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A rapid synergistic cloud point extraction for nine alkylphenols coupled with high performance liquid
chromatography and fluorescence detection was developed. The non-ionic surfactant polyethylene glycol
6000 (PEG 6000) was selected as the extractant. Acetonitrile was used as a revulsant and synergistic
reagent with Na,SO4 to lower the cloud point temperature of extractant to room temperature. These
two reagents allowed a cloudy solution to form without heating. The affecting factors were optimized by
multiple response optimization with a Box-Behnken design and the desirability function. The optimum
conditions found were PEG 6000, 4% (m/v); acetonitrile, 1.5mL; Na,SO4, 0.6 molL~"'; no pH adjustment
or bathing and dilution; centrifugation for 3 min at 3500 rpm and less 8 min for the throughout sample
pretreatment procedure. The extraction efficiencies of the nine alkylphenols ranged from 91.4% to 99.5%.
These values varied by less than 2.78% from those predicted by the multiple response optimization model.
Good linearity (r > 0.994) was obtained in the ranges of 0.6-200 ugL~! for eight alkylphenols and 1.8-
600 gL~ for nonylphenol. Simultaneously, the method showed low limit of detection (0.17-0.39 ugL-1)
and excellent repeatability at 50 ugL-! for eight alkylphenols and 150 ugL-! for nonylphenol (Intraday
and Interday of RSD <4.98%, n=6). The proposed method was successfully applied to determination of
the nine alkylphenols in environmental water samples with good recoveries (95.2-106%) and precision

values (RSD <5.51%, spiked two levels of 10 and 100 L of mixed standard, respectively).

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Sample preparation is a critical and essential step in the
overall analytical process, especially for analyzing trace com-
ponents in complex matrices. Various techniques such as hol-
low fiber liquid phase microextraction [1], solid-phase extraction
[2], solid-phase microextraction [3], magnetic solid-phase extrac-
tion [4], vortex-assisted liquid-liquid microextraction [5], in situ
ionic liquid-dispersive liquid-liquid microextraction [6], dispersive
liquid-liquid microextraction [7,8], single drop microextraction [9],
and cloud point extraction (CPE) [10] have been reported in the lit-
erature. Among these methods, CPE is an advanced and promising
pretreatment method that is relatively cost effective and environ-
mentally friendly, and it has been widely used and attracted in-
creasing attention in recent years [11,12]. In principle, CPE uses a
nonionic surfactant that can generate cloud point phenomenon and
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form micelles to extract the analyte into the surfactant-rich phase.
Clouding occurs when the concentration of the nonionic surfactant
is higher than its critical micelle concentration and the temper-
ature of the solution exceeds the cloud point temperature (CPT).
However, CPE is a laborious procedure that usually involves heat-
ing, incubation, separation, cooling, and dilution steps [13].

To improve and simplify traditional CPE, some improved CPE
methods have been established, such as ultrasound-assisted CPE
[14], microwave-assisted CPE [15], mixed-surfactant CPE [16], and
ion-pair CPE [17]. Unfortunately, these methods only accelerate the
heating step, and the other steps are just as long as in traditional
CPE. Another improved method, rapid synergistic cloud point ex-
traction (RS-CPE), was proposed by Wen et al. in 2011 [13]. In RS-
CPE, octanol works as a cloud point revulsant of the surfactant
and synergistic reagent for extraction, and directly decreases the
CPT of the surfactant to room temperature. Therefore, the sample
pretreatment time is reduced because no heating, incubation, or
cooling steps are required. As a simple and fast method, RS-CPE
has been applied to the extraction of various metals and drugs
and has proven to be an effective alternative pretreatment method
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[18-20]. However, the surfactant-rich phase obtained from RS-CPE
requires dilution before analysis because it is composed of the vis-
cous surfactant and octanol. Solving the issue of the high viscosity
of the surfactant-rich phase without requiring the extra dilution
step would simplify the sample preparation procedure and provide
a good preconcentration factor.

Acetonitrile (ACN) has been used extensively as an extractant
in various sample pretreatment methods, such as salting-assisted
liquid-liquid extraction [21] and the QUEChERS method [22], be-
cause of its good solubility and suitable polarity. ACN is less harm-
ful than the solvents employed in conventional liquid-liquid ex-
traction, such as chloroform, and is more favorable from a green
chemistry perspective [23]. Furthermore, ACN can affect the aggre-
gation behavior of the surfactant because it changes the hydropho-
bicity of the solvent [24]. In combination with a salt, ACN could
decrease the CPT and assist with extraction of the analyte. ACN
has not been used in any CPE approach to decrease the CPT. In ad-
dition, the low viscosity of ACN will directly dilute the surfactant-
rich phase to solve the issue with high viscosity mentioned above.
Therefore, ACN is an excellent choice for substitution of octanol in
RS-CPE.

In recent years, alkylphenols (APs) have attracted increasing at-
tention from researchers because of their wide-spread application
in the manufacturing industry, agriculture, and domestic consum-
ables, and their high toxicities [25]. APs have been found in vari-
ous matrices, including water. They are considered to be endocrine
disrupting chemicals, and nonylphenol (NP) and octylphenol (OP)
have been listed as priority pollutants by the US Environmental
Protection Agency. Therefore, it is important to have a sensitive,
accurate, and reliable analytical method for simultaneous determi-
nation of APs in water.

Development of such a method is a challenging task because
the molecular structures of APs only differ in the lengths of their
alkyl chains, and most APs have alkyl-chain isomers. To date, two
main analytical techniques, gas chromatography (GC) and high-
performance liquid chromatography (HPLC) have been widely used
for determination of trace APs [26,27]. APs usually need to be
derivatized for GC because of their low volatility. This step pro-
longs the sample preparation and can lead to sample loss. In this
regard, HPLC is superior to GC. Moreover, ACN is compatible with
HPLC and is commonly used as a mobile phase. Although HPLC has
high selectivity and sensitivity for APs, the direct determination of
trace APs either with complicated matrices or trace-level concen-
trations is still problematic [28].

The aim of this study was to develop a RS-CPE technique,
using ACN as a novel cloud point revulsant and synergistic
reagent, coupled to HPLC with fluorescence detection for simul-
taneous quantification of nine APs. The APs, 4-n-propylphenol
(4-n-Prop), 4-tert-butylphenol (4-t-BP), 4-n-amylphenol (4-n-AP),
4-n-hexylphenol (4-n-Hexp), 4-t-OP, 4-n-heptylphenol (4-n-HepP),
NP, 4-n-OP, and 4-n-NP were selected as target analytes because
they have not been included in many simultaneous quantifica-
tions and have not been extracted using RS-CPE. Multiple response
optimization based on the Box-Behnken design with the desir-
ability function was used to investigate and optimize the fac-
tors affecting the extraction. The analytical performance and ap-
plication of the method to environmental water samples were
investigated.

