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b Yildiz Technical University, Faculty of Civil Engineering, Department of Environmental Engineering, 34220 İstanbul, Turkey 
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A B S T R A C T   

A sensitive, accurate and precise methodology was established for the preconcentration and determination of 
bisphenol A in bottled water and wastewater samples at trace levels. A binary solvent liquid phase micro
extraction (BSLPME) method was optimized to extract bisphenol A before determination by gas chromatography- 
mass spectrometry (GC-MS). The type of binary solvent/disperser solvent, vortex period and mode of adding 
extraction and disperser solvent mixture to aqueous solution were determined by univariate optimization. Three 
significant parameters including volume of binary solvent, volume of dispersive solvent and ratio of binary 
solvent were optimized using Box-Behnken Design. Low limit of detection (0.30 ng/g) and limit of quantitation 
(0.99 ng/g) values were recorded for the BSLPME-GC-MS method. Hence, 173 times enhancement in the 
detection limit of the GC-MS system was achieved by the developed microextraction method. Quadrupole isotope 
dilution (ID4) strategy was used to augment the extraction method to achieve high accuracy and precision. When 
the developed BSLPME method was combined with the ID4 strategy, bottled water and wastewater samples 
spiked at approximately 200 ng/g recorded excellent recovery results of 100.3 ± 0.4% and 100.0 ± 0.5%, 
respectively. Therefore, accurate and precise determination of bisphenol A at trace levels was achieved by a low 
cost, rapid and green analytical method.   

1. Introduction 

Plasticizers are organic compounds that are commonly used in the 
manufacturing of plastics and among them, Bisphenol A (BPA) is the 
most reputed, widely used and investigated plasticizer [1,2]. BPA is used 
in the production of leathers, textiles, wood, pharmaceuticals, pesti
cides, epoxy resins, polycarbonates [3–5] and several cosmetic products 
[6]. BPA is a hazardous chemical found in aquatic environments from 
ng/L to μg/L concentrations [7]. There are various sources of BPA 
contamination in environmental water bodies such as plastic degrada
tion, landfill leachate, treatment plants [8], household products, in
dustrial wastes [9] and unprocessed water [10]. Since BPA is one of the 

estrogenic compounds, it has the potential to cause hormonal imbal
ance, abnormal actions, human breast cancer and feminization in some 
animals [11]. Considering all these facts, it is crucial to detect BPA at 
trace levels with high precision and accuracy because of its extensive 
usage areas and negative impacts on living organisms. In the literature, 
chromatographic techniques with appropriate detectors have been 
preferred for the identification and quantification of BPA. Some exam
ples are gas chromatography-mass spectrometry (GC-MS) [12,13] gas 
chromatography-tandem mass spectrometry (GC-MS/MS) [14], liquid 
chromatography mass spectrometry (LC-MS) [13], liquid chromatog
raphy tandem mass spectrometry (LC-MS/MS) [15,16], high perfor
mance liquid chromatography (HPLC) [17,18] and ultra-performance 
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E-mail address: bsezgin@yildiz.edu.tr (S. Bakırdere).  

Contents lists available at ScienceDirect 

Microchemical Journal 

journal homepage: www.elsevier.com/locate/microc 

https://doi.org/10.1016/j.microc.2020.105532 
Received 9 July 2020; Received in revised form 1 August 2020; Accepted 9 September 2020   

mailto:bsezgin@yildiz.edu.tr
www.sciencedirect.com/science/journal/0026265X
https://www.elsevier.com/locate/microc
https://doi.org/10.1016/j.microc.2020.105532
https://doi.org/10.1016/j.microc.2020.105532
https://doi.org/10.1016/j.microc.2020.105532
http://crossmark.crossref.org/dialog/?doi=10.1016/j.microc.2020.105532&domain=pdf


