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Abstract Recently, a novel analytical instrument setup was
reported for automatic preconcentration and determination of
organic compounds in various sample matrices based on on-
line hollow fiber liquid-phase microextraction (HF-LPME)–
high-performance liquid chromatography (HPLC). In the
present work, this novel instrument has been developed for
extraction and determination of phthalate esters samples locat-
ed in the polyethylene (PET) bottles. By using an automated
syringe pump for loading supported liquid membrane (SLM)
and acceptor solvents, a platform lift for moving sample vial,
and a sampling loop for online injection of extract to HPLC,
along with an electronic board with AVR microcontroller for
storage of data and instrument programs, an automated sample
preparation-HPLC analysis was developed. Optimization of
extraction parameters was carried out by Box–Behnken de-
sign (BBD) which required a minimum of 29 experiments; the
entire set of experiments was performed completely automat-
ically and consecutively without any human intervention. The
limits of detection (three times the S/N) ranged from 0.3 to
0.5μg L−1. Effective preconcentration of the analytes was also
achieved (between 153 and 335). The method is highly pre-
cise, with relative standard deviations varying between 5.1
and 6.4 % and also accurate (recovery percentages

>94.6 %). The main advantages of the developed method
are high sensitivity, selectivity, and reliability of results, min-
imum sample manipulation, full automation, suitable extrac-
tion time, low solvent consumption, and ease of use. The
applicability of the online automated HF-LPME/HPLC-UV
instrument was validated for quantitative extraction and deter-
mination of phthalate esters in aqueous samples located inside
the PET bottles.
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Automatic extraction . Immiscible organic solvents . Phthalate
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Introduction

Phthalate esters (PEs) have a wide variety of industrial, agri-
cultural, and domestic applications, but by far, the most im-
portant is their use as plasticizers that improve the flexibility
and workability of polymeric materials. Because of these
properties, in the recent years, phthalate esters production
and use have increased significantly. PEs are not chemically
bound to the plastics, they can be easily released from the
products and migrate into the food or water that comes into
direct contact and consequently, they are often found in water,
soil, air, food products, and the human body (Castillo et al.
1999; Holadová and Hajslová 1995; Castillo and Barceló
1997; Peñalver et al. 2000, 2001). Little is known about the
possible effects of these substances on the environment and
human health, but some recent studies have shown that they
may cause hormone disrupting activities (Jobling et al. 1995;
Staples et al. 1997).

Gas chromatography (GC) (Castillo et al. 1997; Tienpont
et al. 2000; Yamini et al. 2009; Yasuhara et al. 1997) and high-
performance liquid chromatography (HPLC) (Castillo et al.
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1998; Kelly and Larroque 1999; Jara et al. 2000) have been
used for the detection of these compounds in water samples.
Nevertheless, when the concentration levels are low, a previ-
ous enrichment step is usually needed. The preconcentration
techniques, which are commonly applied to monitor
phthalates in water, are liquid–liquid extraction (LLE) with
dichloromethane or hexane (Holadová and Hajslová 1995;
Yasuhara et al. 1997) and solid-phase extraction (SPE)
(Holadová and Hajslová 1995; Jobling et al. 1995; Castillo
et al. 1998; Jara et al. 2000). However, these conventional
pretreatment methods need either large quantities of sample
and organic solvents or are time-consuming, and the materials
used are not reusable and expensive (Zhou and Zeng 2006).
The quest for novel sample preparation techniques has never
ceased, and one of the most recent trends is the miniaturization
of the traditional LLEmethod. The major ideas behind this are
to allow efficient extraction along with reduced solvent vol-
umes and time, and with a high level of automation and online
connection to analytical instruments (Costa 2014).

