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Abstract- An efficient sample preparation procedure based on dispersive liquid-liquid microextraction (DLLME) with in situ 
derivatization was developed for determination of bisphenol A (BPA) in water samples by using gas chromatography-mass 
spectrometry (GC-MS). An orthogonal design was employed to optimize the DLLME conditions and acetic anhydride was used for 
direct derivatization in aqueous media. Major factors influencing DLLME efficiency including extraction solvent volume, extraction 
temperature, ultrasonic time and ionic strength, at three levels were investigated in 9 tests by L9 (3)4. The optimum extraction 
conditions were obtained as follows: extraction solvent, 20μL of the mixture of 70% pyridine in tetrachloroethylene; ultrasonic time, 
3 min; extraction temperature, 30°C; ionic strength, no salinity. Calibration curve of BPA was linear in the range of 0.01–10.0μg L-1 
with the correlation coefficient (R2) of 0.9961, and the limit of detection (LOD) was attained of 0.004μg L-1

Keywords- Bisphenol A (BPA); Dispersive Liquid-Liquid Microextraction (DLLME); Derivatization; Orthogonal Design; Water 
Sample 

 for BPA. High recoveries 
were obtained at three spiked concentrations ranging from 90.3%–106% with the relative standard deviations of 3.2%–7.6%. The 
developed method was successfully applied to trace determination of BPA in several drinking and environmental water samples.  

I. INTRODUCTION 

Widespread exogenous endocrine disrupting chemicals (EDCs) in the environment are becoming a major growing concern 
in the fields of environmental pollution and ecological remediation, which interfere with steroid-mediated regulatory functions 
in living organisms by exerting estrogen-like effects [1–3]. Bisphenol A (BPA) is known to be one such class compound, 
which is mainly used in the manufacture of polycarbonate plastics and epoxy resins. However, prolonged utilization and abuse 
of BPA results in its accumulation in environment and thereafter leads to environmental and health threat [4, 5]. 

Nowadays, high performance liquid chromatography (HPLC) [7, 8] and HPLC-mass spectrometry (MS) [9], and gas 
chromatography-MS (GC-MS) [10, 11] have been widely used for separation and determination of BPA, generally following 
suitable sample pretreatment processes. The most widely used extraction techniques for the isolation of BPA from 
environmental waters are conventional liquid-liquid extraction (LLE) [12] and solid-phase extraction (SPE) [13, 14]. However, 
they require large amounts of organic solvents which are often poisonous and hazardous, and the procedure is time-consuming 
and tedious [15]. Solid-phase microextraction (SPME) has been increasingly employed for BPA [16–18], while the expensive 
and fragile extraction fiber s also restrict its applications. Fortunately, liquid phase microextraction (LPME) has become an 
ideal alternative for BPA analysis [19]. Among LPME, dispersive liquid-liquid microextraction (DLLME) [20–22], as a 
relatively new sample preparation technique, showing remarkable advantages in small amounts of organic solvent (μL level), 
short extraction time, low cost, simplicity of operation, high enrichment factor and environmental benignity, has been rapidly 
developed and applied for trace analysis of BPA [23–26]. 

It has been 
pointed out that BPA can cause biological effects of model animals even at much lower doses than the regulated safe dose 
levels [6]. The residue analysis of BPA is challenging owing to its trace level presence, world-wide distribution and 
complicated matrix effects. Thus, it is urgently required to develop high effective preconcentration procedures and high 
sensitive detection techniques for trace analysis of BPA.  

For DLLME efficiency, there are more conditions to be optimized compared with other extraction methods, such as types 
and volumes of extraction and disperser solvents, ionic strength and sample pH, and extraction and centrifugation time. On the 
other hand, in many cases, it is difficult to quickly find suitable extraction conditions for a given task. To solve the problem, 
various types of experimental designs have been employed, such as Plackett–Burman design, central composite design, 
orthogonal design and Box–Behnken design. Among them, orthogonal design is relatively simpler in operation, which has 
been widely utilized to optimize conditions within a limited number of experiments. For example, in our previous work, 
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orthogonal design was used for DLLME [27] and headspace SPME [28] condition optimization. 

