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Abstract: Packed-nanofiber solid phase extraction (PFSPE) combined with gas chromatography-flame 
ionization detector (GC-FID) was developed for the simultaneous determination of five phthalate esters (PAEs) 
and bisphenol A (BPA) in fruit juice. The PAEs and BPA was concentrated by PFSPE using polystyrene- pyridine 
(PS-PD) nanofibers as the sorbent, followed determined by GC-FID. Under this modified procedure, satisfied 
recoveries in fruit juice sample ranging from 81.9% to 109.6% were obtained. And relative standard deviation 
values (RSD) were ranged from 1.9 % to 9.8% in orange juice sample. The limits of detection (LOD) and the limits 
of quantification (LOQ) of five PAEs and BPA were ranged from 0.02 μg/mL to 0.30 μg/mL and 0.06 μg/L to 1.10 
μg/L, respectively. This established method was successfully applied to detect real fruit juice samples, which were 
collected in local supermarket. These results demonstrated the applicability of the established PFSPE-based 
extraction coupled with gas chromatography method for determination of PAEs and BPA in fruit juice products.    
Keywords: Packed-nanofiber solid phase extraction (PFSPE); Phthalate esters (PAEs); Bisphenol A (BPA); Gas 
chromatography-flame ionization detector (GC-FID); Fruit juice. 

1. Introduction

During the past decades, phthalate esters (PAEs) and bisphenol A (BPA) were widely spread and used as a
plasticizer in global world, which are proved to be great threats to human lives and health even at low 
concentrations [1]. PAEs and BPA were easy stored in the surface water and entered into the food chain, after 
degradation, then moved into the food, such as bottled water and orange juice [1,2]. And as disruptor chemicals 
(EDC) and weak environmental estrogens, a tiny amount of residue could damage to endocrine system of the 
organism [1]. They are also easily be released and migrated from food packages and beverage packaging materials 
to food and beverage [3-5]. 

The most classic extraction methods of PAEs and BPA was soxhlet extraction, but it could only be used in 
laboratory with high energy consumption [6]. Conventional pretreatment methods have been emerged for the 
extraction of PAEs and BPA in sample pretreatment process such as solid-phase extraction (SPE) [7], liquid-liquid 
extraction (LLE) [8], microwave extraction [9] and so on. However, most of them are time consuming, and require 
a large amount of sorbents and organic solvents [10]. Therefore, the above methods were difficult to meet the 
requirements to determination of PAEs and BPA in complex matrix, which makes it urgent to establish a simple 
and sensitive analytical method for monitoring the content of PAEs and BPA in fruit juice.  

Recently, a novel SPE method based on electrospun polymer nanofibers as adsorbent for the preconcentration 
of the target compounds was developed [11]. Owing to the large surface area of the nanofiber, which facilitates 
the attachment of target molecules and the miniaturization of SPE device, the extraction capability of packed-
nanofiber solid-phase extraction (PFSPE) could be efficiently improved. In addition, the amounts of sample and 
the volume of desorption solvent could also be reduced. 

In this study, a modified PFSPE procedure coupled with GC-FID method was established for the enrichment 
and determination of five PAEs and BPA in fruit juice matrix. The eluent and its volume were optimized. The 
performance of established analytical method for the determination of five PAEs and BPA residues in orange juice 
was evaluated. 
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2.Materials and methods. 
 
2.1. Chemicals and materials 

Polystyrene (PS), pyridine (PD) were from Shanghai Chemical Agents Institute (Shanghai, China). GC-grade 
benzyl butyl phathalate (BBP), diethyl-o-phthalate (DEP), dibutyl-o-phthalate (DBP), di (2-ethylhexyl) phathalate 
(DEHP), di-n-octyl phthalate (DNOP), and n-Hexane (HPLC-grade) were obtained from Aladdin reagent 
(Shanghai, China). Bisphenol A (CP) was purchased from Nanjing Chemical Reagent Co., LTD (Nanjing, china), 
and acetone (AR-grade) was purchased from Sinopharm chemical Reagent Co., LTD (Shanghai, China). 
Perchlorate acid (GR) was from Shanghai golden deer chemical Co., LTD (Shanghai, China), methanol (HPLC-
grade) and acetonitrile (ACN) were purchased from Yuwang group (Dezhou, China). Ethanol (HPLC-grade) was 
purchased from Kemiou Chemical Reagent Co (Tianjin, china). Bottled orange juice samples were purchased from 
local supermarkets (Nanjing, China). Standard stocking solutions of PAEs and BPA were prepared in ACN at 100 
µg/mL.  

