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Abstract
In this study, liquid-phase microextraction using low-density extraction solvents with microfunnel was applied for the 
extraction and preconcentration of Bisphenol A and 4-Nonylphenol in aqueous samples. The goal of the present method is to 
develop a special device that allows organic solvent remain on the surface of aqueous phase as a thin layer during the extrac-
tion time. At the end of extraction period, organic phase containing the extracted analytes was collected easily and analyzed 
by HPLC–FLD. Toluene used as extraction solvent and some of experimental parameters were optimized by L16 Taguchi 
experimental design. According to the results, the volume of extraction solvent as well as ionic strength showed significant 
effect on the extraction recovery. Under the optimum conditions (sample volume: 320 mL; pH 8.0; ionic strength: 10% (w/v) 
NaCl, extraction time: 90 min and extractant: 600 μL toluene), limit of detection, limit of quantification and dynamic linear 
range of the proposed method for Bisphenol A were calculated as 0.05, 0.2 and 0.2–62.5 μg L−1, and for Nonylphenol were 
obtained as 3.1, 6.2 and 6.2–125 μg L−1, respectively.
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Introduction

Bisphenol A (BPA) and Nonylphenol (NP) are carbon-based 
synthetic compounds with the chemical formula C15H16O2 
and C15H24O, respectively. BPA is a monomer that employed 
to make certain plastic, epoxy resins, polyesters and poly-
carbonates such as baby and water bottle [1, 2], food cans, 
vegetable packaging, paints, coating and building materials 
[3–6].

NP can be produced industrially, naturally and by the 
environmental degradation of alkylphenols ethoxylates. It 
is used in the manufacturing of antioxidants, lubricants, 
emulsifiers, dish and laundry detergents [7, 8].

Materials containing BPA and NP can be hydrolyzed at 
high temperatures or in acidic and basic situations. They 
enter into the environmental water and food chain and finally 
contaminate them [2–4, 9]. Thus, these materials have been 
attended from many years ago due to their estrogenic effects 
and are known as endocrine disrupting chemicals [10]. They 
called xenoestrogens, and caused some male/female diseases 
occur in human/animal body that can produce sexual dys-
function [4], hormone biosynthesis, metabolism, homeo-
static control problems, cancer, fertility problems thereupon 
as a result of decreasing count of sperm or reducing of sperm 
quality [11]. Finally, they can be found in placenta, breast 
milk, cord blood and amniotic fluid [3–6, 12].

Variety methods and techniques have been raised for 
determination of trace amount of BPA and NP including 
hollow fiber liquid-phase microextraction (HF-LPME) [10, 
13], liquid-phase microextraction (LPME) [10], headspace 
solid-phase microextraction (HD-SPME) [14], molecular 
imprinted solid-phase extraction (MISPE) [15], micelle-
mediated extraction [16], dispersive liquid–liquid microex-
traction (DLLME) [3, 7, 8, 11, 17–19] and ionic liquid-phase 
microextraction (ILPME) [8, 20].
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In regard to hazard of BPA and NP, it is necessary to 
improve determination methods for preparation and precon-
centration of them that be easy to do, have low consump-
tion of sample and extraction solvent, to be environmental 
friendly, fast in time, selective and sensitive with high pre-
concentration factor.

In 2012, Cabala et al. introduced bell-shaped extraction 
device (BSED) for preconcentration of volatile and semi-
volatile compounds in water samples with use of low-density 
organic solvent prior to GC/MS [21].

Saleh et al. extracted antifoulant agents (Irgarol 1015, 
diuron and its metabolite 3, 4-dichloroaniline) by a modified 
microfunnel device based on liquid-phase microextraction 
(MF-LPME) combined with HPLC–UV in seawater samples 
[22].

In 2017, Saleh et al. optimized and applied MF-LPME 
method for the determination of 2,4-dichlorophenoxyacetic 
acid (2,4-d) and 4-chloro-2-methylphenoxyacetic acid 
(MCPA) from natural water samples and good results were 
obtained [23].