Hollow fiber-based liquid-phase microextraction (HF-
LPME) was first reported by Pedersen–Bjergaard and
Rasmussen in 1996, where the extraction phase was placed
inside the lumen of porous hollow fibers made of polypropyl-
ene (Pedersen-Bjergaard and Rasmussen 1999). In this HF-
LPME system, target analytes are extracted from the sample
into an extraction phase immobilized as a thin SLM located
inside the pores of the wall of a porous hollow fiber. HF-
LPME offers efficient alternatives to classical sample prepa-
ration techniques due to permission of high selectivity and
high enrichment factors, as well as giving good possibilities
for automation. This method could be performed either in the
two- or three-phase mode. In the two-phase mode, the organic
solvent presents both in the porous wall and inside the lumen
of the hollow fiber (Basheer et al. 2002; Es’haghi 2009;
Kawaguchi and Takatsu 2009). In the three-phase mode, the
acceptor phase can be aqueous resulting in a conventional
three-phase system compatible with high-performance liquid
chromatography or capillary electrophoresis (Hou and Lee
2003; Andersen et al. 2002; Balchen et al. 2008), or the ac-
ceptor solution can be organic providing a three-phase extrac-
tion system with two immiscible organic solvents compatible
with all instruments without any limitation (Ghambarian et al.
2010, 2011, 2012). The technique has a broad application
potential within areas such as drug analysis and environmental
monitoring and is compatible with a broad range of samples,
including plasma, whole blood, urine, saliva, breast milk, tap
water, surface water, pond water, seawater, and soil slurries.

The aim of this work was to assess the fully automated
online HF-LPME/HPLC-UV instrument suitability for extrac-
tion and determination of some phthalate esters in water and
fruits juices located inside PET bottles. In the present work,
three-phase mode of HF-LPME based on two immiscible or-
ganic solvent was used for extraction of target analytes. The

automated HF-LPME system runs experiments without user
intervention to optimize the extraction conditions of each an-
alyte. Also, the system acquires quantification data by online
injection of extracts to HPLC and creates an HF-LPME ac-
quisition method based on the optimization that can be set and
saved on systems such as the optimum value of stirring rate,
extraction solvent volume, and extraction time. This instru-
ment offers the ability for users with limited experience to
develop a sophisticated HF-LPME method so that analyses
can be quantified under optimum conditions to achieve the
best sensitivity and selectivity.

The main advantages of the method developed are mini-
mum sample manipulation, full automation, suitable extrac-
tion time, low solvent consumption, and ease of use.

Experimental

Chemicals and Supplies

HPLC-grade water and methanol were purchased from
Caledon (Ontario, Canada) and were used to prepare the mo-
bile phase. HPLC-grade acetonitrile was also purchased from
Duksan and was used to prepare standard solutions. n-
Dodecane and other reagents with analytical grade were pur-
chased fromMerck (Darmstadt, Germany). The Q3/2 Accurel
polypropylene hollow fiber was purchased from Membrana
(Wuppertal, Germany). The inner diameter of the fiber was
600 μm, the thickness of the wall was 200 μm, and the pore
size was 0.2 μm.

Pure standards of dimethyl (DMP), diethyl (DEP), and
diallyl (DAP) phthalate esters were purchased from Sigma-
Aldrich (Steinheim, Germany). Individual stock solutions of
the analytes with concentration of 1000 mg L−1 were prepared
by dissolving 10mg of each compound in 10mL of methanol.
The mixed standard of the compounds was prepared in water
at different concentrations by appropriate dilution of the indi-
vidual stock solutions. The water solubility of DMP and DAP
are 0.4 % and 6 g L−1 at 20 °C, respectively, and DEP is
1080 mg L−1 at 25 °C.

