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a b s t r a c t

A salting-out assisted liquid–liquid extraction (SALLE) combined with capillary high performance liquid
chromatography with diode array detector (capillary HPLC-DAD) was proposed for extraction and
determination of residues of nine sulfonylurea herbicides (SUHs) in environmental water and banana
juice samples. Various parameters affecting the extraction process such as the type and volume of the
organic solvent, sample volume, type and amount of salt, pH of the sample and vortex time were
optimized. Under optimum conditions, matrix matched calibration curves were established using river
water and banana juice samples. Good linear relationships as well as low limits of detection, LODs (0.4–
1.3 and 3–13 mg/L) and quantification, LOQs (1.3–4.3 and 10–43 mg/L) were obtained in water and banana
juice samples, respectively. The precision (intra- and inter-day) of the peak areas expressed as relative
standard deviations (%, RSD), at two concentration levels were below 10 % in both matrices. Recoveries
obtained from spiked environmental waters (river water and groundwater) and banana juice samples, at
two concentration levels, ranged from 72 to 115%. The results of the analysis revealed that the proposed
SALLE-capillary HPLC method is simple, rapid, cheap and environmentally friendly, being successfully
applicable for the determination of SUH residues in waters and banana juices.

& 2014 Elsevier B.V. All rights reserved.

1. Introduction

Sulfonylurea herbicides (SUHs) are one of the most important
classes of pesticides which have been used worldwide for the control
of many grasses and most broad-leafed weed species in a variety of
crops and vegetables [1–3]. Their use has developed rapidly because of
their high efficacies at low dosages. The sulfonylurea products are now
the second most common kind of herbicides after the glyphosates and
more than 30 products have been commercialized [4].

The intensive application of the herbicides has resulted in
contamination of the atmosphere, environmental waters, soils
and agricultural products (wheat, corn, fruits, vegetables, etc.)
[5,6]. As a result, raw fruits and vegetables as well as their
processed products, such as juices, could also be contaminated
by SUHs and hence could give rise to serious health and
safety problems for consumers. Based on these observations, the
European Union (EU) has set maximum residue limits (MRLs) of
SUHs in various agricultural products [7] and environmental water

intended for human consumption [8]. For instance, the MRLs of
SUHs in banana fruits are in the range of 10–50 mg/kg [7,9].
Consequently very sensitive analytical methods to detect ultra-
trace levels of these compounds are needed.

Different analytical techniques have been used for the determina-
tion of SUHs and other classes of urea pesticides (phenylurea
herbicides and benzoylurea insecticides) in vegetables, soil and water
matrices [10]. Due to their polar characteristics, low volatility and
thermal instability, SUHs cannot be directly determined by gas
chromatography (GC) without prior derivatization, which is a time
consuming process [11]. As a result, high performance liquid chroma-
tography (HPLC) coupled with diode array detector (DAD) [12–17],
mass spectrometry (MS) [5,18–21], or tandem mass spectrometry
(MSn) [22] have beenwidely used for the determination of SUHs. Also,
miniaturized techniques such as capillary electrophoresis (CE) [23–25]
or capillary liquid chromatography (cHPLC) with DAD [26–29] has
been applied, showing several advantages, such as better resolution,
lower detection limits and lower solvent consumption, being more
environmentally friendly than conventional HPLC.

Various sample treatment methods have been proposed for
the determination of SUHs being SPE the most popular one [3,12–
14,16,23,30]. Polar pesticides such as SUHs can be successfully
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extracted from water samples using salting-out liquid–liquid extrac-
tion (SALLE) [31,32]. This technique is based on liquid–liquid
extraction (LLE), in which the addition of an appropriate amount of
a salt to a mixture of aqueous sample and water–miscible organic
solvent causes a separation of the solvent from the mixture and thus
the formation of a two-phase system and simultaneously the target
analytes are separated into the organic phase [33,34]. For very high
polar compounds the procedure can bemodified by including an ion-
pair formation step necessary for an efficient extraction [35,36]. The
method is simple, fast, cheap, and environmentally safe and the
obtained extracts could be directly injected or evaporated and
reconstituted into a suitable solvent before to be injected into HPLC,
CE or GC instruments [33,37].