2. Material and methods
2.1. Chemicals and materials
Analytical standards of 4-n-ProP, 4-t-BP, 4-n-AP, 4-t-OP, 4-n-

HepP, NP, 4-n-OP, and 4-n-NP were purchased from Dr. Ehrenstor-
fer (Augsburg, Germany). 4-n-HexP and PEG 6000 were obtained

from Sigma-Aldrich (St. Louis, MO). Ultrapure water (resistivity
18.2 m cm~!) was prepared using a Millipore water purification
system (Milli-Q, Billerica, MA) and used in all experiments. ACN
(chromatographic grade) was obtained from Guangzhou Chemi-
cal Reagent Factory (Guangdong, China). Sodium sulfate (analytical
grade) was purchased from Jiangsu Qiangsheng Chemical Reagent
Co. Ltd. (Jiangsu, China). Before HPLC analysis, all solvents and so-
lutions were filtered through a membrane (pore size 0.45 um). All
other reagents were analytical grade or above.

A stock solution (1.0 mgmL~1) of each analyte was prepared by
dissolving the corresponding standard compound in ACN. The stock
solutions were stored at 4°C. A working standard solution mixture
was prepared each week by diluting and mixing the stock standard
solutions of the nine APs with ACN to obtain the required concen-
trations.

2.2. Instrumentation

A Shimadzu LC-20A HPLC system (Kyoto, Japan) equipped with
an automatic sampler and RF-10AXL fluorescence detector (Shi-
madzu) was used for detecting the nine APs. A Shim-pack VP-
ODS C18 column (250 mm x 4.6 mm, 4.6 + 0.3 um, Shimadzu) was
applied to separate the analytes. Phase separation was achieved
with a centrifuge (TG12Y, Hunan Xiangli Scientific Instrument Co.
Ltd., Hunan, China). The pH values were measured by a PHS-3C
precision pH meter (Shanghai Hongyi Instrument Co. Ltd., Shang-
hai, China). A roller incubator (QB-228, Kylin-Bell Lab Instrument
Co. Ltd., Haimen, China) was used to shake the samples. A F-
2500 fluorescence spectrophotometer (Hitachi High-Technologies
Corporation, Tokyo, Japan) was used to scan the optimum wave-
length for each AP. A U-3010 ultraviolet spectrophotometer (Hi-
tachi High-Technologies Corporation, Tokyo, Japan) was used to
measure the transmittance in different temperatures for calculating
CPT.

Design-Expert software (Version 8.0, Stat-Ease Inc., Minneapo-
lis, MN) was used for processing the data.

2.3. Sample preparation

Three river water samples were collected from the Guangzhou
River (Guangdong, China), two industrial waste water samples
were obtained from Guangzhou industries (Guangdong, China), and
a tap water sample was collected from our laboratory (Guang-
dong, China). To remove suspended impurities and avoid poten-
tial physicochemical transformation, all of the water samples were
filtered through 0.45 um membranes and adjusted pH values to
acidic range before storage in the refrigerator at 4°C [29].

2.4. RS-CPE procedure

An aliquot of the working solution containing the target an-
alytes (50 ugL-! for eight APs and 150 ugL~! for NP used in
the optimization) or 6.0 mL water sample was mixed with 2.0 mL
of a 20% (mass fraction) solution of PEG 6000, 0.85g of Na,SO,4
(final concentration of Na,SO4=0.6molL"!), and 1.5mL of ACN
in a 10.0mL conical centrifuge tube. The ultrapure water was
used to make the total volume of sample solution to 10.0 mL.
Then, the tube was vigorously shaken in the roller incubator for
5min until the solution became turbid. Next, centrifugation at
3500 rpm for 3 min was used to achieve separation into two pellu-
cid phases. The volume of the upper surfactant-rich phase obtained
was 2.00 & 0.05mL. The surfactant-rich phase was directly filtered
through a nylon membrane (pore size 0.45 um) and injected into
the HPLC system for the analysis of APs. The extraction procedure
is shown in Fig. 1.
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Fig. 1. The rapid synergistic cloud point extraction procedure.

2.5. The measurement of CPT

According to reference [30], the CPT was defined as the inter-
cept of the tangent of a transmittance-temperature curve at the
onset of turbidity (Fig. S1). Therefore, the transmittance was mea-
sured after 5min stabilization at different temperatures using UV-
vis spectrometry at 480 nm. And temperature program increases by
0.5°C each time.

2.6. Chromatographic analysis

HPLC was carried out using a mixture of ACN and ultrapure wa-
ter as the mobile phase. For the gradient elution, the proportion of
ACN was increased linearly from 65% to 85% (0-30min), then de-
creased to 65% within 1min, and the column was re-equilibrated
for 9 min. The column temperature was 30°C and the injection vol-
ume was 10.0 uL. The mobile phase flow rate was 1.0 mLmin~!,
The optimum wavelengths for excitation and emission were set at
225nm and 305 nm, respectively.

2.7. Calculation

The enrichment factor (EF) was defined as the ratio of slope of
calibration with and without RS-CPE. The extraction efficiency (EE)
was calculated as the percentage of analyte amount extracted into
the surfactant-rich phase [31].

2.8. Experimental design

A Box-Behnken design (BBD) was used as the experimental de-
sign. The PEG 6000 mass fraction concentration (x;), ACN volume
(x2), and Na,SO4 concentration (x3) were chosen as independent
factors, and the EEs of nine APs were selected as response vari-
ables in the study. The design included 17 experiments with five
central points and each factor was studied at three levels (Table
S1). A mathematical second-order polynomial model was applied
to identify all possible interactions of selected factors using regres-
sion analysis. The significance of each factor was analyzed statis-
tically by analysis of variance with a probability (p) of 0.05. The
desirability function was used to optimize multiple responses.

3. Results and discussion
3.1. Selection of experimental variables
Before the multiple response optimization, the effects of the

surfactant, pH, revulsant and synergistic reagent, and salt on the
EEs of nine APs were investigated using a univariate design.

