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ABSTRACT

A three-phase hollow fiber liquid phase microextraction (HF-LPME) method was evaluated
for the extraction and preconcentration of naproxen and diclofenac using a polypropylene
membrane followed by analysis using HPLC or LC/MS. In this technique, the drugs were
extracted into di-n-hexyl ether immobilized in the wall pores of a porous hollow fiber from
50mL of sludge slurry sample as a donor phase with pH 3, and then back-extracted into
the acceptor phase located in the lumen of the hollow fiber. Experimental factors were
studied in 16 trials using a Taguchi orthogonal array experimental design with an OA16

(45) matrix. The significance of these factors was investigated using analysis of variance.
The extraction time was statistically demonstrated as the main factor for the extraction of
naproxen and diclofenac, while ionic strength played the role of the second most important
factor for HF-LPME extraction of diclofenac. The method permitted a detection limit of
0.2–0.7 ng g�1 with relative standard deviation values of 3–5%. Enrichment factors of 2,300
for naproxen and 1,400 for diclofenac were achieved. The method was applied to determine
naproxen and diclofenac in sewage sludge from sewage treatment plant, Källby (Lund,
Sweden).

Keywords: Hollow fiber liquid phase microextraction; Taguchi orthogonal array; Diclofenac;
Naproxen; Liquid chromatography–mass spectrometry

1. Introduction

Pharmaceuticals are being used in large quantities
in human and veterinary medicine, and many of these
compounds are excreted without being entirely metab-
olized in the target organism, thus emerging as a new

and important contamination factor in the aquatic
environment. Acidic pharmaceuticals (e.g. nonsteroi-
dal anti-inflammatory agents (NSAIDs)) have been lar-
gely studied because of their ubiquity in the
environments due to high consumption. The following
two pharmaceuticals from the class of NSAIDs were
selected as model compounds in this work (see Fig. 1
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and Table 1): Diclofenac (2-(2,6-dichloroanilino)
phenyl acetic acid), (a) and naproxen (2-(6-methoxy-2-
naphthyl) propionic acid), (b). These are widely used
[1] for the treatment of pain and fever and constitute
the active ingredients in many common painkillers.
These drugs have been extensively detected in sewage
treatment plant (STP) influents and effluents, and in
surface water samples [2]. In addition, they can also
be detected in sewage sludge. Even though the con-
centrations are often low, there is a continuous input
of these substances into the environment. There are
indications that chronic effects from NSAIDs might
occur at environmentally observed concentrations. For
example, diclofenac has been shown to cause cellular
damage in several organs at concentrations, as low as,
1lgL�1. It has been shown that toxicity of the NSA-
IDs is additive since the mode of action (inhibition of
the cyclooxygenase enzymes; COX-1 and COX-2) is
the same for all substances. Thus, even if NSAIDs
occur below their no observed effect concentration,
they can still together give rise to toxic effects. Studies
also indicate that certain degradation products from
diclofenac and naproxen seem to exhibit a higher toxic
potency towards aquatic organisms than the parent
compounds themselves [3]. Due to the complexity of
the composition of the matrices and the trace amounts
of pharmaceuticals occurring in sludge, an effective
extraction/purification approach prior to final analysis
is of vital importance for residue analysis of drugs
regardless of the chromatographic method used. Gen-
erally, solid phase extraction (SPE) has been used for
sample preparation of environmental aqueous samples
containing different pharmaceuticals [4–7], since it is a
relatively robust technique leading to low limit of
detection (LOD) in the low ngL�1 range using

chromatographic techniques for the final analysis.
However, this common technique is time consuming,
because clean-up is often required. Several methods,
such as ultrasonic solvent extraction (USE), microwave
assisted extraction, and pressurized liquid extraction
(PLE) [8–13] have been reported for the extraction of
NSAIDs from solid matrices. In some of these tech-
niques combined with SPE, matrix effects for NSAIDs
are considerable [8,12,13]. Also, in the case of NSAIDs,
being acidic drugs, adjusting pH to acidic values
before SPE to obtain higher retention efficiency leads
to the formation of some colloidal precipitation which
makes it difficult to perform SPE in a reasonable load-
ing time and it is necessary to filter the extract before
performing SPE [14].