In this work, a simple, fast and environmentally friendly SALLE
methodology in combination with cHPLC-DAD has been developed
and validated for the quantitative determination at trace level of nine
SUHs in environmental water and banana juice samples. The target
analytes were chosen based on their priority of use and taking into
account the EU legislation, water samples and fruit juices were
considered relevant matrixes to demonstrate the applicability of the
method for monitoring these residues. Important parameters influen-
cing the sample extraction technique and analyte separationwere also
optimized in order to obtain maximum extraction efficiency and
sensitivity. The combination of a simple sample treatment such as
SALLE with this miniaturized technique can provide a useful method
for the monitoring of these herbicides in routine analysis.

2. Experimental section

2.1. Chemicals and reagents

Analytical standards of chlorosulfuron (CS), foramsulfuron (FRS),
nicosulfuron (NS), oxasulfuron (OS), primisulfuron-methyl (PSM),
prosulfuron (PS), triasulfuron (TS) and triflusulfuron-methyl (TSM)
were obtained from Sigma Aldrich (St. Louis, MO, USA). Flazasulfuron
(FS) was obtained from ChemService Inc (West Chester, USA). Both,
1000 mg/L of individual stock standard solutions and an intermedi-
ate working solution containing 20 mg/L for NS and FS; 10 mg/L for
FRS, OS, TS, CS, PS and PSM and 5 mg/L for TSM were prepared in
acetonitrile. Fresh intermediate working solutions were prepared
every five days. All solutions were stored under refrigeration below
4 ºC.

All chemicals and reagents used in this study were of analytical
grade, while the solvents were of HPLC grade. Methanol, acetoni-
trile, acetone and ethyl acetate were supplied by VWR BDH
Prolabo (West Chester, PA, USA); sodium hydroxide, magnesium
sulfate, acetic acid (HOAc), hydrochloric acid and sodium chloride
were purchased from Panreac-Química (Madrid, Spain); 2-
propanol and citric acid monohydrate were purchased from Sigma
Aldrich. Ultrapure water, purified with a Milli-Q Plus system
(Millipore Bedford, MA, USA), was used throughout the work.
Mobile phase solvents were filtered under vacuum through nylon
66 membranes, 0.2 mm�47 mm (Supelco, Bellefonte, PA, USA).
Nylon syringe filters, 0.22 mm�13 mm (Agela technologies, New
York) were used for filtration of the sample extracts prior to
injection into the cHPLC system.

2.2. Instrumentation

The determination of SUHs was performed using an HP-1200
series capillary HPLC (Agilent Technologies, Germany) equipped with
a capillary pump (maximum flow rate: 20 mL/min), online degasser
and autosampler (8 mL loop), column thermostat and a diode array
detector (DAD). Chromatographic separations were achieved on a
Luna C18 column (150 mm�0.3 mm I.D., 5 mm particle size) from

Phenomenex (Micron, Madrid, Spain) at a temperature of 25 1C. Data
acquisition and processing were accomplished using ChemStation
software (Rev. A.10.02) from Agilent Technologies.

A vortex Genie 2 model (Scientific industries, Bohemia, USA), a
centrifuge Universal 320R (Hettich, Tuttlingen, Germany), a nitro-
gen evaporator (System EVA-EC, VLMGmbH, Bielefeld, Germany)
were used for sample preparation. A pH-meter with a resolu-
tion of 70.1 (Crison model pH 2000, Barcelona, Spain) was also
employed.

