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Determination of bisphenol A, bisphenol F and their diglycidyl ethers in
environmental water by solid phase extraction using magnetic multiwalled
carbon nanotubes followed by GC-MS/MS
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The magnetic multiwalled carbon nanotube (MWCNT-MNP) was successfully synthesized. MWCNT-

MNP and gas chromatography-tandem mass spectrometry (GC-MS/MS) were used for rapid, simple

and reliable determination of bisphenol A (BPA), bisphenol F (BPF), bisphenol F diglycidyl ether

(BFDGE) and bisphenol A diglycidyl ether (BADGE) at trace levels in water. The major factors

affecting the recovery efficiency, such as amount of MWCNT-MNP, pH of water sample and sample

volume, were carefully investigated. The recovery of these compounds was in the range of 88.5–115.1%

with relative standard deviation less than 10%. Good linearities (r2 > 0.995) were obtained. The limits of

detection for BPA, BPF, BFDGE and BADGE were 0.001, 0.002, 0.06, and 0.05 mg L�1, respectively.

Finally, the method was applied to tap water, river water and snow water, the results show that the

developed method is suitable for monitoring trace BPA, BPF, and their diglycidyl ethers in

environmental water samples.
Introduction

Recently environmental security has been threatened by a wide

range of chemical contaminants and has attracted great public

attention. Various environmental chemicals may exert some

harmful effects to animals and humans.1–3 Bisphenol A (BPA)

and F (BPF) are extensively used as leading chemicals in plastics

with a variety of industrial applications, including food pack-

aging, lacquer coatings in cans and dental composites and seal-

ants. Bisphenol A diglycidyl ether (BADGE) and bisphenol F

diglycidyl ether (BFDGE) are epoxy resins obtained by reaction

of their respective monomers, BPA and BPF, with epichloro-

hydrin.4,5 BPA exposure is the focus of a growing number of

research studies, which has been mainly related to its estrogenic

activity. The toxicity of BPF has been proven and it is mainly

related to its estrogenic and antiandrogenic effect, while that of

BADGE and BFDGE is related to their cytotoxic effects. The

degree of toxicity of these compounds mainly depends on the

fractional concentration of unreacted epoxy groups.6–10 Release

of BPA, BPF, BADGE and BFDGE into the environment is

possible during manufacturing and by leaching from final

products. So, the determination of these compounds in envi-

ronmental water samples is demanded for environmental risk

assessment.
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The very low concentration level of these contaminants and

the complex matrix of environmental water samples make the

pretreatment usually necessary before instrumental analysis. In

recent years, a number of studies have set forth various sample

pretreatment techniques for these contaminants in environ-

mental and food samples, including liquid–liquid extraction

(LLE),8,11,12 pressurized liquid extraction (PLE),13,14 cloud point

extraction,15 coacervative extraction,9 solid-phase extraction

(SPE),16 solid-phase microextraction (SPME),17 stir bar sorptive

extraction (SBSE)18 and microextraction by packed sorbent

(MEPS).19,20

Magnetic nanoparticles (MNPs) are nowadays one of the most

important trends in science and applications including biotech-

nology and pharmacy fields as well as electronics, scientific tools,

industrial manufacturing processes, the introduction of

advanced materials, etc.21–26 Carbon nanotubes (CNTs) have

attracted considerable scientific and public interest in the past

decade, regarded as promising candidates for reinforcement in

composite materials due to their unique tubular structure and

strong adsorption ability.27,28 It was found that CNTs reinforced

composites have prominent enhancement in the properties, such

as bending strength fracture toughness, wear resistance, corro-

sion resistance, electrical conductivity, and thermal stability.

Therefore, these unique properties make CNTs very useful for

supporting MNPs in many potential applications.29–38 Magnetic

multiwalled carbon nanotube composites are hybrids of

magnetite (Fe3O4) with multiwalled carbon nanotubes

(MWCNTs). These composites combine the unique properties of

MWCNTs andMNPs.MWCNT-MNP binding in the composite
Anal. Methods, 2012, 4, 291–298 | 291
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Fig. 1 The MWCNT-MNP composite application for enriching analy-

tes as sorbent.
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is strong enough to resist applied mechanical energy such as that

of manual shaking or sonication. Such advantages show that

magnetic CNTs may have great analytical potential as

effective adsorbent for determination of some compounds.39,40

To the best of our knowledge, their analytical potential has been

the subject of little research that has focused primarily on the

development of synthetic methods and characterization of the

resulting products.