Hollow fiber liquid phase microextraction (HF-
LPME) is an attractive and novel pretreatment method
characterized by high enrichment factors, rapid analy-
sis time, simple set-up, and low cost [15]. As an envi-
ronmental-friendly technique, it has been successfully
employed for the determination of a wide range of
environmental and biological contaminants [16–18].
HF-LPME can be performed either in a two-phase or a
three phase mode. In three-phase HF-LPME, which is
applicable here, the analytes are extracted through an
organic solvent immobilized in the pores of the hollow
fiber wall and further into a second aqueous phase in
the lumen [19] of the fiber (Fig. 2). Three-phase HF-
LPME is mainly suitable for ionizable and charged
compounds in aqueous samples [20–22] and it has been
applied to extract various drugs from water. In a STP,
it can be expected that, to some part, drugs will remain
concentrated in the sludge. Therefore, it is important to
find techniques for extraction of the NSAID
compounds in sludge. In this work, a technique using
HF-LPME to extract the drug from sludge slurry is
optimized and studied. Generally, the HF-LPME analy-
sis is influenced by several experimental variables,
such as the pH of donor phase, salt addition, stirring

Fig. 1. Chemical structures of the target analytes, a:
Diclofenac and b: Naproxen.

Table 1
Physical properties of the target compounds

Compound Solubility in water (mg/L) pKa logKo/w

Naproxen 16 4.15 3.18

Diclofenac 2 4.15 4.51

Fig. 2. Schematic representation of three-phase LPME
extraction in a microporous hollow fiber.
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rate, extraction time, etc. Previous studies were usually
conducted as ‘‘one factor at a time” experiments to
optimize analysis conditions, but such studies are time
consuming and do not consider possible interactions
among the factors. Response surface methodology,
which can analyze the interactions of factors, needs a
higher number of runs [23]. However, Taguchi’s
orthogonal array experimental design which takes into
account several variables at a time, is a cost-effective
approach and could be used to search for the optimal
HF-LPME operational conditions. Taguchi design
methods have been applied to analytical validations to
minimize the determination variability and improve
method robustness [24] for two decades. Furthermore,
Taguchi methods have also been recently applied in
other analytical development studies, including sample
extraction, gas chromatography–mass spectrometry,
and electrospray mass spectroscopy determinations of
pharmaceuticals and chemicals [25–30].

In the current work, HF-LPME in combination
with LC/MS was applied for the extraction and pre-
concentration of naproxen and diclofenac. Moreover,
an orthogonal array design (OAD) Taguchi procedure
with OA16 (4

5) matrix was applied to study the factors
influencing the HF-LPME efficiency. The optimized
conditions were then applied for the analysis of
naproxen and diclofenac in sludge.

2. Experimental

2.1. Reagents and standards

HPLC-grade methanol, formic acid (>98% pure),
ammonium carbonate (containing 30–33% NH3),
naproxen, and diclofenac (98% pure) were purchased
from Sigma-Aldrich Chemie GmbH (Steinheim, Ger-
many). Sulfuric acid (18mol L�1) and di-n-hexyl ether
(DHE; >97% pure) were purchased from Fluka Che-
mie GmbH (Buchs, Switzerland). Sodium chloride was
purchased from Merck (Darmstadt, Germany).
Reagent water was obtained from a Milli-Q water
purification system (Millipore, Bedford, MA, USA).
The 50/280 Accurel PP polypropylene hollow-fiber
membranes (50 lm wall thickness, 280lm inner diam-
eter, and 0.1lm pore size) were obtained from Mem-
brana GmbH (Wuppertal, Germany). The cartridges
used for SPE were Oasis� HLB (200mg, 6mL) from
Waters Corporation (Milford, MA, USA).