Commonly, the derivatization of bisphenols allows nonvolatile compounds to be converted into volatile derivatives, for the 
determination of BPA in water [12], and thus improves the separation power, and analytical selectivity and sensitivity. 
Silylation and acetylation have become the most widely used derivatization strategies for phenols. Silylation of the active 
hydrogens of BPA has been carried out by bis-(trimethylsilyl) trifluoroacetamide (BSTFA) [29, 30], and acetylation of the 
hydroxyl groups [31, 32] has been another frequent strategy to obtain volatile derivatives for BPA analysis.  

In this work, acetic anhydride in-situ derivatization combined with DLLME pretreatment procedure and GC-MS detection 
technique was developed for determination of BPA at trace levels in water samples. Key parameters affecting DLLME 
efficiency were evaluated and optimized by using an orthogonal L9 (3)4

II. EXPERIMENTAL 

 test design. The developed method was demonstrated 
applicable for the analysis of BPA in several real environmental and drinking water samples.  

A. Chemicals 

Chromatographic grade chlorobenzene (CB), tetrachloroethylene (TCE), and pyridine (Py) were all obtained from 
Shanghai Chemical Reagent Co. (Shanghai, China). These solvents were all distillated at least twice and used as extraction 
solvents except for Py as dispersive solvent. BPA was purchased from Merck Company (Darmstadt, Germany). Analytical 
grade acetic anhydride as derivatization reagent was purchased from Tianjin Chemical Research Institute (Tianjin, China). 
During the derivatization reaction with acetic anhydride, the hydroxyl groups of BPA are modified to acetyl group as shown in 
Fig. 1. Water used was produced by a Milli-Q Ultrapure Water System with the water outlet operating at 18.2 MΩ (Millipore, 
Bedford, MA, USA). The concentration of BPA stock solution was 0.1mg L-1
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Fig. 1 Derivatization reaction of BPA with acetic anhydride 

B. GC-MS Measurements 

A GC 2010 System Chromatograph was purchased from Shimadzu Company (Kyoto, Japan) equipped with a splitless 
injector system and a quadrupole mass selective detector operated in selective ion monitoring (SIM) mode was used. All 
standards and real samples were acetylated and analyzed in SIM mode at m/z 213, 228, 270 (quantifiers) and 312, and the 
quantifier was operated in selected molecular ion peak m/z 270 ([M-CH3CO+H] +) of acyl derivative of BPA. Separation was 
carried out on a Rtx-5MS, 30 m × 0.25 mm capillary column with a 0.25µm stationary film thickness, 95% methyl–5% phenyl 
copolymer column (Shimadzu, Japan). The oven temperature was programmed as follows: initial 100◦C (holding 2 min), to 
180°C at the rate of 25°C min-1, and then from 180°C (holding 2 min) to 280°C at the rate of 20°C min-1

C. Optimization of DLLME Procedure 

, and holding 5 min at 
280°C. The injector temperature was held at 280°C, the inlet was operated in splitless mode with a splitless time of 1 min, and 
the injection volume was 1μL.  

An orthogonal L9 (3)4

TABLE 1 FACTORS AND LEVELS FOR ORTHOGONAL TEST 

 test design was used for optimization of the DLLME conditions. Extraction was accomplished with 
6.0 mL samples, and nine extractions were performed at extraction solvent volume of 10, 20 and 30μL, extraction temperature 
of 20, 30, and 40°C, ultrasonic time of 3, 5, and 10 min, salinity of 0, 20%, and 40% on the basis of the single-factor test. 
Table 1 shows the experimental conditions for DLLME. 