In the present study, the preparation of magnetic MWCNTs

and its application in the pretreatment of bisphenol-type

compounds from environmental water samples is reported.

Extraction conditions and derivatization conditions were opti-

mized. Coupling with gas chromatography-tandem mass spec-

trometry (GC-MS/MS), a highly selective and sensitive analytical

method was established. To our knowledge, our group demon-

strated, for the first time, that magnetic MWCNTs are effective

adsorbents for determination of BPA, BPF and their diglycidyl

ethers in environmental water samples.

Experimental

Chemicals and materials

The standards of BPA, BPF, BADGE and BFDGE were

purchased from Dr Ehrenstorfer (Augsburg, Germany). HPLC-

grade methanol, n-hexane, acetonitrile and ethyl acetate were

obtained from Tedia (Fairfield, Ohio, USA). Multiwalled carbon

nanotubes (60–100 nm i.d.) were purchased from Nanotech Part

Co., Ltd (Shenzhen, China). Analytical grade ethylene glycol,

ferric chloride (FeCl3$6H2O), polyethylene glycol, ethanol, for-

mic acid, aqueous ammonia and acetic anhydride were

purchased from Sinopharm Chemical Reagent Co., Ltd

(Shanghai, China). Distilled water was purified by using Milli-Q

ultra-pure water system (Milford, MA, USA).

Three environmental water samples were evaluated including

tap water, river water and snow water. Tap water samples were

collected from Hunan Entry-Exit Inspection and Quarantine

Bureau laboratory (Changsha, China) River water samples were

collected from Xiang River (Changsha, China). All samples were

collected randomly and filtered through 0.45 mm membranes to

remove suspended particles. And snow water samples were

collected from Yuelu Mountain (Changsha, China) and melted

at room temperature in February 2011.

Standard solutions

Stock solutions of BPA, BPF, BADGE and BFDGE (1 mg ml�1)

were prepared in methanol. These solutions were diluted daily to

working concentrations with methanol. All solutions were stored

at 4 �C in the dark.

Derivatization of BPF, BPA standards

BPA, BPF and their diglycidyl ethers standard solution (100 mg

L�1) was evaporated to dryness under nitrogen at 60 �C. 1 mL of

0.4 mol L�1 Na2CO3 and 100 mL of acetic anhydride were added

and the mixture was shaken for 30 s and allowed to stand for 15

min at 25 �C (room temperature). Afterwards n-hexane

(2.5 mL � 2) was added, vortex for 1 min. After the organic

phase and aqueous phase were separated thoroughly, the organic
292 | Anal. Methods, 2012, 4, 291–298
phase was transferred to a 5 mL glass centrifugal tube using

a glass pipette. Then the combined n-hexane mixture was

concentrated to 1.0 mL under a gentle nitrogen stream, which

was ready for GC-MS/MS analysis.

Preparation of the MWCNT-MNP composite

Our strategy to synthesize the MWCNT-MNP composite

contains two main steps. (a) Functionalization of MWCNT:

MWCNTs were treated with H2SO4/HNO3 (3 : 1) and ultra-

sonicated over 10 h to introduce hydroxyl and carboxyl groups

onto their surfaces. (b) Assembling magnetic nanoparticles onto

the acid-treated MWCNTs: An amount of 0.467 g of

FeCl3$6H2O and 0.04 g acid-treated MWCNTs were suspended

in 25 mL ethylene glycol in a glass vial. 1.2 g of sodium acetate

was added and the solution was mixed by a magnetic stirrer at

room temperature for 5 min. Afterwards the glass vial was placed

in an airtight steel container and heated in an oven at 200 �C for

14 h. After cooling to room temperature, the synthetic product

was washed with 25 mL ethanol and MWCNT-MNPs were

recovered by applying a magnetic field via a magnet placed on the

outer wall of the glass vial. This cleanup procedure was repeated

5 times. The MWCNT-MNP composite obtained was stored in

ethanol (25 mL) until needed.

Extraction procedure

1.5 mgmL�1 MWCNT-MNP composite were added into 500 mL

filtered water sample and the pH was adjusted to 6.1 with buffer.