2.2. Standard solutions and real samples

Stock standard solutions of naproxen and diclofe-
nac (100lgmL�1) were prepared by dissolving their

salts in methanol. Mixed standard solutions of drugs
(100 lgL�1) were prepared by appropriate dilution of
the stock solution in reagent water. All standard solu-
tions were stored at 4˚C. Acceptor buffer solution was
prepared by dissolving appropriate amounts of
ammonium carbonate in water.

Sludge samples were collected during spring, 2009
in Källby STP. This plant is located in a Lund city
suburb (in the south-western part of Sweden). The
sewage treatment is made up of screen raking, sand
catch, primary sedimentation, secondary biological
treatment, and finally, tertiary treatment, where phos-
phate is chemically precipitated by iron. Some acti-
vated sludge from the secondary sedimentation unit is
returned to the inlet of the primary clarifier. The
remaining fraction of secondary sludge is combined
with the primary and tertiary sludge and further trea-
ted (including, thickening, dewatering, and anaerobic
digestion). The collected treated-sludge samples were
transported to the laboratory in plastic buckets. The
samples were stored refrigerated in closed bottles at
4˚C until analysis.

2.3. Chromatography

Separation and determination of the drugs were
performed on a 1100 Series HPLC instrument from
Agilent Technologies (Waldbronn, Germany) equipped
with a quaternary pump, a vacuum degasser, an auto-
sampler, column compartments, and UV/Vis detector.
The injection volume was set to 5lL. The HPLC data
obtained were processed by the Agilent Chemstation
software and further evaluated using Microsoft Excel.
The chromatographic separation was carried out by a
reverse-phase HPLC system using an Eclipse XDB-C18

column (150mm� 4.6mm� 5lm particle size) from
Agilent Technologies. The mobile phase consisted of
methanol and 0.1% formic acid in water. Gradient
elution was performed at a flow rate of 0.9mLmin�1,
starting with 70% methanol and increasing to 90% in
5min followed by isocratic elution with 90% methanol
for 3min to wash out column and then it returned to
the initial composition. Detection was carried out using
the UV detector at a wavelength of 220 nm. Direct
calibration of HPLC/UV was performed using
standard solutions ranging 200–10,000 ngmL�1.

2.4. LC–ES–MS system

LC analysis was performed using two Waters 515
pumps (Waters, Milford, MA, USA) equipped with a
Waters Pump Control Module, an auto sampler Tri-
athlon (Spark-Holland, Emmen, The Netherlands),
and a vacuum degasser CSI 6150. The LC column
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used was a HP column (100mm� 2.1mm, particle
size 5lm) with a octadecyl-bonded phase, ODS, C18.
The mobile phase consisted of methanol and water.
For the analysis of drugs after extraction from sludge,
a gradient elution was performed at a flow rate of
0.4mLmin�1 starting with methanol and water
(40:60%). The injection volume of the sample was
10lL and the total run time was 15min. In this study,
mass-selective detection was carried out with electro-
spray ionization in the negative ionization mode using
a Waters CZQ single-quadruple mass spectrometer.
Instrument control, data acquisition, and evaluation
were done with Masslynx NT software (version 4.0)
(Waters). The operating parameters were as follows:
electrospray source block and desolvation temperature
150 and 325˚C, respectively, capillary voltage 3.5 kV,
and desolvation gas flow 535Lh�1.The optimal cone
voltage for each compound chosen for Selective Ion
Monitoring (SIM) experiments are listed in Table 2.
Direct calibration of LC–ESI–MS was performed using
standard solutions with concentrations ranging from 5
to 3,000 ngmL�1.

2.5. Extraction procedure

Hollow fiber pieces of �15 cm length were cut
manually and connected to the needle of a BDM
Micro-Fine syringe. The syringe was filled with
�0.5mL of the acceptor solution and the plunger of
the syringe was depressed to flush out acceptor to
wash and fill the lumen of the hollow fiber. The fiber
was dipped into DHE for 1min to impregnate the
pores of the hollow fiber. The lumen of the hollow
fiber was flushed slowly with the rest of acceptor
solution at a time, completely filling the lumen with
acceptor without any air bubbles. The two ends were
folded and closed with aluminum foil. After this prep-
aration, the obtained sampling device has an effective
fiber length of 11 cm with sampling phase (acceptor)
volume of �8lL. The whole sealed-fiber filled with
acceptor was immersed in water for 30 s to wash out
surplus organic solvent. After this, the hollow fiber