Microchemical Journal 159 (2020) 105532

2

liquid chromatography with fluorescence detection (UPLC-FLD) [19]. 
Liquid phase microextraction (LPME) is a powerful and effective 

sample preparation method for both matrix separation and preconcen
tration of analytes prior to instrumental analysis [20]. There are several 
methods such as switchable solvent liquid phase microextraction 
(SSLPME) [21], hollow fiber-liquid phase microextraction based on deep 
eutectic solvent (DES-HF-LPME) [22], molecularly imprinted solid 
phase extraction (MISPE) [23] and magnetic solid phase extraction 
(MSPE) [24] for extraction and preconcentration of BPA. Among the 
LPME methods, dispersive liquid–liquid microextraction (DLLME) is a 
miniaturized liquid–liquid extraction process [25,26], which has been 
preferred for the determination of both organic and inorganic analytes 
[27]. This is due to its high output, quick procedure, cheapness and 
production of very low hazardous wastes, making it an environmentally 
friendly method [28]. Binary solvent liquid phase microextraction 
(BSLPME) is a modification of the DLLME method, and it is based on the 
combination of two or more extraction solvents. The combination of two 
or more solvents alters the polarity, density and extraction efficiency of 
the individual solvents, leading to an increase in overall extraction ef
ficiency [29]. However, some measurement handicaps can arise during 
instrumental analysis like analyte loss and electrical fluctuations, and 
internal standards are generally used to mitigate these drawbacks [30]. 

Isotope dilution (ID) is a superlative external calibration strategy 
that yields exceptionally accurate and precise results relative to the 
other calibration strategies [31]. The principle of this technique is based 
on adding a certain amount of an isotopically enriched material to a 
sample and measuring the isotope ratios rather than the absolute ana
lyte. Isotope ratios are not influenced by matrix effect, analyte losses, 
interferences or instrumental fluctuations [32]. There are several review 
articles that give detailed accounts of the different isotope dilution 
strategies that can be employed for both organic and inorganic analytes 
[33–36]. Among these isotope dilution strategies, quadrupole isotope 
dilution (ID4) was developed to mitigate measurement errors and un
certainties without accounting for equation parameters such as isotopic 
composition of the sample (rA), isotopic composition of the labelled 
analyte (rB) and the enriched material’s mass fraction (wB) [37]. 
Coupled with GC-MS, the GC-ID4-MS technique can be evaluated as a 
superior analytical measurement strategy for volatile compounds [38]. 

This study was aimed at combining GC-ID4-MS strategy with 
BSLPME in order to maintain high precision and accuracy for the 
determination of BPA at trace levels. Box Behnken Design (BBD) was 
used to optimize variables of experimental parameters, and bottled 
water and wastewater were used as test samples for recovery experi
ments. This is the first study reported on the combination of ID4 and GC- 
MS for the determination of an analyte at trace concentrations with very 
high accuracy and precision. 

2. Materials and methods 

2.1. Chemicals and reagents 

High purity standard of bisphenol A (99.8%) and bisphenol A-d16 
(98.0%) were purchased from Dr. Ehrenstorfer, Germany. Chloroform 
(CHL), 1,2-dichloroethane (DCE), dichloromethane (DCM), carbon tet
rachloride (CTC), ethanol (EtOH), isopropyl alcohol (IPA), acetonitrile 
(ACN) and acetone (ACT) were bought from Merck, Germany. Elga Flex 
3 Water Purification system with 18.2 MΩ.cm resistivity was used to 
supply ultrapure water during all experiments. 

2.2. Gas chromatographic and mass spectrometric conditions 

All instrumental measurements were performed with a hyphenated 
system consisting of an HP 6890 series Agilent gas chromatograph and 
an HP 5973 series Agilent mass spectrometer. The analytical column 
used for BPA elution was (5%-phenyl)-methylpolysiloxane (HP5-MS 
column). For the sample introduction unit, the injection mode, inlet 

temperature and injection volume were fixed as splitless, 280 ◦C and 1.0 
µL, respectively. Helium gas was used to purge the gaseous sample 
through the chromatographic system. The column temperature program 
utilized is summarized in Table 1. In the MS system, source temperature, 
quad temperature and transfer line temperature were 230, 150 and 
280 ◦C, respectively. Qualifier/quantifier ions for bisphenol A and 
bisphenol A-d16 were determined as 213/228 and 224/242, respec
tively [21]. 