3.1.1. Effect of the surfactant

The surfactant is a key reagent in the RS-CPE procedure. In our
previous work [10], the two linear chain non-ionic surfactants, Ter-
gitol 15-S-7 and PEG 6000 were screened as extractants, while Tri-
ton X-114 commonly used in CPE or RS-CPE would bring interfer-
ence due to a benzene ring in its molecule. The CPTs of Tergitol 15-
S-7 and PEG 6000 are approximately 37 and 100°C, respectively.
Considering that high CPT easily leaded to the loss of volatile com-
pound, Tergitol 15-S-7 was employed as the extractant in the de-
termination of 12 phenolic compounds for traditional CPE. How-
ever, PEG 6000 also is cheap, environmentally friendly, and eas-
ily biodegradable, which has high capability to dissolve significant
amounts of APs without fluorescence signal in the selected wave-
length region. Therefore, no extra operation was required to solve
the signal interference problem by using PEG 6000, which may re-
duce the sample pretreatment time and increase the repeatability
of method. Unluckily, PEG 6000 was used infrequently in CPE in
light of its high CPT. It is well known that RS-CPE can be imple-
mented at ambient temperatures by using the revulsant and syner-
gistic reagent. Therefore, PEG 6000 is a good candidate in RS-CPE.
Furthermore, PEG 6000 includes two hydrophilic polar head groups
at its both ends, while both Triton X-114 and Tergitol 15-S-7 are
consisted of a hydrophilic and hydrophobic head on their outside.
Their structures are listed in Fig. S2. PEG 6000 has a good solu-
bility and forms self-assembled vesicles which provide large inter-
faces for extraction of APs in aqueous solution [32, 33]. Then phase
separation occurred as a result of an increase of the hydrophobic-
ity due to the self-assembly with the assistance of salt and ACN
[34,35]. Consequently, APs may be extracted into surfactant-rich
phase mainly through hydrophobic interaction in the presence of
micelles. In addition, PEG 6000 may form H-bond with the APs
(the OH group in PEG 6000 works as a H-bond donor, while the
OH group in the APs is considered as a H-bond acceptor or vice
versa) and further assist with extraction [36]. Based on the above
reasons, PEG 6000 was selected for further development of the RS-
CPE method.

3.1.2. Effect of the pH

The sample pH also plays a crucial role in the RS-CPE process.
In this study, we investigated pH values between 2.0 and 12.0. No
significant changes in the EEs of the nine APs were observed with
changes in pH 2.0-9.0 (Fig. S3). The EEs were in decline above pH
9.0, and they dramatically decreased to 56.0-89.6% at 12.0. This
phenomenon can be explained by the existing chemical forms of
APs in different pH. All of the selected APs are weak acids and
their pKa values are around 10.0. According to the distribution co-
efficient (), below pH 9.0 (§y4 > 0.9), hydrophobic neutral species
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Fig. 2. The effect of ACN on CPT with 0.5molL~! Na,SO,.

of the APs were the dominant chemical forms which could be ex-
tracted into surfactant-rich phase. The ionic chemical form of a an-
alyte normally does not interact or bind as strongly as its neutral
chemical form with a nonionic surfactant [37]. The pH value of
PEG 6000 tested by our laboratory was 6.0. Therefore, the pH of
the solution obtained after mixing of the target analytes and PEG
6000 was in the acidic range. This meant that the APs remained
as neutral species. Compared the EEs obtained without buffer so-
lution with those adjusted pH (2.0-9.0), changes were not remark-
able. Therefore, a buffer solution was not required to control the
pH during the RS-CPE process.

3.1.3. Effect of the revulsant and synergistic reagent

To select a novel and good candidate as the revulsant and syn-
ergistic reagent, methanol, ethanol, and ACN were evaluated for
further simplifying the procedure of RS-CPE. In combination with
0.5molL~! Na,SO,4, methanol could not reduce the CPT to room
temperature and no turbidity was observed, while a large vol-
ume of surfactant-rich phase (3.0 mL) was formed by adding 3.0 mL
ethanol. Conversely, the CPT decreased with the increased volume
of ACN in combination with 0.5molL~! Na,SOy4, and was lowered
to 15°C by applying 1.4 mL ACN (Fig. 2). What's more, a smaller
volume of surfactant-rich phase (1.5mL) was produced in com-
parison of ethanol. Especially, it needs to be mentioned that the
ACN has low viscosity and can directly reduce the viscosity of the
surfactant-rich phase. Thus, the proposed RS-CPE cut off four main
laborious steps (heating, incubation, cooling and dilution) includ-
ing in traditional CPE or the proposed RS-CPE, and only needed
few minutes for the whole procedure. In addition, ACN was used
as a mobile phase in this study, and would be more compatible
with HPLC than ethanol. Hence, ACN was used in subsequent ex-
periments.

3.14. Effect of the salt

Usually, addition of an appropriate electrolyte can change the
CPT of a non-ionic surfactant and facilitate phase separation be-
cause of salting-in and salting-out effects. Different salts have dif-
ferent effects on CPE system [38]. Three commonly used salts
(NaCl, Na,COs3, and Na,SO,4) were investigated in this study. With
the assistant of 1.5mL ACN, 0.5molL~! Na,COs, or Na,SO,4 could
effectively and quickly reduce the CPT of PEG 6000 to room tem-
perature, but 2.5molL-! NaCl was needed to produce turbidity.
Furthermore, among these salts, Na,SO4 obtained the highest EEs
(Fig. 3). These results could be attributed to the charge density,
anion effect and pH of salt solution. The singly charged ClI~ has

100.0

75.0 s Na,CO,
§ @ NaCl
g 0 - NaSO,

analytes

Fig. 3. The effect of salts on the extraction efficiencies of nine alkylphenols. The
amount of salt used is 0.5molL~" Na,CO3, 0.5molL~! Na,SO4 and 2.5mol L-! NaCl.
Reaction conditions: 4% (mass fraction) PEG 6000 and 1.5 mL of acetonitrile.

lower charge density and weaker interaction with water molecules
than multiply charged CO3%2~ or SO4%~. Following the Hofmeis-
ter series (SO42~ ~C032~ >Cl~), CO32~ and SO4%~ have strong
salting-out effects leading to the increasing aggregation number
of micelle and the efficient phase separation [39]. Therefore, both
Na,CO3 and Na,SO4 were capable to bring cloudy phenomenon
faster at relatively lower concentration. However, Na,S04 and NaCl
are neutral salts, while Na,CO5 is a weak acid salt. The pKa;
and pKa, of CO32~ are 6.38, 10.25, respectively. The pH value of
0.6 molL~! Na,COj3 solution is around 12.0. Hence, addition of the
same Na,CO3; amount significantly altered the pH of the no buffer
solution, which hindered extraction of the APs because they were
ionized and became more hydrophilic. Therefore, Na,SO4 was se-
lected for subsequent experiments.

3.2. Box-Behnken design model and analysis of variance

3.2.1. Analysis of the model

The effects of the xq, x5, and x3 on the EEs of the nine APs were
further optimized using a BBD. All of the R? were greater than
0.991 and the associated p-values were less than 0.0001 (Table 1).
The results indicated that the fitted models were significant and
could explain more than 99.1% of the variation. All of the differ-
ences between the adjusted and predicted R? were within 0.1, im-
plying that good statistical models were obtained. The lack of fit
values were insignificant (p > 0.05), which was further evidence
that the quadratic models were reliable. The final quadratic equa-
tions in terms of actual factors are given in Table S2. All the p-
values of the quadratic model terms were lower than 0.01, which
meant that the linear terms (x;, x», and x3), interaction terms
(x1x2, X1x3, and X;x3) and quadratic terms (x12, x»2, and x32)
were significant for the EEs of APs.

3.2.2. Analysis of response surfaces

Three-dimensional response surface plots were obtained using
Design-Expert for observing the effect of two independent vari-
ables at a time, while keeping the other variable at the central
level (Fig. 4). The nine APs showed similar trends for changes in
the EEs (Fig. S4). Below, 4-n-ProP is used as an example to discuss
the results.