sampling device was immersed in sludge slurry con-
taining 0.5 g (dry weight) sludge in 50mL of water,
adjusted to pH 3. After stirring at 960 rpm for 5 h, the
acceptor solution containing the extracted analytes
was collected in a vial by pushing air through the
fibers with BDM Micro-Fine syringe. An aliquot was
injected into HPLC-UV or LC/MS.

2.6. Extraction efficiency and enrichment factor

The enrichment factor Ee was determined accord-
ing to Eq. (1):

Ee ¼ CA

CS

ð1Þ

In this equation, CA and CS are the final concentra-
tion and initial concentration of the analyte in accep-
tor phase and donor phase, respectively. CA of the
extracted drug was calculated from the calibration
curve. Ee will increase with time and eventually reach
a constant equilibrium value. In this work, enrichment
increased up 5 h, where after it started to decline,
probably due to exhaustion of the buffer capacity of
the acceptor, leading to pH changes. It was assumed
that the system was at equilibrium after 5 h.

A related characteristic of the extraction is the
extraction efficiency, i.e. the fraction of analyte
extracted from the sample. The extraction efficiency
was determined by using Eq. (2).

E ¼ Ee � VA

VS

ð2Þ

2.7. Determination of Cfree (free concentration) drugs in
sludge

For the acidic drugs naproxen and diclofenac that
are present in sludge sample, equilibrium between the
freely dissolved form and the bound form is estab-
lished. Naproxen and diclofenac absorb and bind to
the surface of sludge particle. Therefore, the fraction
of free concentration of drugs in water is reduced.
The sludge – water partition coefficient (KSW) based
on Eq. (3) is defined as:

Ksw ¼ Csludge

Cfree

ð3Þ

Csludge is the concentration of the drug that is
present on the surface of sludge and Cfree is the con-
centration of drugs in water.

Table 2
LC electrospray conditions for the analysis of
pharmaceutical residues by SIM acquisition in negative ion
mode

Pharmaceuticals Retention
time (min)

Analytical
ion [M–H]�

(m/z)

Cone
voltage (V)

Naproxen 7.94 229 10

Diclofenac 11.18 294 20
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3. Results and discussion

3.1. Organic solvent

The selection of extraction solvent is important in
HF-LPME in order to obtain efficient analyte precon-
centration, good sensitivity, precision, and selectivity
in the extraction of the target compounds. Fast diffu-
sion of the analytes and thereby, high enrichment is
favored by a less-viscous membrane liquid, while the
stability of the membrane is favored using a less-polar
liquid with higher viscosity [3]. DHE with a medium
polarity was shown in previous work to be suitable
for the extraction of the actual analytes [3,31]. There-
fore, DHE was selected for these experiments.

3.2. Optimization of the HF-LPME conditions using
Taguchi design

The first step in the HF-LPME extraction is to opti-
mize the operating conditions to obtain an efficient
extraction of target compounds and avoid the co-
extraction of undesired compounds. Since various
parameters potentially affect the extraction process,
the optimization of the experimental conditions is a
critical step in the development of a HF-LPME
method. Therefore, an OAD with an OA16 (45) matrix
was employed to evaluate the effects of five factors,

namely pH of the donor phase, concentration of the
acceptor buffer phase, stirring speed, extraction time,
and ionic strength (salt concentration) in the donor
phase. Each factor was evaluated in four levels
(Table 3). For increasing the precision of the optimiza-
tion process, each experiment was repeated leading to
a total of 32 experiments. The data obtained from
orthogonal array experiments were evaluated by
means of range analysis and analysis of variance
(ANOVA).

The range analysis was visualized using main
effects plots (Figs. 3 and 4) for naproxen and diclofe-
nac. The plots indicate how the extraction efficiency
changes when the level of each factor changes. These
figures were obtained from the mean value of each
response for the corresponding factors at each level.