Then the mixture stand for 10 min after 5 min shaking. The

supernatant was then removed and a magnet was paced on the

outer wall of the vial in order to collect the MWCNT-MNP

composite. Then the MWCNT-MNP composite was washed

with 5 mL methanol that was subsequently removed using

a pipette with the aid of the magnet again placed on the outer

wall of the vial. Fig. 1 shows the extraction procedure. The final

extract in methanol was transferred to the test tube and deriv-

atized the same way as standard (2.2, described above). After

derivatization, the sample was analyzed by GC-MS/MS.

GC-MS/MS analysis

The analysis of all compounds was performed using a gas

chromatograph (Varian-450) interfaced to a 300-MS triple
This journal is ª The Royal Society of Chemistry 2012
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Fig. 2 GC-MS/MS chromatogram of spiked water sample: BPA (0.1

mg L�1), BPF (0.1 mg L�1), BFDGE (2.0 mg L�1) and BADGE (2.0 mg L�1).

Fig. 3 The schemes of derivatization reaction.
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quadrupole mass spectrometer (Varian Inc., USA), which

contains data system software required for calibration, collection

of GC-MS spectra and data processing for qualitative and

quantitative analysis. Separation was achieved on a DB-1701MS

capillary column (30 m � 0.25 mm i.d., 0.25 mm film thickness)

from Varian Inc., USA. Ultra pure helium (99.999%) was used as

a carrier gas at a flow rate of 1.0 mL min�1.

1 mL of the concentrated extract was analyzed using splitless

injection in Multiple Reaction Monitoring (MRM) mode.

Injection port temperature was 250 �C and source temperature

was 250 �C with electron energy of 70 eV. For the oven

temperature program, an initial temperature was set up at 150 �C
for 1 min, followed by an increase of temperature at the speed of

20 �C min�1 from 150 �C to 270 �C which was maintained for

28 min.

Results and discussion

Optimization of GC-MS/MS conditions

Identification of each compound was carried out by analysis of

the compounds in the full scan mode. To optimize MS/MS

conditions, after scanning and confirming the spectra using the

NIST library search, the method was changed to the multiple

reaction monitoring modes (MRM). Collision energies, dwell

time and other parameters were optimized to improve the MS

response for all the tested compounds. The most abundant

Precursor and product ions were chosen for quantitation and the

second for confirmation. A minimum of two transition ions were

selected for each compound. The collision energies and other

parameters used are shown in Table 1.

With the help of the NIST standard mass spectral library, the

characteristic ions and the retention times of the target

compounds were obtained and identified with full scan mass

spectra. Under the above optimized conditions, 6 peaks were

obtained. In 25 min, all the target compounds could be well

separated (shown in Fig. 2).

Optimization of the derivatization conditions

BPA and BPF show poor peak shapes and sensitivity because of

the hydroxyl polar group. Thus, their determination by GC–MS/
Table 1 Details of MS/MS parameters used for analysis of the compounds

Compounds RT (min)
Q1 Precursor
ion (m/z)

Q3 Produc
ion (m/z)

BPF 10.256 107 77
200 107

BPA 11.010 213 119
228 213

BFDGE 13.758 312 168
181 152

16.407 312 168
197 141

20.213 312 168
312 198

BADGE 22.438 325 119
340 269

a Q is quantification ion transition and q is confirmation ion transition. b Av
concentration levels replicates each).

This journal is ª The Royal Society of Chemistry 2012
MS requires a derivatization stage in order to minimize their

polar character. Acetic anhydride has proved to be excellent

derivatization agents for BPA and BPF, due to its advantages,

such as simplicity or low-cost. Moreover, the process of deriva-

tization can be carried out at room temperature in short times,

which facilitate its application in routine analysis. During the

derivatization reaction, the hydrogen atom from the –OHmoiety

is substituted by an acetyl group. Fig. 3 shows the schemes of

derivatization reaction.
t
Q/q a

Collision
energy (eV)

Dwell
time (s)

Q/q
ratio b

Q 15 0.2 3.27
q 10 0.2
Q 10 0.05 1.36
q 35 0.05
Q 15 0.1 1.93
q 25 0.1
Q 15 0.1 1.05
q 25 0.1
Q 15 0.1 1.14
q 15 0.1
Q 25 0.1 4.75
q 20 0.1

erage value calculated from nine injections of standard solutions (three

Anal. Methods, 2012, 4, 291–298 | 293
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The method of derivatization was carried out based on

previous methods described by Zhang et al.41 The standard

solution volume containing the four analytes at 100 mg L�1 was

used to optimize the derivatization step.