Variable 
Level 
1 2 3 

Extraction solvent volume / μL (A) 10 20 30 
Ultrasonic time / min (B) 3 5 10 
Temperature / °C (C) 20 30 40 
Ionic strength / % (D) 0 20 40 
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D. Sample Preparation Process with DLLME 

Compared to conventional DLLME, this study was carried out with the mixture of TCE (as extraction solvent) and Py (as 
dispersive solvent) to extract the BPA with a little solvent consumption. The derivatization and DLLME were operated as 
follows: a 6.0mL of double-distilled water containing 5.0μg L-1

III. RESULTS AND DISCUSSION 

 BPA was placed in a 10mL glass tube with conical bottom; 
then 30μL acetic anhydride (derivatization reagent), 20µL mixed organic solvents (TCE: Py = 3:7, v/v) was injected rapidly 
into the sample solution using a gastight Hamilton syringe (Bonaduz, Switzerland). The resulting mixture was immersed into 
an ultrasonic bath (40 kHz and 600 W) for 3 min at 30±1°C. Thus, dispersed fine droplets of mixed solvents formed a cloudy 
solution while the BPA was derivated by acetic anhydride and was enriched in the extraction solvent very soon. The resulting 
emulsion solution was centrifuged for 5 min at 10000 rpm. Afterward, the dispersed fine droplets were sedimented on the 
conic bottom of glass test tube, and the volume of the sedimented phase was approximate 3±0.5μL. Then 1μL aliquot of the 
sedimentary phase was removed from the conic bottom of the centrifuge tube and analyzed by GC-MS system. Every 
experiment was performed for five times and the results were then averaged out. 

A. GC-MS of Derivatization System 

In order to investigate the derivatization reaction and identify the derivatives, a BPA standard was added for derivatization 
with acetic anhydride into the mixed solvents of TCE and Py, and then GC-MS was used to monitor the derivatization system. 
As shown in Fig. 2, the chromatographic peak of BPA appears before derivatization while no BPA peak is found and a new 
peak of acetylated compound appears after derivatization. So the derivative could be identified according to the mass spectrum 
data, i.e., base peak m/z 213, molecular ion peak m/z 312, and others such as m/z 270 ([M-CH3CO+H]+) and m/z 228, 
consistent with its standard mass spectra. Therefore, BPA was successfully derivatized completely by the acetylating reagent. 
Furthermore, the abundant ion significantly reduced the chromatographic interference and resulted in much higher signal-to-
noise ratio, which was exactly vital to quantify BPA with high selectivity and sensitivity. 
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Fig. 2 Chromatograms before (a) and after (b) derivatization for BPA, and MS spectra of BPA before (c) and after (d) derivatization. 

The level (a) was 5.0μg L-1

B. Derivatization Conditions 

 BPA in TCE; derivatization for BPA of (b) was following Fig. 3 

BPA contains hydrophilous groups, so it is necessary for derivatization to convert the analyte into easily volatile compound 
and to favour the GC determination of BPA. Generally, the acetylation of phenols with acetic anhydride can be performed with 
high efficiency in aqueous media in the presence of hydrogen carbonate or carbonate as catalyst by using cheap reagents. In 
general, inorganic salts such as carbonate or phosphates are useful to catalyze the derivatization [23], but the targeted analyte is 
required to be converted into corresponding acetic esters under the presence of Py satisfying the basic condition. Moreover, Py 
could accelerate the derivatization reaction in a few minutes with high efficiency, which might be attributed to a highly active 
compound formed between Py and acylating agents [33]. So, Py was chosen as catalyst and dispersive solvent, which was 
compatible for DLLME.  

The influence of volume of acetic anhydride on the peak area was studied in the range of 10–50μL. Results indicated that 
with the increase of volume of acetic anhydride, the peak areas increased significantly and reached maximal values at 30μL. 
However, when the volume of the derivatization reagent was more than 50μL, the responses began to decrease, instead. The 
possible reason could be that the excess acetic anhydride changed the reaction pH value and caused the decrease of extraction 
efficiency for targeted analyte [34]. So, 30μL of acetic anhydride was adopted in subsequent study.  