Instrumentation

The chromatography instrument used was a Varian 9012
(Mulgrave Victoria, Australia) equipped with an LC pump
and a Varian 9050 variable wavelength UV/Vis detector. The
HPLC column used was a PerfectSil Target ODS column
(250 mm×4.6 mm, with particle size of 5 μm) from MZ
Analysentechnik (Mainz, Germany). A mixture of water and
acetonitril (35:65) at a flow rate of 1 mL min−1 was used as a
mobile phase in isocratic elution mode. The injection volume
was 20 μL for all of the samples, and the detection was per-
formed at a wavelength of 225 nm.
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Instrument Design

A schematic illustration of HF-LPME/HPLC instrument is
shown in Fig. 1. All of instrument parts were designed by
solid works software 2010. The total backbone of the extrac-
tion system was made of stainless steel 316 that have 35 cm
long, 30 cm wide, and 32 cm high. The main component was
constructed using the following apparatuses: four solvent con-
tainers, a syringe drive module part, 6-port injection valve,
operating extraction part, electronic board units, and touch
screen controller. The parts were located in a steel closed
box under controlled thermal conditions. These parts were
fabricated as follows.

1. Solvent containers: Four solvent containers were posi-
tioned at the left side of the instrument containing SLM
solvent (A), acceptor solvents (B and C), and elution sol-
vent (D).

2. Syringe driven module part: This part was constructed
using a syringe, stepper motor, and distribution valve.
The valve was made of a stainless steel body and Teflon
plug. The plug rotates inside the valve body to connect the
syringe port to the various input and output ports. A 1-mL
gastight HPLC syringe from Hamilton (Bonaduz,
Switzerland) was connected to 6-port distribution valve
that driven by a stepper motor to aspirate and dispense
measured quantities of SLM and extraction solvents.

Main board (AVR microprocessor)

Power supply Touch screen 
controller

Motors driver (PMW and 

stepper motor driver)

Distribution 
valve motor's

Syringe pump 
stepper motor's

Injection valve 
motor's
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Fig. 2 A schematic illustration of
electronic parts of the instrument
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The valve is turned by a 1.8° stepper motor that has an
encoder coupled to it for positioning feedback. Valve
commands position the input and output channels to the
specified ports. Six input and output channels are the fol-
lowing: (1) entrance of SLM solvent, (2) entrance of ac-
ceptor solvent 1, (3) entrance of acceptor solvent 2, (4)
entrance of elution solvent, (5) way out of waste solutions,
and (6) way out to operating extraction part.

3. Six port injection valve:A high-pressure 2-position/6-port
motorized injection valve was used for online injection of
the acceptor solvent located inside the lumen of fiber in to
HPLC column. A position-sensing switch closes in the
INJECT position and stays closed until the handle is
returned to the LOAD position that supplied with a
20-μL sample loop.

4. Extraction part: This part comprised from three compo-
nents including a sample vial, an elevator, and a Teflon
cap with two needles to fix the hollow fiber. The extrac-
tion of analytes was performed in 21-mL vial containing
20 mL of aqueous sample that placed on the top of the lift
while equipped with an adjustable magnetic stirrer. Two
ends of hollow fiber segment were connected to the nee-
dle plugs of cap.

5. Electronic board units: The task of this part is performing
the extraction process according to requested schedule
and sequence. The electronic circuits were designed by
Proteus software Version 7, and the microprocessor pro-
gramwas written using BASCOM software in 8000 lines.
The main components of electronic board are shown in
Fig. 2.

6. Touch screen LCD: All variable parameters could be set
and controlled using a touch screen controller. It consists
of five main menus as follows: (1) Start menu to lunch the
device that has a specified method, (2) edit method menu
which includes three methods can be stored within the
memory device, (3) solvent purge menu, (4) extraction
timemenu to set the extraction time, and (5) stirring speed
menu to adjust speed of solution stirring.

Fully Automated HF-LPME Procedure

The following describes the automated HF-LPME procedure:
First, after rinsing all lines and injection valve with water
(solvent D) using a syringe drive module, the SLM solvent
(solvent A) was withdrawn into the syringe barrel and then
dispensed toward the hollow fiber. After impregnation of wall
pores of the fiber by SLM solvent, the acceptor solvent was
withdrawn and transferred to the lumen of fiber using syringe
drive module, and the remaining of the SLM solvent in the
lumen was vent to the waste container. It should be noted that
in all above steps, 6-port injection valve is in the LOAD po-
sition. In the second step, the glass vial containing the sample

solution that placed on the lift moves upward until the con-
nected hollow fiber to needle-shaped plug that attached to the
cap was immersed into the sample and then lid is closed.