 
2.2. Sample preparation 

The fruit juice samples were collected from located supermarkets, and stored in carton at 4℃ until analysis. 
The fruit samples centrifuged for 5 min at 10,000 rpm, then the supernate was applied to PFSPE experiment. 

 
2.3. Packed-nanofiber solid phase extraction 

Before use, the polystyrene/pyridine composite (PS/PD) nanofibers should be activated. The columns were 
preconditioned by eluting with 200 µL methanol followed by 400 µL of deionized water. After that, the nanofibers 
were ready for sample pretreatment. Five hundred microliters of sample solution were transferred to the cartridge 
and pushed through the pre-conditioned PS/PD nanofibers by air pressure forced using a gas-tight syringe (10 mL), 
which was fitted to the top of the extraction cartridge. Then 100 µL ACN was loaded onto the extraction column 
and pushed through it again. Finally, 1 µL eluent was analyzed by GC-FID. 

 
2.4. Chromatographic procedures 

A GC-2010 gas chromatograph (Agilent, American) equipped with a GC- flame ionization detector (FID) and 
a split/splitless capillary column injector was used for the analysis. Separation was performed on a HP-5 (30 
cm×0.32 mm i.d. ×0.25μm film thickness) capillary column. Nitrogen (N2) was used as the carrier and makeup 
gas at a flow rate of 2.0 mL/min (constant flow). The column oven temperature program was as follows: increased 
from 100 °C (held for 2 min) to 270 °C with the rate of 15 °C/min and maintained for 5 min. The FID temperature 
was set at 270 °C. The standard solutions and sample extracts (1.0 μL) were injected using the splitless mode at 
an injection temperature of 250 °C. 

 
2.5. Quality assurance and quality control 

Quality assurance and quality control were verified to ensure the correct identification of PAEs and BPA in 
samples. In addition, the PAEs and BPA may exist in every corner laboratory environment. Therefore, the most of 
materials handled during the analytical procedure should be glass-made or plastic-free materials. And the method-
blank sample was investigated, the blank sample run after every batch of 15 samples to control any systematic 
contamination. 

 
2.6. Method validation 

In order to insure the reliability of the established method, which validation parameters including linearity and 
accuracy, as well as limit of detection (LOD), limit of quantification (LOQ), precision of the method. The linearity 
was studied by designing seven concentrations of five PAEs and BPA at 0.01 μg/mL, 0.05μg/mL, 0.1μg/mL, 0.5 
μg/mL, 1.0 μg/mL, 5.0 μg/mL, 10 μg/mL. And the repeatability was verified to intra-day precision and inter-day 
precision (RSD) for continuously five days. For the established method, the LOD and LOQ were determined at 
signal-to-noise (S/N) ratios of 3:1 and 10:1, respectively. The precision of the method was validated by the relative 
standard deviation (RSD) using five parallel group. 

 
3. Results and discussion 
 
3.1 Optimization of eluent  

The eluent plays an important role in PFSPE syetem. In this work, five kinds of solvents were investigated in 
order to elute the analytes from the nanofibers. The Fig.1 demonstrated that the satisfied extraction recoveries and 
RSDs were achieved with ACN. Hence, the ACN was chosen as the optimum desorption solvent for the further 
experiments. 
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Fig.1 Effect of the eluent on the recovery  
 

3.2. Optimization of the volume of the eluent 
To ensure maximum elution efficiency of PAEs and BPA from the PFSPE columns, the volumes of ACN 

ranging from 50 to 150 µL were tested for the optimal desorption of five PAEs and BPA from the whole nanofibers. 
Results shown in Fig. 2 clearly indicated that the extraction efficiency reached the highest point when the volume 
of the eluent was 100 µL, and the recoveries of five PAEs and BPA were almost not changed between 100 and 
150 μL. Therefore, 100 μL of ACN was selected as eluent in next extractions. 

 

 
Fig.2 Effect of the eluent volume 

 
3.3. Analytical method validation 

The linearity of this modified PFSPE-based method for fruit juice was in the range of 0.01 -10 μg/mL. 
Selectivity was identified by injecting blank matrix solvent and spiked sample with five PAEs and BPA into the 
GC chromatograph for FID detection. The typical GC-FID chromatograms in Fig. 3 showed that the five PAEs 
and BPA were well separated and no obvious interfering peaks were observed, suggesting excellent selectivity of 
this method. 