As for the effect of acetylating reaction time, the acetylation of 3, 5, 10, and 15 min was investigated at room temperature. 
The results showed that the derivatization reaction could be balanced in a short time, and the peak areas of derivatives were 
kept unchanging basically with the time extension. By comparing with in situ derivatization, a control test of the acetylation of 
standard component solution was investigated as follows: firstly, BPA standard solution system in a glass tube with conical 
bottom was evaporated to dryness with nitrogen; secondly, 30μL acetylating reagent and 20μL mixed solvent (TCE: Py = 3:7, 
v/v) were added and thoroughly mixed, keeping derivatization about 5 min at room temperature; finally, milli-Q water of 6 mL 
was added and immersed into ultrasonic bath for 5 min at ambient temperature. The cloudy solution was centrifuged at 10000 
rpm for about 5 min and then 1μL aliquot of the sedimentary phase was injected for GC-MS analysis. It was found that the 
peak area of derivatives resulted by in advance derivatization was kept unchanging basically compared with that of in situ 
derivatization. The result indicated that in situ derivatization coupled with DLLME procedure did not affect the extraction 
efficiency, but also led to simple sample preparation procedure and short analysis time. Thus, the convenient way of in situ 
derivatization mode was employed in the subsequent experiments. 

C. Selection of Extraction Solvent for DLLME 

Selection of an appropriate extraction solvent is critical for developing an efficient DLLME method, since its 
physicochemical properties can account for the emulsification phenomenon and affect the extraction efficiency [35]. For 
practical purposes, a series of sample solutions were studied to find a desirable type and ratio of extraction solvent and 
dispersive solvent. To form 3±0.5μL sedimentary phase during sonication for 5 min, 10µL of CB and TCE were selected, 
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respectively. The results revealed that TCE offered much higher extraction efficiency because of its weak polarity in 
comparison with that of CB (Fig. 3). Therefore, TCE was selected as the extraction solvent for further studies. Furthermore, 
the cloudy solution was well formed when Py as dispersive solvent was injected into an aqueous sample containing BPA, and 
could further improve the extraction efficiency of TCE. And then, the best ratio between TCE and Py was explored. Different 
percentages of Py in TCE (40%, 50%, 60%, 70%, and 80%) were preliminarily mixed, and then 20µL of those organic 
mixtures were added to the aqueous sample solution, respectively. As shown in Fig. 3, the responses increased with the ratio 
increasing of Py in TCE ranging from 40% to 70%, and the possible reasons was that the basic condition could contribute to 
acetylating for BPA. And a much greater response was attained at 70%. The excess Py changed the reaction pH value. When 
higher volume ratio of Py in TCE was up to 80%, the tiny droplets of TCE would disperse in the sample solution during 
sonication, and the extraction efficiency decreased. Thus, a mixed solvent containing 70% of Py in TCE was selected for 
subsequent experiments. 
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Fig. 3 Effect of extraction solvents on DLLME extraction efficiency. Disperser solvent ratios of Py as: Py (0%)–P (80%) meaning 0%–80% of Py in TCE; Py–
CB (70%) meaning 70% of Py in CB. Extraction conditions: a 6.0mL aqueous sample containing 5.0μg L-1 BPA, 20µL of extraction solvent volume, 5 min of 

extraction time, 5 min of centrifugation time, and 30°C of extraction temperature 