2.3. Chromatographic conditions

The reversed phase separation of the target analytes containing
nine SUHs was performed based on a previous paper [28], using
a C18 column and a binary mobile phase consisting of solvent A
(water) and solvent B (acetonitrile), both containing 0.01% HOAc
(v/v), with a gradient program of 25–45% B (10 min), 45–55% B
(3 min), 55–75% (7 min), 75–95% B (1 min) and 95% B (13 min).
Prior to the subsequent injection, the capillary HPLC column was
re-equilibrated with the initial composition of the mobile phase for
10 min. Analysis was performed with a flow rate of 10 mL/min, using
a column temperature of 25 1C and an injection volume of 3 mL.
The DAD monitoring wavelength of 230 nm was employed [27].

2.4. Sample treatments based on SALLE

Two kinds of samples were analyzed: water and banana juice
samples. Different environmental water samples (groundwater
and river water) were collected from Castril (Granada, Spain).
Banana juice sample was also obtained from a local market in
Granada, Spain. Both water and banana juice samples were stored
at 4 1C in the dark prior to analysis, without any further sample
pretreatment.

2.4.1. Water samples
For applying SALLE, 4 mL of each water sample containing

0.1 mol/L citrate buffer pH 2 was placed into a 15 mL falcon
centrifuge tube with conical bottom. The sample was fortified
with appropriate concentrations of SUH standards and kept for
30 min for equilibration. Afterwards, 1 mL of acetonitrile was
added and the content was then gently shaken with a vortex,
at the highest vortexing speed, for about 10 s. Then, 1.6 g of
(NH4)2SO4 (i.e., 40%, m/v) was added to the mixture and further
vortexed for 3 min. At this stage, the content was separated into
two phases and the SUHs were extracted into the upper organic
phase (acetonitrile phase). To facilitate the separation of the upper
organic phase, the mixture was centrifuged for 5 min at 9000 rpm.
The supernatant was then withdrawn using a 1 mL syringe with a
sharp needle tip and transferred to a 2 mL glass vial and was then
dried under blowing nitrogen at room temperature. The residue
was re-dissolved in 200 mL of methanol containing 0.01% acetic
acid (1:1, v/v) followed by vortexing for 2 min. The solution was
then filtered with a 0.2 mm nylon filter and transferred into 200 mL
insert vial, which was housed in a 1.5 mL amber vial and finally
placed on the autosampler of the capillary HPLC equipment for
injection.

2.4.2. Banana juice sample
To apply the SALLE procedure, 2 mL of the juice samples were

placed into a 15 mL falcon centrifuge tube with conical bottom,
then fortified with an appropriate concentration of SUHs and left
for 30 min for equilibration. Before extraction, juice sample was
diluted 1:1 with 0.2 mol/L citrate buffer pH 2 in order to reduce
the matrix effect and to adjust the pH at the optimum value. Then,
after adding 1 mL of acetonitrile, the mixture was vortexed at the
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highest speed, for about 30 s to homogenize the content. There-
after, the same procedure for water samples described above was
followed (Section 2.4.1).

For both kinds of samples, a sample throughput of approxi-
mately 12 samples per hour with a preconcentration factor of 20
could be obtained.

3. Results and discussion

3.1. Optimization of HPLC conditions

Different binary mobile phases were tested, including acetoni-
trile or acetonitrile/methanol (1:1, v/v), (pure or containing 0.01 %
HOAc) as solvent B and water containing 0.01% HOAc as solvent A.
As a compromise between adequate retention times for the target
analytes and a better sensitivity, acetonitrile (solvent B) and water
(solvent A) both containing 0.01% HOAc were chosen as the mobile
phase [28].

The effect of the injection volume was investigated over the
range from 1 to 6 μL. It was observed that the peak area of all SUHs
increased with the injection volume but above 3 μL some peaks,
including FRS, OS, TSM and PSM were relatively broad and their
resolutions were not satisfactory. Thus, an injection volume of 3 mL
was chosen as a compromise between high sensitivity and
adequate peak resolution. The effect of the mobile phase flow rate
was evaluated in the range of 8–15 μL/min. In general, both
retention time and peak width of all SUHs were reduced with
the increase of the flow rate but resolution between TSM and PSM
decreased for high flow rates. As a compromise, a flow rate of
10 μL/min was chosen for further work. The column temperature
was set at 25 1C throughout this work.