2.3. Bottled water and wastewater samples 

In this study, water samples were selected as representative samples 
to validate the developed quadrupole isotope dilution (ID4) method for 
BPA. Different bottled water samples (exposed the sun light) were 
collected from Yıldız Technical University (Davutpaşa Campus) and 
mixed to have a sample pool. Wastewater samples were taken from a 
municipal wastewater treatment plant in ̇Istanbul (Turkey). The samples 
were stored in polyethylene terephthalate bottles at 4.0 ◦C in a 
refrigerator. 

Firstly, blank analyses were performed on the bottled water and 
wastewater samples using the GC-MS system after applying the BSLPME 
method. Detectable BPA concentrations were not found in both samples. 
Thus, two different BPA concentrations (approximately 50 and 200 µg/ 
kg) were spiked to the bottled water and wastewater samples after two 
folds sample dilution with ultrapure water. The spiked sample solutions 
were treated with the BSLPME method and then sent to the GC-MS 
system. 

2.4. Binary solvent liquid phase microextraction (BSLPME) protocol 

A binary solvent mixture consisting of DCM (74.2 µL)/DCE (125.8 
µL) and ACT (1.56 mL) as disperser solvent was injected into 8.0 g 
sample/standard solution, followed by 45 s vortex period to boost an
alyte transfer from the aqueous phase into the binary solvent mixture. 
Then, 2.0 min centrifugation at 3461 g was implemented to facilitate 
phase separation between the aqueous and extraction solvents. The 
settled phase at the bottom of the solution was withdrawn with an 
automatic pipette and injected into the GC-MS system. 

2.5. Preparation of blends for BSLPME-ID4-GC-MS methods 

In this study, sample solution (X), standard solution (Y) and isoto
pically labelled material solution (Z) were prepared in ultrapure water 
by diluting stock solutions of bisphenol A and bisphenol A-d16. All blend 
preparations were gravimetrically performed on an OHAUS PA114C 
analytical balance. Theoretical blend compositions are summarized in 
Table S1 for the BSLPME-ID4-GC-MS systems. Three calibration blends 
(YZ-1, YZ-2, YZ-3) and one sample blend (XZ) were used in this study. 
The exact matching method was applied to the system, and this was 
done to equalize the ryz-2 and rXZ values. Hence, isotopic measurements 
were not affected by the wX value [39]. Total blend masses were fixed to 
8.0 g because the BSLPME method was developed using 8.0 g initial 
sample amount. After the blend preparations given in Table S1 were 
performed, the developed BSLPME method was applied to all blends. 
Experimental sample/calibration blend preparations for bottled water 
and wastewater samples are given in Tables S2 and S3, respectively. 

Table 1 
Temperature program for the GC-MS system [21].  

Initial temperature, ◦C Final Temperature, ◦C Ramp, ◦C/min 

120 220 60 
220 300 30  
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3. Results and discussion 

3.1. Pre-experimental Design optimizations 

Prior to the Box Behnken Design (BBD) experiments, univariate op
timizations were performed to select optimum parameters of the 
BSLPME method. Firstly, the extraction efficiencies of CHL, DCE, DCM 
and CTC were evaluated as single (300 µL) and binary (300 µL, 1:1 v/v) 
extractants as shown in Fig. 1. The two highest signals were obtained for 
DCM solvent and DCM-DCE binary solvent, but the latter was selected 
because the settled phase of the former was very low and difficult to 
collect for instrumental measurement. Selection of a proper disperser 
solvent was done by testing EtOH, IPA, ACN and ACT. Similar peak area 
values were recorded for EtOH, IPA and ACN, but a slightly higher 
dispersion efficiency was recorded by ACT (Fig. 2). Therefore, ACT was 
used as the dispersive solvent for further experiments. 