In another study in 2019, microfunnel magnetic stirring-
assisted liquid–liquid microextraction (MF-MSA-LLME) 
in combination with flame atomic absorption spectrometry 
(FAAS) was successfully developed for the extraction and 
measurement of trace amounts of silver ion after chelate for-
mation with 1-(2-Pyridylazo)-2-naphthol (PAN) into octanol 
solvent [24].

MF-LPME has some advantages including easy opera-
tion, non-exhausting extraction method, efficient, sensi-
tive and low-cost method due to minimum consumption of 
extraction solvent and device, flexibility in extraction solvent 
volume (tens to hundreds µL) and use of less dense extrac-
tion solvent depend on the nature of the analyte.

In this study, we utilized MF-LPME for extraction and 
preconcentration of BPA and NP from aqueous samples. 
Due to special design of MF and the internal diameter of 
wide section of MF, extraction solvent can remain on the 
surface of water sample as a floating droplet during extrac-
tion time. So, the analytes are transferred from aqueous 
phase to organic phase. Also, it is possible to use a few to 
hundreds µL of organic solvent for extraction of analytes 
from sample volumes with hundreds of mL. At the end of 
the extraction period, organic phase containing analytes is 
collected easily, evaporated and then the extract is dissolved 
by proper solvent for next instrumental analysis.

Experimental

Reagents and materials

BPA and NP were purchased from Sigma-Aldrich (Mil-
waukee, WI, USA). Stock standard solutions of BPA and 

NP (1000 mg L−1) were prepared in HPLC grade methanol 
purchased from Samchun company (China). All standard 
solutions were stored in glasswares at 4 °C and far from 
light. The working standard solutions were prepared by 
diluting the stock solutions with double distilled water. 
Toluene, n-hexane, 1-hexanol and dichloromethane (DCM) 
were purchased from Merck (Darmstadt, Germany) and used 
as extraction solvents. Purified water with a Milli-Q ultra-
pure water purification system (Millipere, Bedford, MA, 
USA) was used in all steps of study. All materials including 
toluene, n-hexane, 1-hexanol, DCM and sodium chloride 
were used with analytical reagent grade and without further 
purification.

Instrumentation

Chromatographic separations were carried out on an Agi-
lent 1100 HPLC system (Wilmington, DE, USA) including 
a G 1379 A, micro vacuum degasser, a G 1312 A, binary 
pump, a G 1158 A, six-port two-position injection valve 
with a 100 µL sample loop and equipped with a fluores-
cence detector (FLD). The detection of BPA and NP was 
performed at λex = 230 to λem = 305 nm. Separations were 
carried out on a C18 column (250 mm × 4.6 mm × 5 µm) 
from Agilent company using mixture of water:acetonitrile 
(45:55) as mobile phase under flow rate of 1 mL min−1. The 
separations were occurred as gradient elution up to 3 min 
with water:acetonitrile (45:55) and after that the mobile 
phase composition change to water:acetonitrile (10:90). pH 
values of the solutions were measured using a Bante pH 
meter equipped to a combined glass electrode (China). The 
MF specification used in this study including size of wide 
part, narrow length and internal diameter of narrow part was 
selected as 27, 65 and 2 mm, respectively. An IKA magnetic 
stirrer (model C-MAG HS7, Wilmington, NC, USA) was 
used for agitation of samples.