3.2. Optimization of the SALLE procedure

The main factors affecting the extraction efficiency in a SALLE
procedure, such as the type and volume of the organic solvent,
sample volume, type and amount of salt, pH of the sample and
vortex time, were evaluated by mean of recovery studies.
Efficiency was evaluated by means of the recoveries of the
extraction process, estimated as the peak area ratio of the analytes
fortified before and after the application of the SALLE procedure.
All the experiments for the optimization process were performed
in triplicate (n¼3) by spiking ultrapure water with 100 mg/L of a
mixed standard solution containing nine SUHs.

3.2.1. Selection of the organic solvent
The selection of an appropriate extraction solvent is critical in a

SALLE procedure. The organic solvent must be highly polar,
miscible in water and induce phase separation up on addition of
the appropriate salt. In this work, the following solvents were
tested (polarity index are indicated in parentheses): acetonitrile
(5.8), acetone (5.1), methanol (5.1), ethyl acetate (4.4) and iso-
propanol (3.9) [33,34]. A mixture of acetone/acetonitrile (1:1, v/v)
was also investigated. A series of experiments were performed
using 3 mL water sample containing 0.1 mol/L citrate buffer (pH 2)
and 25% NaCl (m/v) and 2 mL of each organic solvent and with
exception of methanol, in which the two phase system was not
observed, the results for the rest of solvents are shown in Fig. 1.
As can be seen, the highest extraction recoveries were obtained for
almost all SUHs when acetonitrile was used as an extraction
solvent. This might be attributed to its closer polarity to that of
water [38]. Thus, acetonitrile was selected throughout the work.

3.2.2. Study of sample volume
Different sample volumes, in the range of 2–5 mL, were

investigated in order to evaluate this effect in SALLE. It was found
that in all cases the recoveries obtained for all target analytes were
in the range of 79–97%. Although recoveries obtained were in the
acceptable range, i.e., 70–120%, following the requirements set by
the European Commission [39] best results were obtained for all
SUHs (i.e., in the range of 83–97%), when 4 mL aqueous sample
were used. As a result, 4 mL was selected as the optimum volume
for the subsequent experiments.

3.2.3. Effects of the salt type and concentration
Different salts can cause different degrees of phase separation

[37,40]. Therefore, in this study the effect of three different salts;
NaCl, MgSO4 and (NH4)2SO4 were evaluated, using 25% (m/v) of
each salt, as a potential salting-out agent. It was observed that all
salts could induce phase separation, but better and reliable results
in terms of reproducibility and recoveries were obtained when
(NH4)2SO4 was used as a salting-out reagent.

Afterwards, the effect of (NH4)2SO4 concentration on the recov-
eries was evaluated by adding different amounts in the range of 0.6–
2.0 g (or 15–50%, m/v) in the aqueous sample solution. Fig. 2 shows
that the recoveries of the SUHs were improved as the amount of salt
increased from 15–40%; m/v (0.6–1.6 g) and remained approximately
constant upon addition of higher amounts of salt. Similar phenom-
enon was also reported for analysis of other acidic compounds [36].
Thus, 40%; m/v (1.60 g) of (NH4)2SO4 was chosen as the optimum
quantity for the subsequent studies.
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Fig. 1. Effect of extraction solvent type. Extraction conditions: 3 mL water sample containing 0.1 mol/L citrate buffer (pH 2) and 25% NaCl (m/v); vortex agitation time, 5 min;
centrifugation speed and time, 9000 rpm and 5 min.
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3.2.4. Effect of acetonitrile volume
The volume of acetonitrile is also one of the important para-

meters that could influence the extraction performance of SALLE.
The influence of the acetonitrile volume on the extraction recovery
is shown in Fig. 3. It can be seen that the recoveries of all SUHs
increased with the volume of acetonitrile from 0.75 to 1.0 mL and
then decreased, except for FS, upon further increase in the volume
of the acetonitrile. With low volumes, the interface between the
acetonitrile and the aqueous phases was not clear and the
collection of the organic layer was difficult. On the other hand,
with volumes upper to 1 mL, a relatively high volume of the
organic phase was separated and dried under N2 stream, taking
long time and producing some losses of analytes. Based on the
experimental results, 1 mL acetonitrile was selected as the opti-
mum volume in all the subsequent experiments.