To investigate the effect of quantity of Na2CO3 on the

performance of derivatization, various experiments were per-

formed by adding different amounts of Na2CO3 (0.1–0.6 mol

L�1) in sample solution. Other experimental conditions were kept

constant. The results are shown in Fig. 4A. According to the

results, 0.4 mol L�1 Na2CO3 was chosen as the optimum

concentration.

To investigate the effect of derivatization reagent volume,

several experiments were studied. Fig. 4B showed the curve of the

recovery of BPA, BPF, BFDGE and BADGE versus volume of

acetic anhydride. By increasing the volume of acetic anhydride

up to 100 mL, the efficiency increased. Increasing acetic anhy-

dride over 100 mL, caused a small decrease in efficiency. This

decrease in the efficiency of the derivatization process might be

a result of a raise in the acidity of solution (caused by hydrolysis

of acetic anhydride).

The influence of reaction time was also examined. It was found

that the derivatization was fast. The recovery was increased

during the first 15 min, but no obvious changes were observed

over 15 min. Therefore a reaction time of 15 min was selected.

Under the above optimized derivatization conditions, deriv-

atized BPA, BPF present peaks with higher intensity and S/N

ratios. For BFDGE and BADGE, the MS and chromatographic

behaviors were affected slightly.
Characterization of the MWCNT-MNP composite

To confirm whether the product obtained was in fact the

MWCNT-MNP composite, the material was characterized by

a transmission electron microscope (TEM) of JEM-3010 (Jeol,

Japan) with an accelerating voltage of 300 kV. For the prepa-

ration of TEM specimens, the MWCNT-MNP composite was

dissolved in doubly distilled water and dropped onto a carbon-
Fig. 4 Effect of (A) Na2CO3 concentration and (B) the volume of acetic

anhydride on derivatization.

294 | Anal. Methods, 2012, 4, 291–298
coated copper, as shown in Fig. 5. It was obvious that the

nanotube surface was decorated by nanoparticles and no nano-

particles aggregation. The nanoparticles attached on the tube

surface tightly and looked like nodes growing from the tubes.

Such strong and complete attachment can be attributed to the

cationic multiple arms grown on the tubes.42 Because the nano-

tubes were not completely covered by the MNPs, the composite

was expected to have the sorption properties of MWCNTs and

exhibit good ferromagnetic property of MNPs, which was

sufficient for magnetic separation with a conventional magnet.

The FT-IR spectra of acid-treated MWCNTs and MWCNT-

MNP composite are shown in Fig. 6. Some bands observed near

1580 cm�1 in samples showed the presence of the cylinder like

carbon structure. The broad band around ca. 589 cm�1 was only

visible in the spectra of MWCNT-MNP composite, proved that

iron oxide existed in the composite. This was according to the

work of Zuzana et al. and Jishi.43,44 Such results confirmed that

MNPs were indeed coated onto the tube surface. This result is in

good accordance with the TEM observation.
Optimization of the extraction conditions

Effect of the amount of MWCNT-MNP. In order to have

satisfactory recoveries of target compounds, a certain amount of

MWCNT-MNP sorbents were required. 0.1–3.0 mg mL�1 of
Fig. 5 TEM images of the MWCNT-MNP composite.

Fig. 6 FT-IR spectra of acid-treated MWCNTs and MWCNT-MNP

composite.

This journal is ª The Royal Society of Chemistry 2012
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MWCNT-MNP were discussed and the result is shown in

Fig. 7A. A satisfactory result was achieved by using a lower

amount of MWCNT-MNP sorbents, compared to those used in

traditional SPE sorbents. 1.5 mg mL�1 was enough for extracting

the analytes from water samples, and the recoveries of target

analytes were all over 80%.

Effect of solution pH. Sample pH had a critical effect on

adsorption of target compounds by affecting the existing form of

target compounds, the charge species and density on the sorbents

surface. For the pH range of environmental water samples is

usually between 3.0 and 9.0, the effect of pH on adsorption

efficiency was studied by placing MWCNT-MNP at a concen-

tration of 1.5 mg mL�1 in contrast with a standard solution

containing the analytes at 100 mg L�1 in a buffer at pH 3.2 � 9.6

for 10 min. As can be seen from Fig. 7B, the adsorption effi-

ciency, which assessed the recovery of target analytes, peaked

near pH 6.1 while decreasing under other pH conditions. Espe-

cially, the lowest recoveries were obtained for all objectives when

sample pH was equal to 3.2 or 9.6. Thus the sample pH 6.1 was

used as the optimal pH of sample solution.