Mixing processes can affect the mass transfer of analytes between the 
organic and aqueous phases. Mixing by vortex was therefore investi
gated between 0 and 60 s periods. It is clear in Fig. S1 that 45 s yielded 
the highest peak area value, with a percent relative standard deviation 
value of 0.90%. The 60 s mixing period could have led to a reverse 
transfer of the analyte from the extraction phase into the aqueous so
lution. For these reasons, the optimum vortex period was selected as 45 
s. The final univariate optimization parameter was the mode of adding 
the extraction and disperser solvent mixture into the aqueous sample. 
Two different addition modes (automatic pipette and injector) were 
tested to determine their effects of extraction output. The injector mode 
of addition gave results that were better (Fig. S2) than automatic pipette 
addition by approximately 27%. These results showed that the mode of 
addition significantly affects dispersion of the extraction and disperser 
solvent mixture. 

3.2. Multivariate optimizations 

In this section, Box-Behnken Design was employed to optimize the 
volume of extraction solvent (A), volume of disperser solvent (B) and 
binary solvent ratio (C). It is known that BBD depends on three levels at 
− 1, 0 and + 1 combinations [40]. For this reason, the levels were set as 
200, 300, 400 µL for parameter A, 1.50, 2.75, 3.0 mL for parameter B 

Fig. 1. Univariate optimization of extraction solvent type (50.0 µg/kg standard 
solution, 1.50 mL of disperser solvent (EtOH), 15 s of vortex and 300 µL of 
extraction solvent). 

Fig. 2. Univariate optimization of dispersive solvent (50.0 µg/kg standard so
lution, 1.50 mL of dispersive solvent, 15 s of vortex and 300 µL of extraction 
solvent (1:1 ratio (v:v) of DCM-DCE mixture). 

Fig. 3. 3D surface plot demonstrating significant interaction effects of the extraction solvent and the disperser solvent volumes (Binary solvent ratio was fixed 
at 1.0:1.7). 
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and 1.0:2.0, 1.25:1.0, 2.0:1.0 (DCM:1,2-DCE) ratios for parameter C. 
The design consisted of 17 runs with five center points, and the mean 
value of quadruplicate extractions were considered as response value for 
each run. The quadratic expression for the BBD experiments was as 
follows:  

where Y is the response; C0 is a constant term; C1, C2, and C3 are linear 
terms; C12, C13, and C23 are interaction terms; C11, C22, and C33 are 
quadratic terms. 

The Design-Expert 7.0.0 Trial Software was used for the evaluation of 
experimental results. Analysis of variance (ANOVA) was applied to 
determine statistical significance of the independent parameters and 
their interactions. The empirical relationship between parameters and 
experimental values is shown in Equation (2).   

The regression model and ANOVA results of the experimental design 
are summarized in Table S4. The p-value indicates that the model is 
highly significant (Fmodel = 141.33, p < 0.0001). The goodness-of-fit 
statistics of the model were evaluated using R2 and adjusted R2. The 
respective R2 and adjusted R2 values of 0.9883 and 0.9814 indicate that 
the predicted model fitted well to the experimental data. This agreement 
can also be seen in the normal distribution plot given in Fig. S3. The p- 
values of A, B, C, AB, A2 and B2 were all statistically significant at 95% 
confidence level. 

The three-dimensional (3D) graph of Fig. 3 shows the interaction 
effect of A and B parameters on the response at a fixed C parameter ratio 
of 1.0:1.7 (DCM:1,2-DCE). According to the ANOVA results, low vol
umes of the extraction solvent and dispersive solvent gave the highest 
responses, while high DCM:1,2-DCE ratios led to low responses. The 
optimum parameter values selected from the model predictor were 
200.1 µL for parameter A, 1.56 mL for parameter B and 1.0:1.7 ratio for 
parameter C. 