3.2.5. Effect of sample pH
In SALLE, the sample pH is a parameter that plays a significant

role as it affects the extent of the ionization as well as the solubility

of the ionizable organic compounds. For acidic SUHs, the sample
solution should be rather acidic in order to facilitate the extraction
of the neutral molecular forms with the organic solvent [2]. The
effect of sample pH was evaluated by varying its value from 1.5 to
3.5 using 0.1 mol/L citrate buffer whose pH was adjusted using HCl
and NaOH. The obtained results showed that satisfactory recoveries
were obtained for all SUHs at pH 2. As has also been reported earlier
[1,28], the increase in the acidity of the sample solution (i.e.,
pH o2), could accelerate the acid catalyzed hydrolysis of SUHs.
Furthermore, at higher pH, the SUHs might not be completely
neutral and thus, complete transfer of the analytes to the acetoni-
trile phase could not be satisfactory. Therefore, a pH 2 was selected
as the optimum value for the subsequent studies.

3.2.6. Effect of vortex agitation time
Agitation of the sample solution also plays a key role, influen-

cing the kinetics of the extraction. Vortex shaking enhances the
contact between the acetonitrile and the aqueous solution and
thus, the formation of a two-phase system. Besides, in the present
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Fig. 2. Effect of the amount of (NH4)2SO4. Extraction conditions: 4 mL water sample containing 0.1 mol/L citrate buffer (pH 2); volume of acetonitrile, 2 mL; other conditions in Fig. 2.
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Fig. 3. Effect of the acetonitrile volume. Extraction conditions: 4 mL water sample containing 0.1 mol/L citrate buffer (pH 2) and 40% (NH4)2SO4 (m/v); other conditions in
Fig. 2.
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study, vortex-shaking was also employed to enhance the dissolu-
tion of the salting-out salt (i.e., (NH4)2SO4). Therefore, a vortex
time was evaluated in the range of 1–7 min, at the maximum
vortex speed and thus, reliable extraction recoveries were
obtained at the vortex time of 3 min. As a result, 3 min was chosen
as the optimum vortex time in further experiments.

3.3. Evaluation of the proposed method

3.3.1. Calibration curves and analytical performance characteristics
The proposed SALLE combined with the capillary HPLC-DAD

method was evaluated using matrix-matched calibration curves
established for each kind of matrix, water and banana juice
samples. River water was chosen as representative matrix in the
case of water samples. The calibration curves were constructed by
spiking the water samples with a mixture of nine SUHs at five
concentration levels: 5, 10, 25, 50 and 100 mg/L for NS and FS; 2.5,
5, 12.5, 25 and 50 mg/L for FRS, OS, TS, CS, PS and PSM and 1.25, 2.5,
6.25, 12.5 and 25 mg/L for TSM as well as for banana juice samples,
with a mixture of eight SUHs at five concentration levels: 50, 100,
150, 300, and 500 mg/L for NS and FS; 25, 50, 75, 150 and 250 for
FRS, OS, TS, PS and PSM and 12.5, 25, 37.5, 75, and 125 mg/L for
TSM. CS could not be measured in this sample because of the
presence of an interfering peak from the matrix. In both cases,
each level was extracted in duplicate (experimental replicates) at
the optimum conditions. Each extract was then injected in
duplicate (instrumental replicates). Calibration curves were
obtained by using the peak areas as instrumental responses versus
SUH concentrations. The coefficients of determination (R2) for all
the analytes were higher than 0.990, which indicated a good
linearity over the concentration range studied. The limits of
detection (LOD) and quantification (LOQ) were considered as the
minimum analytes concentrations yielding 3 and 10 times the
signal-to-noise (S/N) ratio, respectively. The performance charac-
teristics of the proposed SALLE method in both river water and
banana juice samples are shown in Table 1. For water samples the
obtained LODs were of the same order than the maximum content
recommended by EU for water samples and comparable or better
than those reported in other methods (see Table 4). In the case of
banana juice, the obtained LODs were always below the MRLs set
by EU for raw bananas and only in two cases (FRS and FS), the
LOQs were higher. In this sense, the methodology proposed in this
work could be useful for the monitoring of SUHs in environmental
water and fruit juice samples.