There were clear maxima in the response surface plots, indi-
cating that the optimum condition was within the studied range.
The mass fraction of PEG 6000 was clearly a significant factor
(Fig. 4A; and 4B;). At the 2.0% mass fraction of PEG 6000, the EE
was very low because there was not sufficient surfactant to quanti-
tatively extract analytes from the aqueous solution. Therefore, the
EE increased with increases in the PEG 6000 mass fraction. The
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Table 1
Adequacy of the model for the alkylphenols.
Model Lack of Fit
Analytes R? R2 i R? Y —
v F value p-value adj pred F value p-value

4-n-ProP 356 <0.0001 0.998 0.995 0.978 1.95 0.264
4-t-BP 462 <0.0001 0.998 0.996 0.981 2.79 0.174
4-n-AP 425 <0.0001 0.998 0.996 0.984 1.25 0.403
4-n-HexP 615 <0.0001 0.999 0.997 0.986 2.57 0.192
4-t-OP 237 <0.0001 0.997 0.992 0.969 1.57 0.328
4-n-HepP 475 <0.0001 0.998 0.996 0.988 0.850 0.535
NP 290 <0.0001 0.997 0.994 0.973 1.85 0.279
4-n-OP 136 <0.0001 0.994 0.987 0.943 1.90 0.270
4-n-NP 87.0 <0.0001 0.991 0.980 0.881 6.10 0.060

EE (%)
EE (%)

EE (%)

Fig. 4. Response surface plots for the effects of (A) PEG 6000 (%, mass fraction)/ ACN (mL), (B) PEG 6000 (%, mass fraction)/ Na;SO4 (molL-1), and (C) ACN (mL)/ Na;SO4
(molL-1) on the extraction efficiencies of 4-n-propylphenol.
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Table 2
Analytical performance for the alkylphenols.
Regression equation A= LOD LOQ RSD?(%) RSD(%)
-1 -1 -1

Analytes Range (1gl™) (a+5D) G+ (b+5D) r (ngl™)  (ugl™) Intra-day Inter-day Intra-day Inter-day

4-n-ProP 0.6-200 A= (44,645 +758.5) C- 0.999 0.17 0.56 491 4.64 1.55 2.66
(3062.5 +298.2)

4-t-BP 0.6-200 A= (42,956 +347.5) C- 0.999 0.18 0.61 4.37 4.80 1.72 2.33
(3540.7 +352.2)

4-n-AP 0.6-200 A= (41,298 +523.5) C- 0.999 0.19 0.62 2.35 433 1.80 2.79
(1084.2 + 87.70)

4-n-HexP 0.6-200 A= (41,029 + 862.5) C+ 0.994 0.18 0.60 3.35 3.70 3.10 2.46
(59,189 +775.3)

4-t-OP 0.6-200 A= (36,155 +527.5) C- 0.999 0.20 0.67 4.98 4.18 2.78 3.12
(1529.5+177.7)

4-n-HepP 0.6-200 A= (36,455 +567.5) C+ 0.998 0.20 0.68 2.67 433 291 1.55
(121,763 +483.5)

NP 1.8-600 A= (19,162 + 864.0) C- 0.997 0.39 1.30 2.10 2.81 2.17 2.37
(3112.7 +297.1)

4-n-OP 0.6-200 A= (40,554 +460.5) C- 0.998 0.19 0.63 345 4.50 2.24 3.47
(14,232 +537.9)

4-n-NP 0.6-200 A= (33,534 +561.0) C- 0.998 0.20 0.68 4.21 4.68 3.44 3.45
(14,635 +492.7)

a1 ugL-! for eight APs, 3 ugL-! for NP.
b 50 ugL-! for eight APs, 150 ugL~! for NP, n=6.

EE improved as the volume of ACN rose, too (Fig. 4A; and 4Cy).
The optimum PEG 6000 mass fraction was 4% and the optimum
ACN volume was 1.5 mL, while the volume of surfactant-rich phase
was 2.00 (+0.05) mL. With the PEG 6000 and ACN adding, the
surfactant-rich phase volume increased. Therefore, when the mass
fraction of PEG 6000 and the volume of ACN were above the op-
timum values, the preconcentration factor decreased, and the EE
did not increase any further. At the optimum values of ACN and
PEG 6000, as the concentration of Na,;SO4 increased, the EE also
increased (Fig. 4B; and 4C;). These results showed there were in-
teractions among the three factors.

In this study, despite ACN is infinitely miscible with water,
water-ACN mixtures exhibit microheterogeneity at the molecu-
lar level, in which the solution was considered to separate into
the hydrophobic regions of ACN and hydrophilic regions of wa-
ter [40]. Furthermore, ACN has a low solubility in a saline solu-
tion and can form two clear layers after phase separation due to
salting-out effect [41]. Therefore, ACN may be dissolved in the hy-
drophobic micelles and adsorbed at the micelles surface facilitat-
ing the micellar aggregation and the depression in the cloud point
[39,42]. Consequently, ACN in combination with salt can lower the
CPT of PEG 6000 to ambient temperature. Furthermore, ACN has
good solvability for analytes [43]. When it separated from wa-
ter, ACN also extracted most of APs into micelles and could be
synergetic for the extraction. We also observed that phase sep-
aration or clouding couldn’t occur in the absent of any kind of
reagents among PEG 6000, Na,SO4 and ACN in the room temper-
ature. This might be interpreted that once forming the micelle, it
would enhance the salting-out effect in return. As a result, using
less reagent could obtain a good extraction effect. Therefore, it was
necessary to determine the best compromise using the desirability
function.

3.3. Optimization using the desirability function and confirmation
experiments

The final quadratic equations given in Table S2 also revealed
that three factors simultaneously affected the EEs of nine APs.
Therefore, a multiple response optimization was performed to find
out the optimal point as a compromise for the EEs of nine APs us-
ing the desirability function approach. Table S3 shows the details
of the optimization procedure. The EEs of the nine APs were of
equal importance and the goal was to obtain the maximum re-

sponse. As a result, the optimum values were 4.03% PEG 6000,
1.54mL of ACN, and 0.60 molL~! Na,SO,. Under these conditions,
the predicted EEs of the nine APs ranged from 93.8 to 102%. For
simplicity, the PEG 6000 mass fraction was adjusted to 4.0% in the
verification test. Consequently, the experimental EEs for nine APs
ranged from 91.4 to 99.5%, which varied by less than 2.78% from
the predicted values.

