEs are generally believed to have no obvious acute and
chronic toxicity. However, as a kind of endocrine disrup-
ting hormone, it has been monitored closely by many
countries in the world. Apart from these, PAEs can dam-
age human’s reproductive systems via food, air and the
skin'*’.

Several methods of detecting PAEs in food have been
developed, with the common analytical methods inclu-
ding thin-layer chromatography®', GC-FID'*', and
HPLC-PDA"’. The primary sample pretreatment methods
are included in liquid-liquid extraction'®’ | solid-phase ex-
traction’”’ and solid-phase micro-extraction*""’. The
phthalates have high affinity with an oily environment,
and analyzing these chemicals in fat-containing foods is
difficult because of the trace amount of the analytes and
interference from the matrix. For the complexity of sam-
ple-matrix and the similar physico-chemical characteristics
between PAEs and greases, the purification of oily sam-
ples was difficult, and the national standard method was
very time-consuming and complicated'”’. Thus, in this
work, a packed nanofiber solid-phase extraction ( PF-
SPE) column was prepared to be used in the pretreatment
of fat-containing foods. Through electrospinning polyam-
ide, six nanofiber mats have been successfully used for
the extraction of PAEs in edible oil'”" ™. However, Pos-
si-Pezzali et al. "
packing system consistently allowed higher recoveries
than the disk format, and the difference in the number of
theoretical plates may be due to the different geometries

confirmed that the micro-column

of the devices. Therefore, a polystyrene nanofiber micro-
column system was developed to separate and pre-concen-
trate the trace levels of four PAEs ( DBP, BBP, DEHP,
DNOP) in cookie, chocolate and edible oil samples.

1 Experimental
1.1 Instruments and reagents

The Agilent 7890A gas chromatography with HP-5 cap-
illary column (30 m x0.32 mm x0.25 um) and a flame
ionization detector were used to analyze and separate dif-
ferent components. A high-voltage power supply ( QW-
P403-1AC, Tianjin, China) and a syringe pump were
used for electrospinning. The ultrasonic cleaner (JL-180,
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Shanghai, China ) and pressure blowing concentrator
were obtained from Guohua Instrument Co. , Ltd, China.
Methanol and normal hexane ( HPLC-grade) were pur-
chased from Shandong Yuwang Chemical Co. , Ltd, Chi-
na. A standard mixture of four PAEs consisting of DBP,
BBP, DEHP and DNOP were purchased from Xiyu
Chemical Co. , Ltd, China, and diluted to 1 mg/mL in
normal hexane, stored at 4 C.

1. 2 Preparation of packed nanofiber solid

extraction columns

The polystyrene (PS) was added into a mixed solvent
composed of N, N-dimethylformamide and tetrahydrofu-
ran ( volume ratio 4: 6) and then stirred slowly at room
temperature for 10 h. Then, a 10% ( mass concentra-
tion) solution of polystyrene was prepared. After com-
pletely dissolving, the solution was removed quickly and
put in the syringe with the stainless steel needle connected
with the positive pole of 15 kV high voltage power. The
collection screen connected to the negative power was
placed at a distance of about 20 cm from the stainless
steel needle. The solid-phase extraction column used in
this study was prepared by filling 5 mg PS nanofibers in
the thin bottom of the column (see Fig.1).

l f Gas syringe
! I Column shell

Fig.1 Schematic diagram for PFSPE column

Nanofiber

1.3 Sample extraction procedure

Samples without detectable PAEs were used as blank
samples. The blank sample was prepared as follows:

1) Weighting 0. 5 g of the homogeneous sample and
adding it into a 10 mL volumetric flask.

2) Adding 8 mL methanol and sonicating the mixture
for 10 min, then bringing it to volume by methanol.

3) Pipetting 2 mL of the solution from the volumetric
flask into a 5 mL centrifuge tube and centrifuging it at
1 000 r/min for 5 min, then separating the supernatant
into another tube.

4) Drying the supernatant under nitrogen at 40 C.

5) Adding 3 mL methanol and 3 mL ultrapure water,
blending for 1 min.

6) Adding 150 pL NaCl with a concentration of 1
mol/L, and then mixing for 1 min.

The packed SPE column shown in Fig. 1 was activated
by 100 pL methanol and 200 pL water, respectively.
The sample solution was loaded and eluted through the
column by the pressure of air from a gas tight plastic syr-

inge. Then, the target retained on the column was eluted
with 100 wL methanol and the eluate (1 L) was injec-
ted into the GC for determination.

1.4 GC conditions

GC equipment ( Agilent 7890A) consists of a FID de-
tector and a HP-5 capillary column (30 m x0.25 mm x
0.25 wm). The temperature program was as follows:
The initial temperature was held at 150 C for 2 min, in-
creased to 300 C at a rate of 10 C/min, and then held
for 5 min. Nitrogen (99.999% grade) was used as the
carrier gas, and the column flow was 1.0 mL/min. The
injection volume was 1 pwL. The temperatures for injector
and detector were 280 and 300 C, respectively.

2 Results and Discussion

2.1 Material characterization

The morphologies of polystyrene were examined using
a scanning electronic microscope (SEM). The SEM ima-
ges for nanofibers of different dosage ratios are shown in
Fig.2. Two typical morphologies such as bead-on-string
structure and fiber structure can be obtained by adjusting
the solvent-to-polymer concentration. There were grooves
on the nanofiber surface which could increase the specific
surface area, thus, promoting the adsorption capacity for
PAE:s.

2.2 Chromatogram behavior of four PAEs

The established method was applied for the determina-
tion of four PAEs in spiked samples, as shown in Fig. 3.