ANOVA results for the calculated models are
shown in Tables 4 and 5 for naproxen and diclofenac,
respectively. The sum of squares (SS) for different
variables and the error estimate of the experiments
were calculated based on the method described in the
literature [32]. The ANOVA results showed that all
factors were statistically significant at p< 0.05 for both
naproxen and diclofenac. Furthermore, from the rela-
tive contribution (Tables 4 and 5), it can be deduced
that the most important factor contributing to the
extraction efficiency was extraction time in the case of
naproxen, and ionic strength in the case of diclofenac.
Moreover, concentration of the acceptor buffer seems
to be the least-important (although statistically signifi-
cant) factor affecting the extraction of both pharma-
ceuticals.

Table 3
OA16 (45) experimental design for the optimization of HF-
LPME extraction of naproxen and diclofenac

Trial no. A B C D E

1 3 720 8 0.08 0

2 5 1,200 1 0.08 5

3 2 960 8 0.04 5

4 2 480 3 0.08 15

5 2 720 1 0.1 10

6 1.5 1,200 8 0.1 15

7 3 960 1 0.06 15

8 3 1,200 3 0.04 10

9 3 480 5 0.1 5

10 1.5 480 1 0.04 0

11 5 720 5 0.04 15

12 5 480 8 0.06 10

13 1.5 720 3 0.06 5

14 5 960 3 0.1 0

15 2 1,200 5 0.06 0

16 1.5 960 5 0.08 10

A (pH of donor phase), B (stirring speed, rpm), C (extraction

time, h), D (concentration of acceptor phase, mol L�1), (E (salt%,

w/v).

Fig. 3. The effect of pH of the donor phase, stirring speed,
extraction time, concentration of acceptor buffer, and
concentration of salt on HF-LPME of naproxen. Levels of
the parameters are pH of donor phase: 1.5, 2, 3, and 5;
stirring speed: 480, 720, 960, and 1,200 rpm; extraction
time: 1, 3, 5, and 8h; concentration of acceptor: 0.04, 0.06,
0.08, and 0.1mol L�1; salt concentration: 0, 5, 10, and 15%
(w/v).
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3.3. Selection of pH conditions

Naproxen and diclofenac are ionizable analytes
and should be in their neutral form in the donor
phase so that they can be transferred into the organic
phase, while in the acceptor phase, they should exist
in their ionized form and therefore, cannot be back-
extracted into the organic phase. Generally, it is
recommended that for acidic analytes, the pH in the
sample should preferably be two units below the pKa

value. Therefore, the influence of donor phase pH was
investigated by adjusting the sludge solution to differ-
ent pH values. As seen in Figs. 3 and 4, when their
ionization is inhibited (pH<4), the enrichment factor
and extraction efficiency increase significantly.
The donor phase pH was adjusted to 3 in further
experiments.

Ammonium carbonate buffer was used as acceptor
phase because it is a volatile buffer suitable for ESI-
MS and provides a suitable pH (9.5) for analytes to
become deprotonated and trapped in the acceptor
phase. As mentioned above, the concentration has lit-
tle influence, and we selected 0.08mol L�1 ammonium
carbonate as acceptor buffer.

3.4. Influence of extraction time

In HF-LPME, the amount of extracted analyte over
time is expected to increase until equilibrium between
all phases is reached. Analyte extraction is controlled
by the physico-chemical properties of the analyte, the
sample matrix, and the organic and acceptor phases.
To determine the optimum extraction time, 50mL
samples of sludge solutions spiked at concentration of

1 ngmL�1 of drugs were extracted from 1 to 8 h.
When sufficient extraction time had elapsed for equi-
librium to establish, a further increase in the time
extraction showed a minimal effect on the extraction
efficiency and enrichment factor. The enrichment fac-
tor increased with increasing exposure time up to 5 h
(Figs. 3 and 4). At a higher extraction time than 5h,
the enrichment factor was reduced. Longer exposure
time resulted in weak reproducibility and significant
solvent dissolution. Thus, 5 h was used as extraction
time for both naproxen and diclofenac.