MF‑LPME procedure

For MF-LPME, a 320 mL aqueous sample containing BPA 
and NP was introduced into a 350 mL glass vessel includ-
ing a small magnetic rod (0.5 × 1 cm) for agitation of sam-
ple solution. The vessel was placed on the surface of the 
magnetic stirrer for agitation of sample. The opening of the 
vessel was closed with the stopper and a laboratory made 
MF was passed through the stopper, in a way that wide part 
of MF contacted with aqueous solution (Fig. 1). During the 
extraction, the MF was tangent to the sample surface and 
600 µL toluene (as extraction solvent) was filled into the 
narrow part of MF using a 1 mL syringe (Hamilton, USA). 
After that the solution was stirred at 240 rpm for 90 min. 
Due to special design of wide part of MF, extraction solvent 
can remain on the surface of aqueous sample as a floating 
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drop during extraction time. So, the analytes were trans-
ferred to the extraction phase. After the extraction, MF was 
pushed into the aqueous solution so that the extraction sol-
vent moves toward narrow part of MF (Fig. 1). Extraction 
solvent containing analytes was collected using a 100 µL 
microsyringe (Hamilton, USA) and was poured into a glass 
micro-tube. The extraction solvent was evaporated by air 
purging. The residual in the bottom of the glass micro-tube 
was dissolved into 50 µL methanol and diluted by 100 µL 
distillated water. Finally, 100 µL of this solution was injected 
to HPLC–FLD for further analysis.

Results and discussion

In the MF-LPME, several factors can influence the extrac-
tion efficiency. To obtain a sensitive and highly reproduc-
ible extraction method, it is necessary to optimize each 
of these factors. The type of extraction solvent is one of 
the most important parameters that should be considered. 
The proper extraction solvent for the MF-LPME procedure 
should have less specific gravity than water to float on 
the surface of sample. Also, it must be immiscible with 
water and show high solubility for analytes as well as 
it should be compatible with the analytical instruments 
that is used for analyte determination. To find the best 
extraction solvent, toluene (d = 0.87 g mL−1), n-hexane 
(d = 0.65 g mL−1), 1-hexanol (d = 0.81 g mL−1) and mix-
ture of DCM/n-hexane (30:70) were examined as extrac-
tion solvent (Fig. 2). For this purpose, 320 mL of sample 
containing 31.25 µg L−1 of spiked analytes was extracted 
by 400 µL of each of the extraction solvent for 60 min. 
According to the results, toluene was the best solvent 
for this MF-LPME. Hexanol showed no extraction and 

n-hexane showed a little extraction respect to toluene 
(6.4%). Use of DCM improved the extraction efficiency 
and the 30:70 mixture of DCM/n-hexane showed lower 
extraction respect to toluene (97%).

In order to obtain the optimum conditions and to achieve 
the maximum extraction efficiency, Taguchi method as an 
orthogonal array design (OAD) was employed. In this 
study, an L16 (44) orthogonal array design was used to 
investigate the effects of four controllable factors including 
sample pH (2–8), ionic strength (0–20% w/v NaCl), extrac-
tion time (30–120 min) and solvent volume (100–600 μL) 
at four levels (Table 1). After obtaining the peak area for 
each experiment (each run), the average area (S/N value) 
was calculated for each factor and level.

In all optimization experiments, 320 mL sample con-
taining 31.25 µg L−1 BPA and NP and toluene as extrac-
tion solvent were applied.

Fig. 1   (1) Schematic of MF position based on LPME with applying low-density extraction solvent, (2 and 3) Schematic of collection extraction 
solvent containing analyte by Hamilton syringe

Fig. 2   Effect of extraction solvent type on the extraction efficiency. 
Conditions: 320 mL sample, 31.25 µg L−1 of analytes, extraction sol-
vent volume: 400 µL and stirrer rate: 240 rpm
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Effect of the extractant volume on the extraction 
efficiency

To study the effect of the extraction solvent volume on 
the MF-LPME method, four levels of toluene (100, 200, 
400 and 600 µL) was investigated. As the results have 
been shown in Figs. 3 and 4, by increasing the volume of 
extractant, more analytes were extracted. In higher vol-
umes of extractant, the usage of microfunnel is difficult 
and evaporation of organic solvent takes more times. So, 
600 μL of toluene was chosen as the optimum volume of 
extractant.