3.3. Equilibrium period 

Equilibrium period is one of the most important parameters in 
isotope dilution analyses. Different analytes and their isotopic analogues 
require a certain period to mix homogeneously to allow them exhibit 

similar of physical and chemical characteristics during analysis. For 
example, 4‑n‑nonylphenol and 4‑n‑nonylphenol‑deutarated 8 had a sta
ble isotopic ratio within two hours [37]. For this reasons, various 
equilibration periods between 0 and 120 min were applied to YZ-2 
blends. According to isotopic measurements by the GC-MS system, the 
optimum period for stable isotopic ratios was obtained as 60 min [21]. 
After this optimization, sample and calibration blends were allowed to 
stand for 60 min in order to reach isotopic homogeneity. 

3.4. Comparison of three different isotope dilution strategies for bottled 
samples 

Standard addition triple isotope dilution (SA-ID3), triple isotope 
dilution (ID3) and quadrupole isotope dilution (ID4) were compared 
with each other to determine the best isotope dilution strategy for 
bottled water samples. Here, the theoretical sample/calibration blends 
presented in Table S5 were prepared for SA-ID3, ID3 and ID4 strategies. 
After the equilibrium period, all blends were directly sent to the GC-MS 
system. Experimental blend preparation and recovery results for SA-ID3- 
GC-MS, ID3-GC-MS and ID4-GC-MS systems are given in Tables S6–S11. 
Recovery results were calculated as 100.8 ± 2.1%, 99.2 ± 1.9% and 
100.5 ± 0.6% for SA-ID3-GC-MS, ID3-GC-MS and ID4-GC-MS systems, 
respectively. These results showed that the ID4 strategy was better than 
other strategies in terms of precision. Therefore, ID4 strategy was com
bined with the BSLPME method to enhance accuracy and precision for 
determination of bisphenol A at trace levels in bottled water. In the next 
experiments, the selected isotope dilution method was also used for 
wastewater samples. 

Table 2 
Analytical figures of merit for the GC-MS and BSLPME-GC-MS systems and comparison to other methods in the literature.  

System LODa LOQb Dynamic Range R2 ECPc Reference 

GC-MSd  51.7  172.3 0.20–26.60 mg/kg  1.0000 y = 406687x – 1520.3 [21] 
BSLPME-GC-MSe  0.3 µg/kg  1.0 µg/kg 1.1–1031 µg/kg  0.9999 y = 47237x + 42889 Present study 
SPME-HPLCf  1.1 ng/mL  3.8 ng/mL 10–500 ng/mL  0.9991 – [41] 
DLLME-GC-IT/MSg  1.1 ng/mL  6.2 ng/mL –  0.9843 y = 1.1453x-0.6973 [42] 
DLLME-HPLCh  0.7 ng/mL  – 2–20 ng/mL  0.996 – [43]  

a LOD: Limit of detection. 
b LOQ: Limit of quantification. 
c ECP: Equation of calibration plot. 
d GC-MS: Gas chromatography-mass spectrometry. 
e BSLPME-GC-MS: Binary solvent liquid phase microextraction-gas chromatography-mass spectrometry. 
f SPME-HPLC: Solid phase microextraction-high performance liquid chromatography. 
g DLLME-GC-IT/MS: Dispersive liquid–liquid microextraction-gas chromatography-ion trap mass spectrometry. 
h DLLME-HPLC: Dispersive liquid–liquid microextraction-high performance liquid chromatography. 