During the specified extraction time, the sample solution
was stirred with an adjusted speed using magnetic stirrer that
was placed inside the lift platform. After extraction time, the
acceptor solvent was directed to the 6-port injection valve in
the LOAD position supplied with 20-μL loop using syringe-
driven module to introduce acceptor solvent into the HPLC
column. Finally, the valve was switched to INJECT position,
after which the extract was injected directly into the HPLC for
analysis.

Results and Discussion

In the present study, fully automated microextraction instru-
ment was worked in a three-phase mode of HF-LPME based

Table 2 A summary ANOVA table for obtained experimental
responses

Source Sum of squares df Mean square F ratio p value

A/HF length 5.63409E13 1 5.63409E13 13.21 0.0027

B/Salt 8.09166E13 1 8.09166E13 18.97 0.0007

C/Ext Time 6.41444E13 1 6.41444E13 15.04 0.0017

D/stirring 1.12549E14 1 1.12549E14 26.38 0.0002

AA 1.54628E12 1 1.54628E12 0.36 0.5568

AB 4.16588E13 1 4.16588E13 9.77 0.0075

AC 7.81599E11 1 7.81599E11 0.18 0.6751

AD 8.43125E11 1 8.43125E11 0.20 0.6634

BB 1.0559E14 1 1.0559E14 24.75 0.0002

BC 2.8509E12 1 2.8509E12 0.67 0.4274

BD 2.01098E12 1 2.01098E12 0.47 0.5036

CC 5.1768E11 1 5.1768E11 0.12 0.7328

CD 1.31956E13 1 1.31956E13 3.09 0.1005

DD 1.77677E13 1 1.77677E13 4.16 0.0606

Total error 5.97258E13 14 4.26613E12

Total (corr.) 5.49406E14 28

Values of “Prob >F” less than 0.0500 indicate model terms are significant

Table 1 Independent variables and their levels used in the Box–
Behnken design

Variable Coded Level

−1 0 +1

Hollow fiber length (cm) A 6 8 10

Salt concentration (mol L−1) B 0 2 4

Extraction time (min) C 20 30 40

Stirring rate (rpm) D 400 700 1000
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on two immiscible organic solvents. Therefore, the following
parameters that could affect the extraction efficiency of
phthalate esters by the proposed HF-LPME method were ex-
plored and optimized: choice of SLM and acceptor solvents,
hollow fiber length, salt concentration, stirring rate, and influ-
ence of extraction time.

Optimization of HF-LPME Conditions

Selection types of two immiscible organic solvents used in
HF-LPMEwere essential for successful extraction of analytes.
Extraction solvent (SLM) and acceptor organic solvent should
have some properties. First, the SLMmust be compatible with
the fiber so that the pores in the wall of the fiber can be filled
completely and formed a very thin organic membrane film.
This is important since the extraction occurs on the surface of
the solvent immobilized in the pores. Second, the SLM must
be immiscible with water and acceptor organic phase. And
finally, the acceptor organic solvent should have excellent
chromatographic behaviors. On the basis of the above consid-
erations, n-dodecane was selected as the SLM, and acetonitrile
and methanol were evaluated in preliminary experiments as
the acceptor organic solvents. Both of the solvents have ex-
cellent chromatographic behaviors, low solubility in n-
dodecane, and effectively remained during the extraction (no

leakage to SLM and no solvent loss due to evaporation).
According to the obtained results, the extraction recovery
using acetonitrile as acceptor solvent was higher than metha-
nol. Thus, acetonitrile was selected as acceptor solvent.