3.4. Analytical performance

After the multiple response optimization, the analytical charac-
teristics of RS-CPE including the linearity range, correlation coef-
ficient (r), limit of detection (LOD), limit of quantification (LOQ)
and precision were investigated (Table 2). The weighted linear cal-
ibration curves were established by plotting the measured peak ar-
eas (A) versus the concentrations of APs (C, weighting factor 1/C).
The linear ranges of the calibration curves were between 0.6 and
200 ugL-! for eight APs and 1.8-600 ugL-! for NP with excellent
linearity (r >0.994). High calibration curve slopes were obtained
in this study, which illustrated the sensitivity of the method for
nine APs. The LODs and LOQs were calculated at signal-to-noise
ratios of 3 and 10, respectively. The range for the LODs was 0.17-
0.39 gL', and the LOQs ranged from 0.56 to 1.30 ugL~!. The
precision of the method was evaluated using relative standard de-
viations (RSDs) obtained by spiking six replicates of ultrapure wa-
ter with the mixed standard (1 and 50 ugL-! for eight APs, 3 and
150 wg L1 for NP). The intra- and inter-day precisions ranged from
of 1.55-4.98%, which indicated the method has acceptable preci-
sion. Overall, the proposed method for determination of the nine
APs has good analytical characteristics. In addition, the calibration
curves obtained by HPLC-FLD without RS-CPE were provided in the
supplementary (Table S4), which were used to calculate the EEs
of nine APs. Under the optimum conditions, the EEs of the nine
APs were 91.4-99.5%, which highlighted the good extraction per-
formance of the RS-CPE method.

3.5. Application

The applicability and reliability of the method for real samples
were investigated using six environmental water samples (Table 3).
No APs were found in sample 4 collected from our laboratory tap
water. Several target analytes such as 4-n-Hexp and 4-n-HepP were
detected in sample 1 to sample 3 obtained from river water in
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Table 3
Analysis of water samples and recoveries.

Add Recoveries (%)+SD (n=3)
Analytes
(nug L) Samplel Sample2 Sample3 Sample4 Sample5 Sample6
4-n-ProP 0 < LOD < LOD < LOD < LOD < LOD 0.680* £0.01
5 105+2 101 +1 101+1 104+3 103+3 105+2
50 96.3+0.1 102+0.9 101+0.2 99.7+1 102+1 101+1
4-t-BP 0 < LOD < LOD < LOD < LOD 2.42*+£0.07 < LOD
5 105+5 105+2 105+0.08 103+2 102+3 98.7+1
50 953+0.3 101+1 101+0.5 98.0+2 102+0.9 102+£0.6
4-n-AP 0 < LOD < LOD < LOD < LOD 1.24* +0.002 < LOD
5 103+0.5 102+0.9 104+0.5 101+2 96.4+3 95.6+3
50 96.6+0.8 101 +0.1 104+0.2 97.2+0.6 102+0.9 100+1
4-n-HexP 0 3.46* +£0.01 < LOD < LOD < LOD < LOD < LOD
5 100+3 101+0.5 102 +0.7 101+£2 98.6+1 101+£2
50 98.7+0.7 101 +1 104+2 101+2 103+2 99.2+1
4-t-OP 0 < LOD < LOD < LOD < LOD < LOD 0.722* £0.01
5 104+4 103+2 104+0.9 102+0.5 102+0.4 99.4+04
50 98.1+0.5 103+0.1 102+0.2 101+2 102+0.7 98.9+0.3
4-n-HepP 0 < LOD 2.56" +£0.03 4.60* +0.02 < LOD < LOD 245 £0.02
5 994 +1 103+3 103 +1 101+2 103 +4 10142
50 999+3 104+04 103 +£0.07 102+2 100+1 956+1
NP 0 < LOD < LOD < LOD < LOD 4.38*+0.1 < LOD
15 101+£0.2 102+0.4 104+1 103 +£0.5 105+4 101+3
150 102+1 103+0.08 102 +0.06 101+2 100+1 97.0+0.6
4-n-OP 0 < LOD < LOD < LOD < LOD < LOD 1.36* +0.02
5 103+1 105+3 106 £2 101+1 105+2 101+£3
50 97.0+0.6 102 +0.04 103+1 100+2 103+0.6 100+0.8
4-n-NP 0 < LOD < LOD < LOD < LOD < LOD 5.25*+£0.1
5 104 +£0.6 106 £6 101+3 102+2 100+1 103+3
50 102+2 106 £0.07 104+3 103+1 105+3 103 +1
* means the blank sample concentration (ugL™").
uV(x100,000)
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Fig. 5. Typical chromatograms of water samples after rapid synergistic cloud point extraction. blank water sample (C), water sample spiked with 5 ugL-! for eight APs and
15 ugL-! for NP of the mixed standard (B), and water sample spiked with 50 ugL~! for eight APs and 150 ugL~! for NP of the mixed standard (A). The detection wavelength

was Aex =225nm and Aem =305nm.

the range of 2.56-4.60 ugL~!, while 4-n-prop, 4-t-BP, 4-n-HepP,
4-n-NP were detected in sample 5 and sample 6 obtained from
industrial waste water in the range of 0.68-5.25 ugL~!. Some re-
searchers also had found APs at various concentration in effluents
and river. Kyoung-Woong Kim et al. found 4-n-Hexp, 4-t-BP, 4-t-OP,
4-n-HepP, 4-n-OP, and NP at the concentration of 29.0-399 ugL~!
in the treatment effluents and river waters, Korea [44]. Ru Chen
et al. found NP at the concentration of 0.81-3.36 ugL~! in the
runoff outlets of the Pearl River Delta, while OP was detected in
0.09-0.58 ugL~1 [45]. In this study, the recoveries of the spiked
concentrations (5 and 50 ugL-! for eight APs, 15 and 150 ugL~!
for NP) of mixed standard in water samples ranged from 95.2 to
106% (RSD < 5.51%). Example chromatograms of an industrial waste
water sample before and after spiking are shown in Fig. 5. No large
interfering peaks were detected around the retention times of the

target compounds, which was evidence that the sample matrix did
not greatly affect the RS-CPE results.

3.6. Comparison of RS-CPE-HPLC-FLD with other methods

Table 4 shows comparisons among the analytical parameters of
the developed method and previous methods [46-48]. Compared
with previous methods for the extraction of APs, the advantages
of the developed method were (i) quick and simple operation, the
proposed method required less time (8 min for the whole sam-
ple pretreatment) than other methods. Furthermore, the reagents
used in this method are commercial, cheap and available. Inversely,
some methods (e.g. MSPE) need special extracted materials that
usually spend several hours for preparation; (ii) high extraction ef-
ficiency and high sensitivity, the EEs of nine APs were higher than
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Table 4

Comparison of the introduced method with other extraction techniques used for the determination of APs.

Methods Analytes Matrix Consumingtime LODs (ug L~') EEs/EFs Refs.