Desorption conditions. To find a suitable eluent, four different

common organic solvents (methanol, n-hexane, acetonitrile,

ethyl acetate; 2 � 2.5 mL for each solvent) were used as
Fig. 7 Effect of (A) the adsorbent amount, (B) solution pH, (C) desorption so

performance.

This journal is ª The Royal Society of Chemistry 2012
elution solvents to determine their impact on the recovery and

the results are shown in Fig. 7C. The experimental results

demonstrate that the four compounds could be eluted much

more easily by methanol. Therefore methanol was employed

for use.

Effect of shaking time. In the pre-concentration process,

shaking time was one of the prime factors influencing the target

analytes extraction. The analytes were hardly adsorbed without

a shaking process on the water samples. And 5 min was sufficient

to achieve complete adsorption. The recovery of the four ana-

lytes was all above 98%. Therefore a short shaking time of 5 min

was selected for adsorption, which enabled the targets to be

completely absorbed on the MWCNT-MNP (Fig. 7D).

Effect of sample volume. The sample volume is an important

parameter which reflects the analyte retaining ability of the

adsorbent. To investigate the influence of sample volume, sample

volume was changed in the range of 200–1000 mL with spiked

concentration of 100 mg L�1 for each of them. From the results

exhibited in Fig. 7E, it was found that no obvious variations of

the recovery (all above 85%) occurred when the sample volume

increased from 250 to 2000 mL for BPA, BPF, BADGE and

BFDGE. The results show that MWCNT-MNP could endure

large volumes of water. Hence a volume of 500 mL was chosen as
lvent, (D) shaking time and (E) volume of water sample on the extraction

Anal. Methods, 2012, 4, 291–298 | 295
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the final volume for the enrichment due to saving analysis time

and making the proposed method competitive.

Effect of extraction temperature. Effect of extraction temper-

ature profiles were conducted by increasing the temperature from

20 to 40 �C. The results indicated extraction temperature had no

significant influence on the extraction efficiency, thus

further extraction experiments were performed at room

temperature (25 �C).
Method validation

Linearity, limit of detection

Under the above optimized conditions, the calibration was

constructed by plotting peak area against concentration. Quan-

titative parameters such as linear range, calibration equations,

correlation coefficients and detection limits are summarized in

Table 2. It suggests that the present method has wide linear range

and satisfactory correlation coefficients (r2 > 0.995). The detec-

tion limits, which were calculated by using a signal-to-noise ratio

of 3, for BPA, BPF, BFDGE and BADGE are 0.001, 0.002, 0.06

and 0.05 mg L�1, respectively.
Comparison of the present new method with the reported work

Comparisons with reported work are given in Table 3. This new

method has the following merits: (a) After adsorption of analytes

from water samples, the sorbents can be collected conveniently

and rapidly with a magnet, which avoids the time-consuming

column passing or filtration operation; (b) the magnetic multi-

walled carbon nanotube sorbents possess high adsorption

capacity and rapid adsorption rates, so a low amount of sorbent
Table 2 Analytical parameters of the proposed method

Analytes
Linearity range
(mg L�1) Calibration equati

BPF 0.01–10 Y ¼ 630597x � 28
BPA 0.01–10 Y ¼ 548128x + 47
BFDGE 0.3–50 Y ¼ 643137x + 11
BADGE 0.1–50 Y ¼ 544221x + 64

Table 3 Comparison of reported work with the present work

Instrument
The method of
sample pretreatment

Gas chromatography-mass
spectrometry [8]

Liquid-liquid extraction
(80 g NaCl and laboratory-made
equipment needed)

Liquid chromatography-
fluorimetry [9]

Coacervative extraction
(60 mg decanoic acid used)

This work MWCNT-MNP SPE

296 | Anal. Methods, 2012, 4, 291–298
and short equilibrium time is required to extract analytes from

large volumes of water samples; (c) higher recoveries and lower

LODs were obtained for BPA, BPF, BADGE and BFDGE; (d)

the GC-MS/MS method was developed which allows the

confirmation of the presence of these compounds and the opti-

mization of the detector settings, which has improved the limit of

detection.

Precision, accuracy and recovery

The reproducibility of the method was determined by the intra-

day and inter-day precisions. Five extraction of a mixture sample

solution over a day gave the intra-day relative standard devia-

tions (RSDs) and the inter-day precision was evaluated by

extracting a mixture sample solution that has been independently

prepared for three days continuously. It is shown in Table 4 that

the results of the intra- and inter-assay showed good precision,

with RSD values less than 10%.