3.3.2. Precision study
The precision of the method was evaluated in terms of repeat-

ability (intra-day precision) and reproducibility (inter-day preci-
sion) for river water and banana juice samples. Each sample was
spiked with a mixture of SUHs at two concentration levels. For
water samples: level 1a: 6.25 mg/L for TSM, 12.5 mg/L for FRS, OS,
TS, CS, PS and PSM and 25 mg/L for NS and FS; level 2a: 12.5 mg/L
for TSM, 25 mg/L for FRS, OS, TS, CS, PS and PSM and 50 mg/L for NS
and FS; For banana juice samples: level 1b: 25 mg/L for TSM, 50 mg/
L for FRS, OS, TS, CS and PS and 100 mg/L for NS, FS and PSM; level
2b: 75 mg/L for TSM, 150 mg/L for FRS, OS, TS, CS and PS and 300 mg/
L for NS, FS and PSM. Repeatability was performed by extrac-
ting each sample in duplicate (experimental replicates) and then
injected in triplicate (instrumental replicates) on the same day,
under the same experimental conditions. Similarly, reproducibility
(intermediate precision) was evaluated by extracting each kind of
matrix (i.e., water and banana juice samples) at both concentration
levels, indicated above, for four consecutive days and each con-
centration level was injected in triplicate. The results, expressed as
relative standard deviation (RSD%) of the peak areas, are shown in
Table 2. As can be seen, satisfactory precisions (RSD less than 10%)
were obtained in all cases [39].

3.3.3. Trueness study
The applicability of the method was evaluated by performing

recovery studies in two different kinds of environmental waters
and a commercial banana juice sample in order to check the
trueness in these matrixes. Each kind of these samples was spiked
at the two concentration levels previously used for the precision
study (See Section 3.3.2). Recoveries were then calculated by
comparing the average peak area for the analytes in blank samples
(water or juice, free of analytes) spiked before the application of
the SALLE procedure with the peak area of the corresponding
sample spiked after the application of the SALLE procedure. Two
samples were summited to the procedure and then the extracts
were injected in triplicate. In all cases, the blank samples were
analyzed, but, none of these target analytes were detected in any
of these samples. However, in banana juice sample, CS was not
measured due to its poor resolution with the peak appearing from
the matrix. Recoveries and the corresponding RSD (%) of each
target SUH in river water, groundwater and banana juice samples
are shown in Table 3. The recoveries obtained with the current
method were in the range of 72–115%, in both matrices. Thus, the
results obtained with the proposed method could be considered in
agreement with the current EU legislation [39].

Table 1
Statistics and performance characteristics of the proposed SALLE- capillary HPLC method for the determination of SUHs in water and banana juice samples.

NS FRS OS TS CS FS PS TSM PSM

River water
R2 0.998 0.999 0.999 0.999 0.996 0.999 0.999 0.998 0.999
LOD (mg/L) 1.1 1.0 0.9 0.9 0.7 1.3 0.7 0.4 0.8
LOQ (mg/L) 3.6 3.3 3.0 3.0 2.3 4.3 2.3 1.3 2.7
LDRn (mg/L) 3.6–100 3.3–50 3.0–50 3.0–50 2.3–50 4.3–100 2.3–50 1.3–25 2.7–100