In order to evaluate interactions between the variables si-
multaneously with the least number of experiments, optimiza-
tion of four other variables (hollow fiber length, salt concen-
tration, stirring rate, and influence of extraction time) was
conducted using Box-Behnken design. Each of the variables
had three coded levels: −1, 0, and +1, and 29 experiments
were necessary in total which were randomly performed to
nullify the effect of extraneous or nuisance variables. Six rep-
licates in the central point were included in the matrix of the
experimental design to obtain an estimate of the variance and
to check the linearity loss between the chosen levels for each
variable. Table 1 contains the minimum and maximum levels
for the variables studied using factorial design. The central
point was taken as the arithmetic mean between minimum
and maximum level values for each variable. Design-Expert
(Version 7.0) software package was used to analyze the exper-
imental data. An analysis of variance (ANOVA) was per-
formed on the design to assess the significance of the main
effects and interactions (Table 2). The significance and the
magnitude of the effect estimates of each variable as well as
all the possible linear and quadratic interactions among the

Table 3 Performance of automated HF-LPME for determination of PE compounds

Analyte LDR (μg/L) LOD (μg/L) LOQ (μg/L) Calibration curve R2 RSD% (n=5) PF

Dimethyl phthalate (DMP) 2–200 0.5 1.6 y=45697x−31532 0.998 6.4 153

Diethyl phthalate (DEP) 1–200 0.3 1.0 y=94069x−19377 0.996 5.6 301

Diallyl phthalate (DAP) 1–200 0.3 1.0 y=10599x−86311 0.997 5.1 335

LDR linear dynamic range

LOD limit of detection

LOQ limit of quantification

PF preconcentration factor

0 1 2 3 4 5 6

Standardized effect

CC

AC

AD

AA

BD

BC

CD

DD

AB

A:HF lenght

C:Ext Time

B:Salt

BB

D:stirring +
-

Fig. 3 Pareto chart of main
effects obtained from Box–
Behnken design. The vertical line
defines the 95 % confidence
interval
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response variables were determined. Effects with a signifi-
cance value less than 95 %, i.e., effects with a p value higher
than 0.05, were discarded and pooled into the error term (often
called residual error), and a new analysis of variance was
performed for the reduced model. Note that the p value repre-
sents a decreasing index of the reliability of a result. The lack-
of-fit test is useful to determine whether the selected model is
adequate to describe the observed data or whether a more
complicated model should be used. The test is performed by
comparing the variability of the current model residuals with
the variability between observations at replicate setting of the
factors. Since the p value for lack-of-fit in the ANOVA
table was greater than 0.05, the model appears to be ade-
quate at a 95 % confidence level. A Pareto chart of effects
is shown in Fig. 3. In this chart, the bar lengths are pro-
portional to the absolute value of the estimated main ef-
fects. Figure 3 also includes a vertical line corresponding
to the 95 % confidence interval. An effect, which exceeds
this reference line, may be considered significant with
regard to the response. A positive value for the estimated
effect indicates an increase in the response if the variable
increases to its high level. A negative value indicates that
a better response is obtained at low levels of the variable.
For the interactions, a positive value indicates that the
response will increase if both variables change to the
same level, low or high. A negative value indicates an
increase in the response if the variables change in oppo-
site directions (one variable increases to a high level and
the other decreases to a low level).

It was observed that stirring rate (D), salt concentration (B),
extraction time (C), and hollow fiber length (A) have a strong
positive linear effect, respectively. The interaction between
salt concentration and hollow fiber length also had some sig-
nificant effect. The sign of the main effects showed that the
response would be improved on passing a given factor (ex-
traction time, stirring rate, and hollow fiber length) from the
low to the high level.

In this work, the influence of acceptor phase volume on
the extraction efficiencies was studied using various hol-
low fiber lengths. It is known that in the HF-LPME
methods, volume of the acceptor phase should be large
enough to promote analyte transport to the acceptor
phase. Generally, an increase in acceptor volume en-
hances the peak area of each analyte as much as it does
not lead to dilution of extractant. On the other hand, salt
concentration modification is a very useful way to en-
hance the extraction efficiency due to salting out effect.
Commonly, addition of salt can decrease the solubility of
analytes in the aqueous sample and enhance their
partitioning into the organic phase. However, change of
physical properties of the Nernst diffusion film can reduce
the diffusion rate of analytes into the organic phase, there-
fore decreasing the extraction efficiency of the organic
phase within a constant period of time. Taking into ac-
count the interaction between these variables, i.e., hollow
fiber length and salt concentration, the observed effect is
negative; that is, by employing higher hollow fiber length,
mass transfer of the analytes is favored through
employing low sodium chloride concentration and vice
versa.