Effect of the extraction time on the extraction 
efficiency

Often more time helps to more transfer of analytes from 
aqueous phase to organic phase. Extraction times were 
investigated at the range of 30, 60, 90 and 120  min 
(Figs. 3, 4). According to the results, the best extraction 
has been occurred at 120 min for BPA and at 90 min for 
NP. With increasing the extraction time, the equilibrium 
between the aqueous and organic phases can be achieved. 
To avoid long time of extraction, 90 min was selected as 
the extraction time for further experiments.

Effect of the ionic strength on the extraction 
efficiency

The influence of the ionic strength is important since the 
presence of ionic species in solution can affect the mass 
transfer of analytes from the aqueous phase to the extract-
ant phase. So, the ionic strength was studied at 0, 5, 10 
and 20% (w/v) levels by addition of NaCl to the solution. 
As results show (Figs. 3, 4), presence of 10% NaCl was 
better for the extraction of NP and there is no egregious 
difference between responses of 10% and 20% for BPA. 
This observation can be related to the engagement of more 
water molecules in the hydration layer around the ionic 
species that reduces the amount of water molecules avail-
able to dissolve the analytes. This salting out effect will 
derive additional extractable analytes into the extractant. 
Higher concentrations of ionic species may reduce the 
extraction efficiency due to the enhancement of viscosity 
and density of the aqueous phase that reduces mass trans-
fer into the organic phase [25]. So, 10% NaCl was selected 
as the optimum ionic strength.

Table 1   The table of optimization according to the Taguchi orthogo-
nal array design

Run Extraction solvent 
volume (µL)

Extraction time 
(min)

pH Salt (%)

1 100 30 2 0
2 100 60 4 5
3 100 90 6 10
4 100 120 8 20
5 200 30 4 10
6 200 60 2 20
7 200 90 8 0
8 200 120 6 5
9 400 30 6 20
10 400 60 8 10
11 400 90 2 5
12 400 120 4 0
13 600 30 8 5
14 600 60 6 0
15 600 90 4 20
16 600 120 2 10

Fig. 3   Effect of extraction parameters on the extraction efficiency (or 
response) of BPA. Conditions: 320  mL sample, 31.25  µg  L−1 BPA 
and stirrer rate: 240 rpm

Fig. 4   Effect of extraction parameters on the extraction efficiency (or 
response) of NP. Conditions: 320 mL sample, 31.25 µg L−1 NP and 
stirrer rate: 240 rpm
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Effect of the sample pH on the extraction efficiency

The efficiency of the extraction process is directly related 
to the pH of the sample solution. BPA (pKa = 9.6–10.2) and 
NP (pKa = 10.7) should mainly exist in neutral form at pHs 
below 9.0 and they have nonpolar character [26]. There-
fore, they can be extracted into the organic extractants at 
pHs < 9.0. At pHs higher than 10, they exists as ionic forms 
that have greater solubility in sample. In order to study the 
effect of solution pH on the extraction efficiency, pH of sam-
ple was studied in the range of 2.0–8.0. According to the 
results (Figs. 3, 4), pH 2 and 8 are better than other levels 
for BPA and pH 8 is best for the NP. So, pH 8.0 was selected 
as optimum value for further studies.

The analysis of variance (ANOVA) which is useful sta-
tistical test in comparing three or more means were carried 
out. The results showed the order of percent contributions 
as 36.64% (salt effect) > 33.02% (solvent volume) > 19.82% 
(extraction time) > 6.47% (pH).

These results showed the importance of controlling the 
experimental parameters as their percent contribution.