Our experiment shows that the extraction efficiency of
methanol or normal hexane is better than that of other sol-
vents. Due to high toxicity of normal hexane, methanol
was chosen as the ideal extraction solvent.

2.3 Influence of nanofiber diameter

Generally, the nanofiber diameter mainly depends on
the polymer mass concentration. The nanofibers obtained
with an average diameter of 190, 450, 1 200, and 3 000
nm were used as sorbents. As shown in Fig. 4, the de-
crease of the fiber diameter can obviously facilitate the
improvement of the extraction efficiency. However, de-
creasing the fiber diameter may cause a higher column
pressure. Thus, the 10% solution was chosen for prepar-
ing the nanofibers.

2.4 Effect of salt concentration on BBP

Usually, adding salt to the aqueous samples can de-
crease the solubility of organic compounds in the water
phase, and heighten the partition coefficients of the tar-
gets. The salting-out effect has also been evidently ob-
served in this work. As shown in Fig.5(a), adding 0.05
mol/L NaCl can achieve the maximum extraction effi-
ciency.
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(e)

Fig.2 SEM images for PS nanofiber. (a) 8% PS; (b) 10% PS; (c¢) 15% PS; (d) 25% PS; (e) Grooves on beads of PS nanofiber;
(f) Grooves on PS nanofiber
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Fig.3 GC chromatogram spectrum of four PAEs
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2.5 Effect of pH on BBP

The effect of pH in a range of 1 to 13 on the extraction
of the analytes was examined. As shown in Fig.5(b), a
value of 1 was assigned to the peak area at pH 7. 0 for the
target compound, and the rest of the areas were correlated
to the values, respectively. The optimal pH was finally
determined at pH 5. 0, which was appropriate for ensu-
ring the extraction of the target compounds.
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Fig.5 Influences of factors on the extraction efficiencies. (a)
Salt concentration; (b) pH

2.6 Spiked recoveries

A spiked amount of 1 000 ng/g was added into cookie,
chocolate and oil samples and the results are illustrated in
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Tab. 1. As can be seen, each spiked sample can achieve
acceptable extraction recoveries.

Tab.1 Extraction efficiencies (N =5) %
Extraction efficiencies
Samples
DBP BBP DEHP DNOP
Cookie 72.8 84.9 80.1 69.8
Chocolate 70.5 88.3 85.9 68.1
Oil 79.2 83.4 86.2 70.3

3 Method Validation

3.1 Linearity, limit of detection, recoveries and rel-
ative standard deviation

For the preparation of calibration curves, the standard
mixture of four PAEs was diluted in series at 50 100,
500, 1000, 4 000 ng/g for oil samples. Good linear cor-
relation between the peak area and the concentration (50
to 4 000 ng/g) was described with a correlation coeffi-
cient greater than 0. 999. The detection limits of the
method were determined by successive analyses of sample
extracts with decreasing amounts of PAEs until a 3:1 sig-
nal-to-noise ratio was reached. The results are reported in
Tab. 2.

Tab.2 The results of method validation

Spiked amount/ ) LOD/ Recoveries
Targets 4 R o RSDs/ %
(ng-g”) (ng-g™') (N=5)/%
DBP 100 to 4 000 0.999 0 50 102.3 3.7
BBP 50 to 4 000 0.999 2 25 99.7 4.1
DEHP 100 to 4 000 0.999 0 50 96.7 2.9
DNOP 50 to 4 000 0.999 5 25 98.4 3.4

3.2 Comparison with national standard method

From the flow charts in Fig. 6, while tens of milliliter

0.5 g oily sample

Liquid-liquid extraction with
20 mL petroleum ether solution

{

Wash with 30 mL petroleum
Ether solution three times 05 g oil'ssmple

8 mL methanol for extracting

Reduced pressure distillation |

i the supernatant

Dry under nitrogen

10 mL(volume ratio 1: 1) mixture
solution of ethyl
acetate and n-hexane

GPC for purification

(a) (b)

Fig. 6 The flow chart of determination methods. (a) Method of
the national standard; (b) Method proposed in this paper

Add 3 mL methanol, 3 mL ultrapure
water and 150 p, L, 1 mol/L NaCl

{

PFSPE for extraction
and purification

solvents were used in the national method, the method
presented in this paper needed only several milliliters of
Meanwhile, PAEs detected by the national
standard method were complex and time-consuming with

solvent.

its tedious procedures.

As can be seen from Tab. 3, the detection limit of the
national standard method was thirty times higher than that
of the method proposed in this paper. The broad linear
range and lower values of RSD also indicate that the pro-
posed method is a more convenient and environment
friendly one for detecting the PAEs of oily samples.

Tab.3 Comparison with national standard method

LOD/ Spiked amount/
Method 4 o RSD/ %
(ng-g~) (ng-g~)
National standard 1 500 1 500 to 4 000 2.9t04.1
This paper 25 to 50 50 to 4 000 30

4 Conclusion

In this paper, the method for pretreatment and determi-
nation of four PAEs( DBP,BBP, DEHP, DNOP) in cook-
ie, chocolate and oil samples based on solid-phase extrac-
tion with GC-FID are presented. Under the optimized
conditions, PAEs in commercial fat-containing samples
can be efficiently extracted by a packed solid-phase ex-
traction column of 5 mg polystyrene ( PS) nanofibers.
Compared with the national standard method, the pro-
posed method has great superiority in aspects such as be-
ing easy and simple to handle, requiring little solvent,
high recoveries, and better reproducibility. The present
results indicate that the method is a convenient and envi-
ronmental friendly technique for analyzing phthalate es-
ters.
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