HF-LPME-UHPLC-MS 4-t-OP, NP water 30 min - 48.0%/800 [1]

SPME-HPLC-DAD 4-t-OP, 4-n-OP, 4-n-NP water >15 min 0.5-3.3 - [3]

MSPE-LC-MS/MS NP, OP water >10 min 1.5 - [4]

VALLME-HPLD-FLD NP, OP water 6 min 0.01-0.07 - [5]

IL-DLLME-HPLC-UV 4-t-BP, 4-t-OP, NP, OP seawater, Industrial 9 min 0.8-4.8 12.9-91.7/140-989 [6]

effluent

MSPE-DLLME-HPLC 4-t-OP, NP water >20 min 0.010 - [7]

MSPE-GC-MS 4-t-BP, 4-n-AP baby food >30 min 0.02-0.08 16.3-79.7%/49-239 [27]
4-n-HexP, 4-t-OP, 4-n-OP, NP

CPE-HPLC-UV 4-n-ProP, 4-t-BP, 4-t-OP, seawater >40 min 0.28-1.17 -142.7 [46]
4-n-NP

SPE-HPLD-FLD NP, OP soft drink 50 min 0.1 - [47]

SDME/DLLME-HPLC-UV  4-t-BP, NP, OP seawater 10-60 min 0.2-1.6 85.5-119/44-275 [48]

RS-CPE-HPLC-FLD 4-n-ProP, 4-t-BP, 4-n-AP, water 8 min 0.18-0.42 >93.4%[4.7-5.0 this work

4-n-HexP, 4-t-OP, 4-n-HepP,
NP, 4-n-OP, 4-n-NP

HF-LPME: hollow fiber liquid phase microextraction; MSPE: magnetic solid phase extraction; SPME: solid-phase microextraction; VALLME : vortex-assisted liquid-liquid

microextraction; DLLME: dispersive liquid-liquid microextraction.

91.4%. Although it got a low enrichment factor because of its high
critical micelle concentration (1.8% mass fraction), its LODs were
still better than or similar to other methods e.g. SPME-HPLC-DAD,
LPME-HPLC-FLD. To increase enrichment factor, maybe other non-
ionic surfactants with lower critical micelle concentration and CPT
should be selected. Then, less volume of ACN will be needed, and
subsequently smaller volume of the surfactant-rich phase could be
obtained. Future research will be focused on selecting an alterna-
tive surfactant in an attempt to improve their enrichment factor.

4. Conclusions

In this paper, RS-CPE using the nonionic surfactant PEG 6000
as the extractant, Na,SO4 as a salting-out reagent, and ACN as a
revulsant and synergistic reagent was developed for simultaneous
extraction and preconcentration of nine APs from water samples.
The high CPT of PEG 6000 was directly reduced to ambient tem-
perature at the presence of ACN and salt. Owing to the assistance
of ACN, high efficiencies are achieved for nine APs. The proposed
method is simple, sensitive, time-saving, economical and environ-
ment friendly. At the same time, it shows great potential in the
extraction of APs from environmental samples.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgments

This work was supported by the Science and Technology Infras-
tructure Development Program of Guangdong, China (grant num-
bers 2014A040401085 and 2016A020226019). In addition, we thank
Gabrielle David, PhD, from Liwen Bianji, Edanz Group China (www.
liwenbianji.cn/ac), for editing the English text of a draft of this
manuscript.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.chroma.2019.460606.

References

[1] N. Fabregat-Cabello, ].V. Sancho, A. Vidal, EV. Gonzalez, A.F. Roig-Navarro, De-
velopment and validation of a liquid chromatography isotope dilution mass

spectrometry method for the reliable quantification of alkylphenols in envi-

ronmental water samples by isotope pattern deconvolution, J. Chromatogr. A

1328 (2014) 43-51.

H. Dong, X. Zeng, W. Bai, Solid phase extraction with high polarity Carb/PSA

as composite fillers prior to UPLC-MS/MS to determine six bisphenols and

alkylphenols in trace level hotpot seasoning, Food Chem 258 (2018) 206-213.

I. Pacheco-Fernandez, A. Najafi, V. Pino, J.L. Anderson, J.H. Ayala, A.M. Afonso,

Utilization of highly robust and selective crosslinked polymeric ionic liq-

uid-based sorbent coatings in direct-immersion solid-phase microextraction

and high-performance liquid chromatography for determining polar organic

pollutants in waters, Talanta 158 (2016) 125-133.

Y. Jia, H. Su, Y.LE. Wong, X. Chen, TW. Dominic Chan, Thermo-responsive

polymer tethered metal-organic framework core-shell magnetic microspheres

for magnetic solid-phase extraction of alkylphenols from environmental water

samples, J. Chromatogr. A 1456 (2016) 42-48.

E. Yiantzi, E. Psillakis, K. Tyrovola, N. Kalogerakis, Vortex-assisted liquid-liq-

uid microextraction of octylphenol, nonylphenol and bisphenol-A, Talanta 80

(2010) 2057-2062.

[6] J. Lopez-Darias, V. Pino, J.H. Ayala, A.M. Afonso, In-situ ionic liquid-dispersive
liquid-liquid microextraction method to determine endocrine disrupting phe-
nols in seawaters and industrial effluents, Microchim. Acta 174 (2011) 213-222.

[7] X. Xie, X. Ma, L. Guo, Y. Fan, G. Zeng, M. Zhang, ]. Li, Novel magnetic multi-

-templates molecularly imprinted polymer for selective and rapid removal and

detection of alkylphenols in water, Chem. Eng. ]. 357 (2019) 56-65.

M. Mignot, M. Nagels, S. Poelmans, A. Kensert, J. Dries, LR. Dewi, D. Cabooter,

Fast liquid chromatography-tandem mass spectrometry methodology for the

analysis of alkylphenols and their ethoxylates in wastewater samples from the

tank truck cleaning industry, Anal. Bioanal. Chem. 411 (2019) 1611-1621.

M. Li, C. Gu, L. Luo, J. Zhou, J. Liu, F. Zheng, Determination of trace methane-

sulfonates in drug matrix using derivatization and headspace single drop mi-

croextraction followed by high-performance liquid chromatography with ultra-

violet detection, J. Chromatogr. A 1591 (2019) 131-137.

[10] X. Luo, H. Zheng, Z. Zhang, M. Wang, B. Yang, L. Huang, M. Wang, Cloud point
extraction for simultaneous determination of 12 phenolic compounds by high
performance liquid chromatography with fluorescence detection, Microchem. J.
137 (2018) 148-154.

[11] J. Giebultowicz, G. Kojro, K. Bus-Kwasnik, PJ. Rudzki, R. Marszalek, A. Les,
P. Wroczynski, Cloud-point extraction is compatible with liquid chromatogra-
phy coupled to electrospray ionization mass spectrometry for the determina-
tion of bisoprolol in human plasma, J. Chromatogr. A 128 (2015) 39-46.

[12] V.S. Souza, LS.G. Teixeira, M.A. Bezerra, Application of multivariate designs
in the development of a method for vanadium determination in natural wa-
ters by HR-CS GF AAS after cloud-point extraction, Microchem. J. 129 (2016)
318-324.

[13] X. Wen, L. Ye, Q. Deng, L. Peng, Investigation of analytical performance for
rapidly synergistic cloud point extraction of trace amounts of copper combined
with spectrophotometric determination, Spectrochim. Acta. A Mol. Biomol.
Spectrosc. 83 (2011) 259-264.