Evaluation of figures of merit

Using figures of merit of each analytical method, it is pos-
sible to compare the efficiency of various methods with each 
other and also evaluate the ability of an analytical method 
for particular applications. To investigate the quantitative 
parameters of the proposed MF-LPME method for determi-
nation of BPA and NP, the figures of merit of this method 
was studied under the optimized experimental conditions 
(sample volume: 320 mL; pH 8.0; ionic strength: 10% (w/v) 
NaCl, extraction time: 90 min and extractant: 600 μL tolu-
ene) and the results were summarized in Table 2. The cali-
bration curves of BPA and NP were obtained without and 
after preconcentration by the proposed MF-LPME method. 
Direct calibration curves were obtained via 100 μL injection 
of 1.25–25 mg L−1 of mixed standards of BPA and NP into 
the HPLC–FLD system.

For evaluation of dynamic linear range (DLR), ten spiked 
standard samples of BPA and NP in the range of 0.1–150 µg 
L−1 were prepared. Each standard sample was extracted by 
the proposed MF-LPME method under the optimized condi-
tions, and the extractant was measured by HPLC. The limit 

of detection (LOD) and limit of quantification (LOQ) of the 
proposed method were calculated from CLOD = 3Sb/m and 
CLOQ = 10Sb/m that Sb is the standard deviation of five rep-
licate blank preconcentration and m is the slope of calibra-
tion graph after preconcentration. For blank measurements, 
distilled water was extracted by MF-LPME under optimum 
conditions.

Preconcentration factors were calculated with MF-
LPME of mixed solutions of BPA and NP (62.5 µg L−1of 
each analyte) under optimum conditions and were obtained 
via PF = Cf/Ci, where, Ci and Cf represent the initial and 
final concentrations of each analyte in aqueous and organic 
phases, respectively.

Also, extraction recoveries were calculated using Eq. 1 
with obtained PF values at 62.5 µg L−1 of each analyte.

where Vorg and Vaq represent the volumes of organic and 
sample phases.

A comparison between the figures of merit of the pro-
posed MF-LPME method with other methods reported in 
the literature for quantitative determination of BPA and NP 
in aqueous samples was summarized in Table 3. It clearly 
shows that our proposed method has good sensitivity and 
precision, wide linear dynamic range and low LOD in com-
parison with some of the other techniques.

Real sample analysis

To evaluate the applicability of the proposed MF-LPME 
method for the extraction of BPA and NP from aqueous real 
samples, Gachsar river water (Chalus, Iran) was investigated 
as a real sample. Firstly, the sample was extracted using 
proposed method and the results showed absence of these 
analytes in it. Secondly, in order to study the matrix effect, 
the sample of river water was spiked with 31.25 µg L−1 of 
each analyte. The accuracy and precision of the method were 
examined by extracting from 320 mL of river water under 
the optimum conditions and expressed as relative recovery 
percent. The results showed 30.0 and 26.1 µg L−1 for BPA 
and NP, respectively, which corresponded to 96.0 and 84.0% 
relative recovery.

(1)E% =
[

PF ×
(

Vorg∕Vaq

)]

× 100

Table 2   Figures of merit for the 
extraction of BPA and NP using 
the proposed method

a Preconcentration factor
b Extraction Recovery

Analyte Linearity LOD (µg L−1) LOQ (µg L−1) RSD % (n = 5) PFa ERb (%)

DLR (µg L−1) R2

BPA 0.2–62.5 0.9992 0.05 0.2 6.4 70.7 3.3
NP 6.2–125 0.9989 3.1 6.2 5.3 364.6 17.1
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Conclusion

In the present study, a liquid-phase microextraction 
method based on microfunnel device in combination with 
HPLC–FLD analysis was developed for extraction and pre-
concentration of Bisphenol A and 4-Nonylphenol from aque-
ous samples. This developed method was reasonable and 
safe due to the volume of organic extraction solvent, from 
tens to hundreds µL and it was convenient for the usage of 
low-density extraction solvent to extract analytes from the 
large volume of aqueous samples. Simplicity, low cost of the 
extraction device, minimum carryover and cross-contamina-
tion are the benefits of the proposed method.
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