D. Orthogonal Test for Optimal DLLME Parameters 

Besides the above optimized extraction solvent, several other factors including extraction solvent volume, extraction 
temperature, ultrasonic time, and salinity are generally considered to be the most important factors that contribute greatly to an 
efficient extraction for the target BPA. In this system, on the basis of the preliminary experimental results, extraction solvent 
volume (A), ultrasonic time (B), extraction temperature (C), and salinity (D) were selected as variables. To determine the 
ranges and intervals of the four variables, a three-level four-factor orthogonal design L9 (3)4 was selected based on above 
preliminary experiments, and a total of nine experiments were performed, as shown in Table 1. Twenty-two of the nine 
experiments were randomly selected and their experimental conditions and results were used to build a DLLME method for 
prediction of the independent variables with three variation levels: extraction solvent volume (10, 20, 30μL), ultrasonic time (3, 
5, 10 min), extraction temperature (20°C, 30°C, 40°C), and salinity (0, 20%, 30%). The results of orthogonal test and extreme 
difference analysis are listed in Table 2. Although the maximum recovery of BPA was 98.7%, the corresponding extraction 
conditions cannot be supposed as the optimization parameters. In view of orthogonal analysis, a statistical method was adopted 
to calculate the values of K and R. The factors affecting the recovery of BPA were listed in an increasing order as: A<C<D<B 
according to the R value. The ultrasonic time and salinity were found to be important determinant of the recovery for BPA. 
The possible reason could be: increasing either the ultrasonic time or the salinity changed the dissolvability of derivatives and 
then caused the decrease of extraction efficiency for BPA. However, three levels of the factor of extraction temperature could 
be inconclusive to the recovery. In order to obtain the maximum recovery of BPA, the best combination was established as 
A2B1C2D1 (i.e. extraction solvent volume, 20μL; ultrasonic time, 3 min; extraction temperature, 30°C, and no salinity). 
Through confirmatory test, a high recovery of 102.4% was attained.  
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TABLE 2 ANALYSIS OF L9 (3)4 TEST RESULTS

No. 

A 

(A) Extraction 
solvent volume 
/μL 

(B) Ultrasonic time 
/min 

(C) Temperature 
/°C 

(D) Ionic 
strength/% 

Recovery 
/% 

1# 1 1 1 1 92.2 
2# 1 2 2 2 96.0 
3# 1 3 3 3 62.2 
4# 2 1 2 3 88.6 
5# 2 2 3 1 98.7 
6# 2 3 1 2 72.4 
7# 3 1 3 2 86.0 
8# 3 2 1 3 62.2 
9# 3 3 2 1 77.0 
K 250.4 1 266.8 226.8 267.9 Σ=735.3 
K 259.7 2 256.9 261.6 254.4 

 K 225.2 3 211.6 246.9 213.0 
R 34.5 a 55.2 34.8 54.9 

a

E. Analytical Performance 

 Extreme difference: refers to the  result of extreme analysis. 

The analytical performance was investigated in terms of repeatability, linearity, correlation coefficient, limit of detection 
(LOD) and enrichment factor (EF) under optimized experimental conditions. An excellent linear relationship was obtained 
between peak areas and the corresponding concentrations of BPA in the wide range 0.01–10.0μg L-1 (R2 = 0.9961). A high EF, 
defined as the ratio between the BPA concentration in the final aqueous phase and the initial concentration of the sample 
solution, and formed a well stable cloudy solution, could be obtained of 1720 at the concentration level of 5μg L-1 of BPA. 
And at the same concentration, the repeatability was investigated on five replicate experiments with the relative standard 
deviations (RSD) of 6.8%. The LOD, calculated as the analyte concentration for which the peak area was three times the 
background noise, was 0.004μg L-1, which is much lower than the maximum acceptable dose for BPA in diet related makings, 
namely 0.05mg kg-1 or L-1 formulated by the United States Food and Drug Administration (FDA) and 0.01mg L-1

Comparisons of the analytical performances between the present DLLME in situ derivatization with other reported 
extraction methods are shown in Table 3 for the determination of BPA in water samples by GC-MS. As can be seen, the 
extraction time in DLLME is very short even within a few seconds. However, extraction time for SPME [36], stir bar sorptive 
extraction (SBSE) [37, 38] and LPME [39] ranged from 45 to 90 min, without equilibrium in most cases. The RSDs for the 
DLLME is lower than or approximately to the SPME, SBSE and LPME. Moreover, the developed DLLME has excellent LOD 
and wide linear range, better than or comparable to those reported DLLME methods [23, 40]. The volume of sample solution 
required for DLLME is about 6mL, which is similar to that of SPME, SBSE and LPME methods. Additionally, in contrast to 
them, the stirring speed has no influence in DLLME efficiency. So, the DLLME with in situ derivatization was indicated great 
potential as a fast, reproducible, and simple technique for the rapid enrichment and sensitive determination of trace BPA in 
water samples. 

 by the Health 
Department of the Chinese Government.  