[14] P. Trivedi, J.K. Kumar, A.S. Negi, K. Shanker, HPLC method development and
validation of cytotoxic agent phenyl-heptatriyne in Bidens pilosa with ul-
trasonic-assisted cloud point extraction and preconcentration, Biomed. Chro-
matogr. 25 (2011) 697-706.

[15] ]J.I. Cacho, N. Campillo, P. Vinas, M. Hernandez-Cordoba, Cloud point extraction
and gas chromatography with direct microvial insert thermal desorption for
the determination of haloanisoles in alcoholic beverages, Talanta 160 (2016)
282-288.

[16] ]. Zhou, ].B. Sun, X.Y. Xu, Z.H. Cheng, P. Zeng, F.Q. Wang, Q. Zhang, Application
of mixed cloud point extraction for the analysis of six flavonoids in apocynum
venetum leaf samples by high performance liquid chromatography, J. Pharm.
Biomed. Anal. 107 (2015) 273-279.

[2

[3

(4

[5

8

[9


http://www.liwenbianji.cn/ac
https://doi.org/10.1016/j.chroma.2019.460606
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0001
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0001
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0001
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0001
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0001
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0001
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0001
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0002
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0002
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0002
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0002
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0003
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0003
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0003
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0003
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0003
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0003
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0003
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0004
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0004
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0004
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0004
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0004
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0004
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0005
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0005
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0005
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0005
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0005
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0006
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0006
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0006
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0006
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0006
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0007
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0007
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0007
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0007
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0007
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0007
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0007
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0007
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0008
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0008
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0008
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0008
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0008
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0008
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0008
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0008
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0009
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0009
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0009
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0009
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0009
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0009
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0009
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0010
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0010
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0010
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0010
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0010
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0010
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0010
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0010
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0011
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0011
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0011
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0011
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0011
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0011
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0011
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0011
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0012
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0012
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0012
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0012
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0013
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0013
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0013
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0013
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0013
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0014
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0014
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0014
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0014
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0014
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0015
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0015
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0015
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0015
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0015
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0016
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0016
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0016
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0016
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0016
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0016
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0016
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0016

X. Luo, J. Hong and H. Zheng et al./Journal of Chromatography A 1611 (2020) 460606 9

[17] R. Heydari, N.S. Elyasi, lon-pair cloud-point extraction: a new method for the
determination of water-soluble vitamins in plasma and urine, ]J. Sep. Sci. 37
(2014) 2724-2731.

[18] L. Chen, Z. Lei, S. Yang, X. Wen, Application of portable tungsten coil elec-
trothermal atomic absorption spectrometer for the determination of trace
cobalt after ultrasound-assisted rapidly synergistic cloud point extraction, Mi-
crochem. J. 130 (2017) 452-457.

[19] R. Rahnama, M. Najafi, The use of rapidly synergistic cloud point extraction
for the separation and preconcentration of trace amounts of Ni (II) ions from
food and water samples coupling with flame atomic absorption spectrometry
determination, Environ. Monit. Assess. 188 (2016) 150.

[20] J. Zhou, ].B. Sun, Q.F. Wang, Determination of isoquercitrin in rat plasma by
high performance liquid chromatography coupled with a novel synergistic
cloud point extraction, ]. Chromatogr. B Analyt. Technol. Biomed. Life Sci. 1072
(2018) 136-141.

[21] S. Magiera, E. Kwietniowska, Fast, simple and efficient salting-out assisted liq-
uid-liquid extraction of naringenin from fruit juice samples prior to their enan-
tioselective determination by liquid chromatography, Food Chem 211 (2016)
227-234.

[22] ]. Zhou, ]J. Xu, .M. Cong, Z.X. Cai, ].S. Zhang, J.L.. Wang, Y.P. Ren, Optimization
for quick, easy, cheap, effective, rugged and safe extraction of mycotoxins and
veterinary drugs by response surface methodology for application to egg and
milk, J. Chromatogr. A 1532 (2018) 20-29.

[23] M. Amid, Y. Manap, F. Azmira, M. Hussin, ZI. Sarker, A novel liquid/liquid
extraction process composed of surfactant and acetonitrile for purification
of polygalacturonase enzyme from Durio zibethinus, ]. Chromatogr. B Analyt.
Technol. Biomed. Life Sci. 993-994 (2015) 1-8.

[24] R. Gopi, N. Ramanathan, K. Sundararajan, Acetonitrile-water hydrogen-bonded
interaction: matrix-isolation infrared and ab initio computation, J. Mol. Struct.
1094 (2015) 118-129.

[25] S. Jeon, S. Hong, B.O. Kwon, J. Park, S.J. Song, J.P. Giesy, ].S. Khim, Assessment of
potential biological activities and distributions of endocrine-disrupting chem-
icals in sediments of the west coast of South Korea, Chemosphere 168 (2017)
441-449.

[26] L. Liu, T. Feng, C. Wang, Q. Wu, Z. Wang, Magnetic three-dimensional graphene
nanoparticles for the preconcentration of endocrine-disrupting phenols, Mi-
crochim. Acta 181 (2014) 1249-1255.

[27] M. Pastor-Belda, P. Vinas, N. Campillo, M. Hernandez-Cordoba, Magnetic solid
phase extraction with CoFe;04/oleic acid nanoparticles coupled to gas chro-
matography-mass spectrometry for the determination of alkylphenols in baby
foods, Food Chem 221 (2017) 76-81.

[28] I. Jimenez-Diaz, O. Ballesteros, A. Zafra-Gomez, G. Crovetto, J.L. Vilchez,
A. Navalon, C. Verge, ].A. de Ferrer, New sample treatment for the determina-
tion of alkylphenols and alkylphenol ethoxylates in agricultural soils, Chemo-
sphere 80 (2010) 248-255.

[29] H. Sabik, F. Gagné, C. Blaise, D.J. Marcogliese, R. Jeannot, Occurrence of
alkylphenol polyethoxylates in the St. Lawrence river and their bioconcentra-
tion by mussels (Elliptio complanata), Chemosphere 51 (2003) 349-356.

[30] Y. Zhao, K. Guo, C. Wang, L. Wang, Effect of inclusion complexation with cy-
clodextrin on the cloud point of poly(2-(dimethylamino)ethyl methacrylate)
solution, Langmuir 26 (2010) 8966-8970.

[31] Y. Li, B. Hu, Sequential cloud point extraction for the speciation of mercury
in seafood by inductively coupled plasma optical emission spectrometry, Spec-
trochim. Acta B 62 (2007) 1153-1160.

[32] S.P. Paik, S.K. Ghatak, D. Dey, K. Sen, Poly(ethylene glycol) vesicles: self-assem-
bled site for luminescence generation, Anal. Chem. 84 (2012) 7555-7561.

[33] ASS. Yazdi, Surfactant-based extraction methods, Trac-Trend Anal. Chem. 30
(2011) 918-929.