Y = C0 +C1X1 +C2X2 +C3X3 +C12X1X2 +C13X1X3 +C23X2X3 +C11X2
1 +C22X2

2 +C33X2
3 (1)   

R1 = + 176300 − 140900A − 27706.81B − 19340.13C+ 45087.37AB+ 84029.13A2 − 24126.87B2 (2)   
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3.5. Analytical figure of merits 

Bisphenol A standard solutions (prepared in EtOH) in the range of 
0.10 and 100 mg/kg (ten different concentrations) were directly sent to 
the GC-MS to determine the system’s performance. The parameters used 
for evaluation of the system were limit of detection (LOD), limit of 
quantification (LOQ), linear range, equation of calibration plot (ECP), 
coefficient of correlation (R2) and percent relative standard deviation of 
the lowest concentration in the dynamic range (%RSDLC) as summarized 
in Table 2. 

Twelve different concentrations (between 1.0 and 5000 µg/kg) of the 
analyte standard solutions were prepared in 2.0% ethanol solution. 
These standard solutions were extracted with the optimum BSLPME 
protocol detailed in Section 2.4 and sent to the GC-MS system to eval
uate analytical performance of the BSLPME-GC-MS system. LOD, LOQ, 
dynamic range, ECP, coefficient of correlation and %RSDLC values of the 
BSLPME-GC-MS system are given in Table 2. Enhancement in detection 
power (comparison in LOD values of GC-MS and BSLPME-GC-MS sys
tems) was calculated as 173 folds and calibration sensitivity (calibration 
plot slope of GC-MS divided by that of the BSLPME-GC-MS system) was 
determined as 116 folds. 

The developed BSLPME-GC-MS method was compared to other 
studies in the literature. In a study performed by our research group, ID4 
strategy was combined with switchable solvent liquid phase micro
extraction (SS-LPME) method to determine bisphenol A at trace levels in 
bottled water and wastewater samples [21]. Limit of detection obtained 
by the SS-LPME was relatively higher than the BSLPME method reported 
in this study. Offline solid phase microextraction-high performance 
liquid chromatography with florescence detection (SPME-HPLC), [41], 
dispersive liquid–liquid microextraction-gas chromatography-ion trap 
mass spectrometry (DLLME-GC-IT/MS) [42], dispersive liquid–liquid 
microextraction-high performance liquid chromatography with UV 
detection (DLLME-HPLC) [43] recorded higher LOD values than the 
BSLPME-GC-MS method developed in this study. It is also clear that the 
BSLPME-GC-MS method possesses a wider dynamic range with high 
correlation coefficient. Furthermore, the developed method is rapid, 
cheap and green method that does not involve time consuming labora
tory procedures. 

3.6. Recovery studies for BSLPME-GC-MS system 

Spiking experiments were performed on bottled water and waste
water samples to determine applicability and accuracy of the BSLPME- 

GC-MS system for real samples. Preparation of bottled water and 
wastewater samples are detailed in Section 2.3. When the samples were 
analyzed by GC-MS system after applying the BSLPME protocol, there 
was no detectable bisphenol A in the samples. After the blank analysis, 
the samples were spiked with BPA at two different concentrations (50.0 
and 200 µg/kg) and then sent to GC-MS system after preconcentrating 
with the BSLPME method. The percent recovery results presented in 
Table 3 were calculated using the external calibration method. 

The recovery results given in Table 3 verified the applicability and 
accuracy of the BSLPME-GC-MS method. However, further improve
ments in terms of accuracy and precision of the developed BSLPME-GC- 
MS method were done by the combination of ID4 and BSLPME methods. 

3.7. Combination of ID4 strategy and BSLPME-GC-MS system 

The BSLPME method was developed to reach lower detection limits 
for BPA in bottled water and wastewater samples. Bisphenol A 
contamination can be determined using the eco-friendly and sensitive 
BSLPME method at trace levels, but accuracy and precision of the 
developed method (Table 3) were not very high. Therefore, the BSLPME 
method was combined with ID4 strategy to determine the target analyte 
accurately and precisely at trace levels by the GC-MS system. The 
theoretical preparation of calibration/sample blends are detailed in 
Section 2.5. After the equilibrium period of isotopes (bisphenol A and 
bisphenol A-d16), the standard/sample blends were extracted/pre
concentrated utilizing the optimized BSLPME method. With the com
bination of ID4 and BSLPME methods prior to GC-MS determination, the 
theoretical and experimental spiked concentrations were very close to 
each other for both samples and precision was higher than the BSLPME- 
GC-MS method. Relative recovery results and coefficient of variations 
for the BSPLME-ID4-GC-MS system are presented in Table 4. All cali
bration/sample blends were measured in quadruplicate by the GC-MS 
system and 81 blends combinations were evaluated to calculate recov
ery results with their coefficient of variance (Tables S12 and S13). 