The extraction can be accelerated by stirring the aqueous
sample because of the decreased thickness of the Nernst dif-
fusion layer as well as the continuous exposure of the extrac-
tion surface to fresh aqueous sample. However, the extraction
recovery raised as the stirring rate of sample solution in-
creased in the range of 400–1000 rpm. The higher rates were
not evaluated because of generation of excessive air bubbles
that adhered to the surface of the hollow fiber, making the
experiments difficult to control and thus leading to poor

Table 4 Comparison of the proposed method with other methods applied for the extraction and determination of PEs

Method LOD (μg L−1) LDR (μg L−1) PF RSD (%) Ref.

SDME/GC-FID 0.02–0.1 0.1–50 – 3.5–8 Batlle and Nerín 2004

SPME/GC-MS 0.003–0.01 0.1–10 4–11 Psillakis and Kalogerakis 2003

DLLME/GC-MS 0.002–0.008 0.02–100 681–822 4.6–6.8 Farahani et al. 2007

HF-LPME/GC-MS 0.005–0.1 0.5–10 4–19 Psillakis and Kalogerakis 2003

In-tube SPME/HPLC 0.2–1.0 2.0–100 – – Kataoka et al. 2002

HF-LPME/HPLC 0.2–1.2 – 59–71 – Sun et al. 2013

Automated HF-LPME/HPLC 0.3–0.5 1–200 153–335 5.1–6.4 Proposed method

Fig. 4 Chromatograms obtained for three replicate extractions and
analyses of PEs using the proposed automated HF-LPME/HPLC system

734 Food Anal. Methods (2016) 9:729–737



reproducibility. For extraction time, the amounts of extracted
analytes were increased dramatically by increasing exposure
time from 20 to 40 min, and thereafter the curves became flat.
On the other hand, if the extraction time is long, solvent loss
and formation of air bubbles may occur, which would de-
crease the extraction efficiency.

According to the overall results of optimization study, the
following experimental conditions were chosen: hollow fiber
length 10 cm, stirring rate 800 rpm, salt concentration
2 mol L−1 NaCl, and extraction time 40 min.

Method Validation

To evaluate the practical applicability of the proposed
preconcentration method, repeatability, linearity, and limits of
detection were investigated by utilizing fully automated hollow
fiber microextraction device (Table 3). The precision of the
method was determined by performing five consecutive auto-
mated extractions from spiked aqueous solutions. The RSDs of
the analytical responses at a low concentration level were found
to be between 5.1 and 6.4 %. The chromatograms for three

Fig. 5 Chromatograms of phthalate esters compounds after extraction from an orange juice sample using automated HF-LPME combined with HPLC-UV