[34] R. Ganguly, A. Kunwar, B. Dutta, S. Kumar, K.C. Barick, A. Ballal, V.K. Aswal,
P.A. Hassan, Heat-induced solubilization of curcumin in kinetically stable
pluronic P123 micelles and vesicles: an exploit of slow dynamics of the mi-
cellar restructuring processes in the aqueous pluronic system, Coll. Surf. B 152
(2017) 176-182.

[35] R. Ghosh, ]. Dey, Vesicle-to-Micelle transition in aqueous solutions of
L-Cysteine-Derived carboxylate surfactants containing both hydrocarbon and
poly(ethylene glycol) tails, Langmuir 33 (2017) 543-552.

[36] S. Zhang, X. Meng, Z. Wang, A. Fan, G. Wang, Y. Zhao, Y. Tang, Engineering
hot-melt extruded solid dispersion for controlled release of hydrophilic drugs,
Eur. J. Pharm. Sci. 100 (2017) 109-115.

[37] E. Constantinou, I. Pashalidis, Uranium determination in water samples by liq-
uid scintillation counting after cloud point extraction, J. Radioanal. Nucl. Chem.
286 (2010) 461-465.

[38] S. Xie, M.C. Paau, CF. Li, D. Xiao, M.M. Choi, Separation and preconcentration of
persistent organic pollutants by cloud point extraction, . Chromatogr. A 1217
(2010) 2306-2317.

[39] J.-.L. Li, D.-S. Bai, B.-.H. Chen, Effects of additives on the cloud points of se-
lected nonionic linear ethoxylated alcohol surfactants, Coll. Surf. A: Phy. Eng.
Aspects 346 (2009) 237-243.

[40] J.R. Reimers, L.E. Hall, The solvation of acetonitrile, ]. Am. Chem. Soc. 121
(1999) 3730-3744.

[41] A. Koltsakidou, C.K. Zacharis, K. Fytianos, A validated liquid chromatographic
method for the determination of polycyclic aromatic hydrocarbons in honey
after homogeneous liquid-liquid extraction using hydrophilic acetonitrile and
sodium chloride as mass separating agent, ]. Chromatogr. A 1377 (2015) 46-54.

[42] T. Gu, PA. Galera-Gémez, The effect of different alcohols and other polar or-
ganic additives on the cloud point of Triton X-100 in water, Coll. Surf. A: Phy.
Eng. Aspects 147 (1999) 365-370.

[43] J. Sun, J. Feng, L. Shi, L. Liu, H. He, Y. Fan, S. Hu, S. Liu, Study of the mechanism
of acetonitrile stacking and its application for directly combining liquid-phase
microextraction with micellar electrokinetic chromatography, J .Chromatogr. A
1461 (2016) 161-170.

[44] EJ. Ko, KW. Kim, S.Y. Kang, S.D. Kim, S.B. Bang, S.Y. Hamm, D.W. Kim, Monitor-
ing of environmental phenolic endocrine disrupting compounds in treatment
effluents and river waters, Korea, Talanta 73 (2007) 674-683.

[45] R. Chen, P. Yin, L. Zhao, Q. Yu, A. Hong, S. Duan, Spatial-temporal distribu-
tion and potential ecological risk assessment of nonylphenol and octylphenol
in riverine outlets of Pearl River Delta, China, J. Environ. Sci. (China) 26 (2014)
2340-2347.

[46] ]. Lopez-Darias, V. Pino, J.H. Ayala, V. Gonzalez, A.M. Afonso, Micelle-medi-
ated extractions using nonionic surfactant mixtures and HPLC-UV to determine
endocrine-disrupting phenols in seawaters, Anal. Bioanal. Chem. 391 (2008)
735-744.

[47] Y. Li, S. Zhang, C. Song, J. You, Determination of bisphenol a and alkylphenols
in soft drinks by high-performance liquid chromatography with fluorescence
detection, Food Anal. Method. 6 (2012) 1284-1290.

[48] ]. Lopez-Darias, M. German-Hernandez, V. Pino, A.M. Afonso, Dispersive liq-
uid-liquid microextraction versus single-drop microextraction for the deter-
mination of several endocrine-disrupting phenols from seawaters, Talanta 80
(2010) 1611-1618.


http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0017
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0017
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0017
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0018
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0018
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0018
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0018
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0018
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0019
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0019
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0019
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0020
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0020
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0020
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0020
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0021
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0021
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0021
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0022
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0022
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0022
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0022
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0022
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0022
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0022
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0022
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0023
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0023
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0023
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0023
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0023
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0023
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0024
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0024
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0024
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0024
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0025
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0025
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0025
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0025
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0025
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0025
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0025
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0025
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0026
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0026
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0026
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0026
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0026
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0026
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0027
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0027
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0027
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0027
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0027
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0028
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0028
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0028
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0028
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0028
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0028
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0028
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0028
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0028
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0029
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0029
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0029
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0029
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0029
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0029
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0030
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0030
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0030
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0030
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0030
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0031
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0031
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0031
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0032
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0032
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0032
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0032
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0032
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0033
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0033
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0034
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0034
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0034
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0034
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0034
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0034
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0034
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0034
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0034
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0035
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0035
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0035
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0036
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0036
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0036
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0036
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0036
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0036
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0036
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0036
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0037
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0037
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0037
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0038
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0038
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0038
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0038
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0038
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0038
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0039
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0039
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0039
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0039
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0040
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0040
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0040
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0041
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0041
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0041
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0041
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0042
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0042
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0042
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0043
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0043
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0043
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0043
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0043
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0043
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0043
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0043
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0043
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0044
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0044
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0044
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0044
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0044
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0044
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0044
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0044
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0045
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0045
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0045
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0045
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0045
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0045
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0045
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0046
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0046
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0046
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0046
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0046
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0046
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0047
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0047
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0047
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0047
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0047
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0048
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0048
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0048
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0048
http://refhub.elsevier.com/S0021-9673(19)31014-3/sbref0048

	A rapid synergistic cloud point extraction for nine alkylphenols in water using high performance liquid chromatography and fluorescence detection
	1 Introduction
	2 Material and methods
	2.1 Chemicals and materials
	2.2 Instrumentation
	2.3 Sample preparation
	2.4 RS-CPE procedure
	2.5 The measurement of CPT
	2.6 Chromatographic analysis
	2.7 Calculation
	2.8 Experimental design

	3 Results and discussion
	3.1 Selection of experimental variables
	3.1.1 Effect of the surfactant
	3.1.2 Effect of the pH
	3.1.3 Effect of the revulsant and synergistic reagent
	3.1.4 Effect of the salt

	3.2 Box-Behnken design model and analysis of variance
	3.2.1 Analysis of the model
	3.2.2 Analysis of response surfaces

	3.3 Optimization using the desirability function and confirmation experiments
	3.4 Analytical performance
	3.5 Application
	3.6 Comparison of RS-CPE-HPLC-FLD with other methods

	4 Conclusions
	Declaration of Competing Interest
	Acknowledgments
	Supplementary materials
	References