3.5. Influence of stirring speed

The change of stirring speed plays a role in
decreasing the thickness of the interfacial layer sur-
rounding the hollow fiber and increasing the diffusion
rate of drugs from donor phase to acceptor. Thus, it
can enhance the enrichment factor and extraction effi-
ciency. Stirring also decreases the equilibrium time.
However, with too high stirring speeds, the contact
area between sample and organic solvent is decreased
and air bubbles are produced on the surface of the
hollow fiber. Therefore, the effect of stirring rate for
naproxen and diclofenac was examined from 480 to
1,200 rpm. As shown in Figs. 3 and 4, extraction effi-
ciency was improved by increasing the stirring rate
up to 960 rpm. Therefore, subsequent experiments
were performed by stirring at 960 rpm.

3.6. Influence of salt

Salt is often added to the donor phase in order to
increase the ionic strength and enhance the analyte
extraction by increasing the salting-out power. With
the change of the ionic strength, the viscosity will
change and negatively affect the kinetics of the pro-
cess. These two factors will alter the partition coeffi-
cient between the donor and the acceptor phase.
Sludge is a complex matrix and its viscosity is high.
In order to evaluate the effect of salt addition, differ-
ent amounts of NaCl were added to the sludge sam-
ple with concentration 1 ngmL�1 of naproxen and
diclofenac giving NaCl concentrations of 0–15%
(w/v). As it can be seen from Figs. 3 and 4, a high
concentration of salt has a negative effect on the
enrichment factor.

3.7. Method validation and preconcentration of analytes in
sludge sample

A number of performance parameters of the
proposed HF-LPME method were calculated under
optimized conditions described in the previous

Fig. 4. The effect of pH of the donor phase, stirring speed,
extraction time, concentration of acceptor buffer, and
concentration of salt on HF-LPME of diclofenac. Levels of
the parameters are pH of donor phase: 1.5, 2, 3, and 5;
stirring speed: 480, 720, 960, and 1,200 rpm; extraction
time: 1, 3, 5, and 8h; concentration of acceptor buffer: 0.04,
0.06, 0.08, and 0.1mol L�1; salt concentration: 0, 5, 10, and
15% (w/v).
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sections and shown in Table 6. The LOD and limit of
quantification (LOQ) were determined as the mini-
mum detectable amount of analyte with a signal to
noise ratio (S/N) of 3 and 10, respectively. LOD and
LOQ for naproxen and diclofenac were in the range of
0.2–0.7 and 0.7–2.5 ng g�1 in sludge samples, respec-
tively. The precision of the proposed method was
evaluated in terms of repeatability relative standard
deviation (RSD%<5, n= 5) for spiked sludge samples.
Enrichment factors were evaluated for five sludge
samples and the average values were calculated for
each compound. The average enrichment factors were

2,300 and 1,400 for naproxen and diclofenac, respec-
tively (see Table 6).

This method was applied for the determination of
naproxen and diclofenac in sludge samples. A sludge
sample was spiked with the studied analytes at
concentration levels of 10 and 100 ng g�1 and submit-
ted to the HF-LPME procedure described in Section 2.
For evaluating the accuracy of the method, 0.5 g
sludge was extracted by PLE using ASE 300-acceler-
ated solvent extractor (Dionex, Sunnyvale, CA)
equipped with 33mL stainless steel extraction cells.

Table 6
Performance of the HF-LPME method with LC-MS in
sludge sample

Analystes LOD
(ngg�1)

LOQ
(ngg�1)

RDSa (%)
(n = 5)

(r2) EFb

Diclofenac 0.7 2.5 3 0.9976 1,400

Naproxen 0.2 0.7 5 0.9949 2,300

aDiclofenac and naproxen concentration was 1ngmL�1 for which

R.S.D. was obtained. bEnrichment factor.