As seen in Table 4, high recovery results with very low standard 
deviation values were obtained by using the BSPLME-ID4-GC-MS 
method. Some studies in the literature reported accuracy (%recovery) 
values lower or higher than 100%, and low precision (CV) values, which 
that could be due to matrix effects or random errors. The proposed 
BSLPME-ID4-GC-MS method provided highly accurate and precise 
analytical results irrespective of matrix effects and instrumental errors. 
Moreover, bisphenol A can be accurately and precisely determined at 
ultra-trace levels with the developed method by employing more sen
sitive instruments such as gas chromatography-tandem mass spectrom
etry (GC-MS/MS) and gas chromatography-high resolution mass 
spectrometry (GC-HRMS). 

4. Conclusion 

The BSLPME method integrated with ID4 strategy prior to GC-MS 
measurement was developed to enhance accuracy and precision for 
the determination of bisphenol A in bottled water and wastewater 
samples. Important parameters of BSLPME method were successfully 
optimized by employing univariate and multivariate optimization ap
proaches. Type of binary extraction solvent, type of disperser solvent, 

Table 3 
Percent recovery results for the BSLPME-GC-MS system.  

Sample Theoretical Spiked 
Concentration, ng/g 

Experimental Spiked 
Concentration, ng/g 

Recovery 
% 

±CV 
* 

Bottled 
water  

50.2  44.9  89.5  3.5  
221.8  262.2  118.2  2.4 

Wastewater  51.6  49.8  96.5  4.1  
199.5  204.0  102.2  2.2  

* Uncertainties (±): Coefficient of variance (CV) of quadruplicate 
measurements. 

Table 4 
Recovery results for BSPLME-ID4-GC-MS system and comparison to other recovery results reported in the literature.  

Sample Theoretical Spiked Concentration, ng/g Experimental Spiked Concentration, ng/g Recovery% ±CV Reference 

Bottled water 192.6  192.1 100.3  0.4 This study 
Wastewater 198.0  198.0 100.0  0.5 This study 
River water 100 µg/L  – 97.28  2.31 [44] 
Bottled water 0.30 µg/L  0.32 µg/L 106.7  3.20 [45] 
Tap water 50 µg/L  60.0 120  14.3 [46] 
Lake water 50 µg/L  47.5 95  7.8 
River water 50 µg/L  42.5 85  11.3  
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vortex period and the mode of adding the mixture of extraction and 
disperser solvent to aqueous solution were optimized by a univariate 
approach. A multivariate approach based on Box-Behnken Design was 
used to optimize the volume of binary extraction solvent and disperser 
solvent, and ratio of binary solvent. Under the optimum conditions, 
system analytical performance of the BSLPME-GC-MS system were 
performed to determine LOD (0.3 µg/kg) and LOQ (1.0 µg/kg) values. 
Spiking experiments for the BSLPME-GC-MS system were carried out 
with bottle water and wastewater samples, and the recovery results were 
calculated in the range of 89–119% for both samples. The ID4 strategy 
was combined with the BSLPME method to boost not only the accuracy 
of the method, but also precision. Recovery results for the BSLPME-ID4- 
GC-MS system were recorded as 100.3 ± 0.4 and 100.0 ± 0.5% for 
bottled water and wastewater samples, respectively. Furthermore, the 
proposed method (BSLPME-ID4-GC-MS) can be applied to other complex 
matrices to quantify bisphenol A with high accuracy and precision. 
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