Reproducibility of the established method was studied based on the intra-day and inter-day precision. The intra-
day and inter-day precision was checked by injecting fruit sample spiked with five PAEs and BPA at three different 
concentrations (0.1 µg/mL, 2 µg/mL, 5 µg/mL) under optimum condition in consecutive five days with five groups 
per day. The tests were performed using the same independent preparation. As shown in table.1, good results were 
expressed in terms of relative standard deviations (RSDs) ranging from 1.9 % to 9.8% in fruit juice sample. This 
result demonstrated the good reproducibility of the method and proved the effectiveness of the method for 
quantitative purposes. The LOD (S/N=3.0) and LOQ (S/N=10) of modified PFSPE method for five PAEs and BPA 
were ranged from 0.02 μg/mL to 0.3μg/mL and 0.06 μg/mL to 0.19 μg/mL, respectively. The results demonstrated 
the good sensitivity of the modified PFSPE method for monitoring PAEs and BPA in fruit juice samples. 
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Fig.3 GC-FID chromatograms of 1 μg/mL of five PAEs and BPA standard in methanol (standard solution), fruit 
juice sample pretreated with and without PFSPE. (1) DEP; (2) DBP; (3) BPA; (4) BBP; (5) DEHP; (6) DNOP. 

 
Table 1. Performance of GC-FID/PFSPE method in orange juice samples 

Analytes Linear 
range 
(µg/mL) 

Recovery (±RSD %) n=5, Spiked concentration (µg/mL) LOD 
(µg/mL) 

LOQ 
(µg/mL) Intraday  Interday 

1 5 10  1 5 10   

DEP 0.01-10 90.4 
(2.8) 

88.7 
(3.1) 

83.0 
(2.9)  88.6 

(2.3) 
97.5 
(4.2) 

93.6 
(7.5) 0.02 0.06 

DBP 0.01-10 103.9 
(6.7) 

108.2 
(8.7) 

106.3 
(2.9)  109.6 

(2.9) 
81.9 
(2.9) 

90.3  
(8.6) 0.04 0.13 

BPA 0.01-10 96.0 
(4.9) 

94.0 
(3.9) 

94.7 
(6.6)  107.0 

(3.9) 
88.0 
(2.3) 

89.5 
(3.6) 0.03 0.10 

BBP 0.01-10 94.3 
(4.9) 

96.8 
(4.9) 

97.6 
(2.3)  90.5 

(7.6) 
105.8 
(4.8) 

90.7 
(4.6) 0.06 0.19 

DEHP 0.01-10 89.8 
(3.9) 

89.4 
(4.3) 

101.7 
(1.9)  91.3 

(2.3) 
104.4 
(9.8) 

101.0 
(4.8) 0.30 1.1 

DNOP 0.01-10 106.9 
(4.1) 

91.5 
(2.4) 

108.0 
 (5.1)  86.2 

(2.6) 
115.0 
(6.6) 

103.3 
(7.9) 0.05 0.17 

 
3.4. Application of the developed procedure to real samples 

The practical applicability of this PFSPE/GC-FID method was evaluated with real fruit juice samples under the 
optimized conditions. The chromatograms of the sample and the standard were shown in Fig.3. Without the 
pretreatment by the PFSPE, the response value of five PAEs and BPA could not be detected because of the 
interference of other components in the fruit juice sample. But after pretreatment, the response value of PAEs and 
BPA was obviously increased and the interference was efficaciously weakened. Moreover, the novel method was 
successfully applied to the determination of trace five PAEs and BPA in the sample of three kinds of fruit juice 
samples, the results were shown in the Table. 2. The DEHP and DBP were all detected in fruit juice samples could 
be due to their wide use in packaging material. 
 
4.Conclusion 

 
With the advantage of PFSPE-based extraction system, we established a rapid and convenient method to 

determine five PAEs and BPA in fruit juice samples. All parameters that affecting the extraction efficiency of 
PFSPE-based extraction system for enrichment and determination of PAEs and BPA were optimized. Under the 
optimal conditions, the satisfied recoveries in the range of 81.9% to 109.6% were obtained. This method could 
provide technical support for monitoring PAEs and BPA in fruit juice from the coastal supermarket. The results 
demonstrated the PFSPE/GC-FID method we established was successfully applied to the determination of PAEs 
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and BPA in fruit juice products. 
 

Tab. 2 The presence of PAEs and BPA in three kinds of fruit juice samples by this developed method 
Componds Concentration (µg/mL) 

Sample 1 Sample 2 Sample 3 
DEP 0.029  0.033 
DBP 0.310 0.340 0.290 
BPA    
BBP    
DEHP 0.601 0.502 0.704 
DNOP    
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