Table 7
Results obtained from analysis of sludge sample during
the spring

Analystes Concentration
found in sludge
(ng g�1)

Spiked
level
(ng g�1)

PLE
+ SPE
Ra a

HF-
LPME
Ra

Diclofenac 35.0 10 85.5 87.3

100 88.3 89.5

Naproxen 45.0 10 99.4 101.2

100 102.1 100.4

aRelative recovery (average of three determinations).

Table 5
ANOVA results for the optimization of HF-LPME of diclofenac

Source DOFa SS Variance F-ratiob Pure SS PC %c

pH of donor phase 3 180.72 60.24 68.45 178.08 9.70

Stirring speed 3 180.33 60.11 68.31 177.69 9.68

Extraction time 3 393.78 131.26 149.16 391.14 21.32

Concentration of acceptor 3 71.85 23.95 27.22 69.21 3.77

Salt% 3 993.76 331.25 376.42 991.12 54.01

Error 16 14.13 0.88 27.76 1.51

Total 31 1834.99 100.00

aDegrees of freedom. bFcritical (3, 16; 0.05) = 3.24. cPercent contribution.

Table 4
ANOVA results for the optimization of HF-LPME of naproxen

Source DOFa SS Variance F-ratiob Pure SS PC %c

pH of donor phase 3 10663.93 3554.64 28.79 10293.55 19.53

Stirring speed 3 7357.93 2452.64 19.87 6987.55 13.26

Extraction time 3 24386.43 8128.81 65.84 24016.05 45.57

Concentration of acceptor phase 3 2650.70 883.57 7.16 2280.32 4.33

Salt% 3 5667.54 1889.18 15.30 5297.16 10.05

Error 16 1975.35 123.46 3827.25 7.26

Total 31 52701.88 100.00

aDegrees of freedom. bFcritical (3, 16; 0.05) = 3.24. cPercent contribution.
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The sludge samples were spiked with a standard
mixture of analytes to 10 and 100ng g�1 concentra-
tions. Optimization of extraction parameters and
extraction method was followed according to the pre-
viously reported method [12]. The extraction method
was established with the following parameters: 0.5 g
of sample, temperature 100˚C, methanol/water, 1/2
(v/v) as extraction solvent, temperature 100˚C, a pre-
heating period of 5min, 3 static cycles, each lasting
5min, and total flush volume of 100% of cell with
60 s of nitrogen purge. The extract obtained in PLE
was diluted to 500mL with HPLC water (methanol
<5%) and processed by SPE. Finally, the compounds
were eluted with 8mL of methanol at a flow rate of
1mLmin�1.The SPE extracts were evaporated under
a nitrogen stream and reconstituted with 1mL of
methanol. Prior to the analysis, the samples were
passed through 0.45lm filters. The data obtained
with the proposed PLE methods for real samples are
presented in Table 7. The results of analysis of sam-
ples showed that the proposed method can be reli-
ably used for the determination naproxen and
diclofenac in different matrixes.

3.8. A comparison of analytical performance data

A comparison of the presented method with other
reported preconcentration methods for the determina-
tion of naproxen and diclofenac in sewage sludge
samples is given in Table 8. In comparison with other
reported methods, HF-LPME has a low LOD, low
RSD, and minimum use of organic solvent (a few
microliters of DHE). The evaluation of the technique
was done with few experiments because of using
experimental design method.

4. Conclusions

A method based on HF-LPME sample pretreat-
ment was successfully developed for the extraction
and preconcentration of naproxen and diclofenac in
sludge samples. Three-phase HF-LPME as a clean-up
method decreased the matrix effect and produced rel-
atively high enrichment factors in the extract of the
sewage sludge. Taguchi OAD was employed to opti-
mize the HF-LPME conditions for the determination
of target analytes. OAD led to considerable time-sav-
ing and considered interactions among extraction con-
ditions, which were not possible in a univariate
approach. An OA16 (45) matrix was employed to eval-
uate the effects of the five factors in four levels. The
data obtained from orthogonal array experiments
were evaluated by means of range analysis and
ANOVA. The ANOVA results showed that all factors
were statistically significant at p< 0.05 for both
naproxen and diclofenac. The proposed method
showed good repeatability and low detection limits.
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