The recovery was measured by analyses of the spiked water

samples at three different concentration levels (low, middle and

high concentrations, the spiking levels ranged from 0.1 to

10 mg L�1) with five parallels at each level. Also as shown in Table

4, satisfactory recovery was obtained (88.5–115.1%) with the

proposed method.

Application to real samples

In order to validate the suitability of the developed method, it

was applied to detecting tap water and river water samples.

Results are outlined in Table 5. The results show that BPA, BPF,

BADGE, BFDGE were not detectable in tap and snow water

samples. Meanwhile trace levels of bisphenol-type compounds

were found in the river water samples (Fig. 8), with the recovery
ons
Correlation
coefficients (r 2)

Limits of detection
(mg L�1)

635 0.9951 0.002
912 0.9988 0.001
769 0.9999 0.06
173 0.9992 0.05

Analytes

Water
sample
(mL)

End
volume
(mL)

Recoveries
(%)

LOD
(mg L�1)

BPF 500 0.2 No data were
reported

0.02
BPA 0.006
BFDGE 0.13
BADGE 0.09
BPF 10.8 0.02 80–92 0.030–0.035
BPA
BFDGE
BADGE
BPF 500 1.0 88.5–115.1 0.002
BPA 0.001
BFDGE 0.06
BADGE 0.05

This journal is ª The Royal Society of Chemistry 2012
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Table 5 Results of determination and recoveries of real water samples spiked with target analytes a

Analytes

Tap water River water Snow water

Detected
(mg L�1)

Recoveries b

(%)
Detected
(mg L�1)

Recoveries
(%)

Detected
(mg L�1)

Recoveries b

(%)

BPF ND c 94.3 0.015 101.2 ND 98.2
BPA ND 88.9 0.056 99.1 ND 102.3
BFDGE ND 95.6 0.14 89.5 ND 99.4
BADGE ND 100.1 0.35 96.4 ND 85.4

a Mean of three determinations. b Standard deviation for three determinations. c Not detected.

Fig. 8 GC-MS/MS chromatogram of river water sample.

Table 4 Precisions (intra- and inter-assay) and recoveries of the proposed method

Analytes

Intra-day precisions (RSD%, n ¼ 5) Inter-day precisions (RSD%, n ¼ 5) Recovery (%, n ¼ 3)

0.1 mg L�1 1 mg L�1 10 mg L�1 0.1 m L�1 1 mg L�1 10 mg L�1 0.1 mg L�1 1 mg L�1 10 mg L�1

BPF 1.5 5.6 2.9 5.0 4.1 1.7 115.1 � 3.5 97.7 � 2.5 100.6 � 5.9
BPA 3.4 4.2 6.8 4.3 2.6 3.4 103.7 � 4.0 98.4 � 4.7 90.3 � 2.3
BFDGE 2.8 3.2 6.5 3.5 4.7 8.0 99.7 � 8.3 100.3 � 7.1 101.3 � 5.1
BADGE 5.9 4.4 5.6 4.5 5.6 2.9 88.5 � 6.4 89.6 � 1.8 102.4 � 4.6
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of 0.3 mg L�1 between 85.4–102.3%. Thus it was suitable for

analyzing the water samples.
Conclusion

In this work, anMWCNT-MNP composite has been successfully

prepared. A rapid, simple and efficient pretreatment of BPA,

BPF, BFDGE and BADGE using the obtained material as

a sorbent was accomplished based on magnetic separation.

Compared with the reported methods, the use of MWCNT-

MNP avoided the time-consuming column passing and filtration

steps after the extractions, simplified sample preparation proce-

dures, and showed great analytical potential in preconcentrating

large volume water samples.

The GC-MS/MS method was developed including MRM

analysis of both quantitation and confirmation ion pairs which
This journal is ª The Royal Society of Chemistry 2012
allow the confirmation of the presence of these compounds and

the optimization of the detector settings had improved the limit

of detection.

This new and confirmatory method was used to analyze BPA,

BPF, BFDGE and BADGE in water samples and satisfactory

results were obtained: High recovery (88.5–115.1%), low

detection limits (0.001–0.05 mg L�1), and good repeatability

(RSD < 10%).

All these results indicated that this study has proposed a rapid,

convenient, low-cost, and harmless to the environment method

to extract bisphenol-type compounds from water samples.
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