TABLE 3 EXTRACTION METHOD PERFORMANCE COMPARISONS FOR THE DETERMINATION OF BPA IN WATER SAMPLES BY GC-MS 

Extraction Method LOD (μg L-1 Linear range ) (μg L-1 RSD (%) ) 
Extraction time 
(min) Ref. 

SPME 0.04 0.027–195 10 60 [36] 
SBSE with in situ 
derivatization 0.005 0.02–10 < 10 45  

[37] 
SBSE 0.002 – 4.3 90 [38] 
LPME 0.2 1–1000 3.2–8.9 90 [39] 
DLLME with in situ 
derivatization 0.01 0.1–50 3.8 A few seconds [23] 

DLLME with in situ 
derivatization 0.004 0.01–10.0 6.8 A few seconds This work 

F. Application to Water Samples 

To demonstrate the feasibility of the proposed method, the developed procedure was applied for the determination of BPA 
in several kinds of real water samples. The bottled purified water samples were purchased from local supermarket, including 
three brands of Wahaha, Nongfushanquan and Laoshan. Tap water samples were collected from our laboratory after flowing 
for about 5 min. River water samples were collected into glass bottle from Benghe River and Yehe River (Linyi, China) and 
Dagujiahe River (Yantai, China), and then they were all filtrated through a 0.45µm PTFE syringe filter (Phenomenex, Los 
Angeles, USA). The samples were directly analyzed or stored at 4°C for use. 
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Five replicate analyses were performed for each sample to determine recoveries from spiked samples with three levels of 
0.05, 0.1 and 5.0μg L-1, respectively. The results of relative recoveries of the water samples are tabulated in Table 4. The 
recovery data within 90.3%–106% demonstrated that the different water matrices had little effect on the DLLME efficiency. 
Also, the determination results suggested that the tested water samples were all free of BPA contamination, since the 
endogenous contents of BPA within 0.18–0.35μg L-1 detected in river water are still much lower than the maximum acceptable 
dose for BPA of 10μg L-1

TABLE 4 RECOVERIES OF BPA IN SEVERAL SPIKED WATER SAMPLES BY DLLME WITH IN SITU DERIVATIZATION COUPLED TO GC-MS (N = 5) 

 regulated by China. Therefore, the developed method was validated applicable to routine monitoring 
and analysis of BPA in drinking and environmental water samples. 

Water type Brand/Source Endogenous 
(µg L-1

Added 
) (µg L-1 Recovery (%) ) RSD (%) 

Milli-Q water 18.2 MΩ ND
0.05 

a 
99.5 5.3 

0.1 101 3.8 
5.0 98.6 3.2 

Tap water Lab ND 
0.05 103 5.6 
0.1 106 4.3 
5.0 97.4 3.6 

Bottled Water 

Wahaha ND 
0.05 101 5.6 
0.1 106 4.8 
5.0 91.5 4.1 

Nongfushanquan ND 
0.05 105 6.4 
0.1 102 5.3 
5.0 95.5 4.5 

  Laoshan ND 
0.05 98.3 5.2 
0.1 106 4.1 
5.0 97.8 3.3 

River water 

Benhe 0.18 
0.05 98.6 7.2 
0.1 102 6.8 
5.0 90.3 4.7 

Yihe 0.35 
0.05 103 5.4 
0.1 104 4.3 
5.0 92.5 3.8 

Dagujiahe 0.22 
0.05 93.2 7.6 
0.1 97.1 6.3 
5.0 91.8 5.7 

a 

IV. CONCLUSIONS 

Not detected. 

The in situ derivatization DLLME with the aid of orthogonal design coupled to GC-MS was developed for the trace 
determination of BPA in water samples. Extraction and derivatization of BPA were simultaneously performed, which led to 
simple sample preparation procedure and short analysis time. Good recovery, repeatability, and low detection limits were 
presented. The sample preparation method of in situ acetylation combining with DLLME was demonstrated to be a sensitive, 
rapid, convenient, and economic option for routine analysis of phenols in environmental and drinking water samples.  
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