Table 5 Relative recoveries obtained for spiked real samples

Samples Analyte DMP DEP DAP

Spiked concentration (μg L−1) 5 10 15 5 10 15 5 10 15

Disposable glass Concentration (before spiking and heating) ND ND ND

Concentration (after heating) ND ND ND

Concentration (after spiking) 4.9 9.62 14.6 4.6 9.48 14.7 4.7 9.71 14.7

Recovery (%) 98 96.2 97 92 94.8 98 94 97.1 98

RSD (%) 4.9 5.8 6.2 4.5 4.9 5.6 5.1 5.3 5.4

Bottle of mineral water Concentration (before spiking and heating) ND ND ND

Concentration (after heating) ND ND ND

Concentration (after spiking) 4.8 9.74 14.7 4.9 9.88 14.9 4.8 9.54 14.5

Recovery (%) 96 97.4 98 98 98.8 99 96 95.4 97

RSD (%) 4.7 4.5 5.7 4.7 5.1 5.4 5.1 5.7 5.6

Energetic drinks 1 Concentration (before spiking and heating) ND ND ND

Concentration (after heating) ND ND ND

Concentration (after spiking) 4.5 9.54 14.3 4.6 9.69 14.3 4.6 9.63 14.8

Recovery (%) 90 95.4 95 92 96.9 95 92 96.3 98

RSD (%) 5.1 7.3 5.4 4.1 6.8 4.3 4.2 7.8 4.6

Energetic drinks 2 Concentration (before spiking and heating) ND ND ND

Concentration (after heating) 26.41 ND ND

Concentration (after spiking) 31.1 35.95 40.8 4.7 9.46 14.8 4.5 9.68 14.6

Recovery (%) 94 95.4 96 94 94.6 90 96.8 97

RSD (%) 4.1 6.2 6.4 5.1 5.7 6.2 5.1 4.2 5.3
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extractions and analysis of micrograms per liter levels of PEs in
aqueous solution are shown in Fig. 4. The PFs were obtained in
the range of 153 to 335. For all the studied PEs, linearity was
obtained in the range of 1–200 μg L−1 with coefficients of
determination (r2) ranging from 0.996 to 0.998. The LODs
ranged from 0.3 to 0.5 μg L−1, based on a signal-to-noise ratio
of 3 (S/N=3). The broad linear range combined with the low
detection limit suggests that HF-LPME/HPLC-UV has a high
potential for monitoring phthalate esters in water and fruits
juice samples located in the PET containers.

A comparison between the figures of merit of the proposed
method and some of the published methods for extraction and
determination of PEs was made, whose results are summarized
in Table 4. Clearly, the proposed method has a good sensitivity
and precision with a suitable dynamic linear range in compar-
ison with the other methods that coupled with HPLC instru-
ment. An improvement in detection limits of the methodology
could be achieved using GC–MS analyses if this system can be
coupled online with gas chromatography instrument.

Application of the Proposed Method to the Real Samples

For further investigation of the automated HF-LPME instru-
ment, the developed instrument was applied to the analysis of
PEs in water and fruits juice samples located in the PET con-
tainers. Two water samples, one in disposable container and
other in PET bottle, as well as two energetic drinks and a fruit
juice in PET bottles, were analyzed by applying the developed
method. Quantification of PEs in fruit juice sample was made
by standard addition method. The detected values of target
analytes are shown in Table 5. The relative recoveries (defined
as the ratio of the concentration of analytes found in spiked real
sample extracts to that from spiked ultrapure water extracts)
were calculated to evaluate matrix effects. Results of relative
recoveries and RSDs of four spiked real samples are shown in
Table 5. The data demonstrated high relative recoveries, with
RSDs less than 7.8 %. The excellent reproducibility was attrib-
utable to the full automation of the procedure, and the above
results showed that the matrix had a negligible effect on the
HF-LPME method. Moreover, with no interfering peaks from
the matrix (Fig. 5, which shows the HPLC-UV chromatogram
of extracts from unspiked and spiked fruit juice), the fully au-
tomated technique demonstrated the viability for quantitative
determination of PEs compounds in various real samples.

Conclusions

A novel fully online automated HF-LPME instrument was de-
veloped for the convenient analysis of PE compounds in water,
fruit juice, and energetic drink samples located in PET con-
tainers. By using an automated syringe pump for loading sol-
vents, a platform lift for moving sample vial, a sampling loop

for online injection of extracts to analysis instrument, extrac-
tion, injection, and HPLC-UV analysis could be carried out
completely automatically. This novel method shows suitable
accuracy for measurement trace analytes including environ-
mental pollutants with the minimized human manipulations.
Importantly, it is easy to use and inexpensive in consumables.
The development of this fully automated HF-LPME device
should facilitate further and broader application of HF-LPME
to preparation of biological and other complex samples for
improved chromatographic separations. It is believed that this
is the first implementation of such a consecutively fully auto-
mated and online HF-LPME/HPLC-UV device.
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