Banana juice
R2 0.998 0.999 0.999 0.999 nnn 0.999 0.998 0.999 0.999
LOD (mg/L) 13 5.3 5.4 7.1 nnn 7.7 5.5 3 4.3
LOQ (mg/L) 43 18 18 24 nnn 26 18 10 14
LDRn (mg/L) 43–500 18–250 18–250 24–250 nnn 26–500 18–250 10–125 14–500
MRLnn(mg/kg) 50 10 50 50 nnn 10 20 20 NA

nnnNot measured in banana juice sample due to the presence of an interfering peak; NA, non-available in the EU pesticide database.
n LDR, linear dynamic range.
nn MRL, maximum residue limit.
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Chromatograms of environmental water and banana juice
samples spiked with SUHs and analyzed by using the proposed
SALLE-capillary HPLC methodology are shown in Fig. 4.

3.3.4. Comparison with other methods
The proposed SALLE procedure in combination with capillary

HPLC has been compared with other recently reported methods
including hollow-fiber liquid-phase microextraction (HF-LPME)
[28], cloud point extraction (CPE) [17] and SPE with various
sorbent types such as ionic liquids supported on magnetic nano-
particles (IL-MNPs) [27]; silica supported gold nanoparticles (Au-
TEOS or Au-NPs) [26]; silica supported gold nanoparticles functio-
nalized ionic liquids (Au-NP-IL-Silica) [26] and C18 [22,24,26], as
well as dispersive liquid–liquid microextraction (DLLME) [29]. As
can be seen in Table 4, the proposed method needs a shorter
extraction time, smaller sample volumes and lower consumption
of organic solvents. It also provides similar or lower LODs and

wider linear ranges than other reported methods using also liquid
chromatography or capillary electrophoresis.

4. Conclusions

In this study, a simple analytical method has been proposed for
sample preparation and quantitative determination of nine SUHs
in water and banana juice samples, using SALLE in combination
with capillary HPLC-DAD. Various parameters affecting the extrac-
tion efficiency of the method including type and volume of the
organic solvent, sample volume, types and amount of salt, pH of
the sample and vortex time were investigated and optimized.
Compared with other recently reported methods, the proposed
technique offers advantages such as simplicity, shorter analysis
time and lower consumption of organic solvents and sample sizes.

The applicability of the method was evaluated in environmen-
tal water samples (river and groundwater) and a commercial
banana juice sample and, in all cases acceptable figures of merit

Table 2
Repeatability (intra-day) and reproducibility (inter-day) of the proposed method (% RSD) in spiked river water and banana juice samples.

NS FRS OS TS CS FS PS TSM PSM

River water
Intra-day(% RSD, n¼6)

Level 1a 4.3 4.3 3.6 3.1 7.5 3.8 7.5 8.9 3.8
Level 2a 0.6 0.6 1.9 1.9 3.7 3.7 3.5 1.5 1.5

Inter-day(% RSD, n¼12)
Level 1a 8.2 7.6 3.6 8.0 8.3 6.7 9.9 4.6 7.6
Level 2a 8.0 0.6 8.7 5.5 7.2 8.7 8.3 4.2 8.1

Banana juice
Intra-day (% RSD, n¼6)

Level 1b 5.3 8.1 8.1 8.5 nnn 3.4 1.2 7.1 7.0
Level 2b 3.7 4.6 3.2 6.9 nnn 4.6 8.0 7.9 8.9

Inter-day (% RSD, n¼12)
Level 1b 8.2 7.6 8.0 8.3 nnn 6.7 9.9 4.6 7.6
Level 2b 8.1 8.7 5.5 7.2 nnn 8.7 8.3 4.2 8.1

nnn Not measured in banana juice sample due to the presence of an interfering peak.
Level 1a: 6.25 mg/L for TSM, 12.5 mg/L for FRS, OS, TS, CS, PS and PSM and 25 mg/L for NS and FS.
Level 2a: 12.5 mg/L for TSM, 25 mg/L for FRS, OS, TS, CS, PS and PSM and 50 mg/L for NS and FS.
Level 1b: 25 mg/L for TSM, 50 mg/L for FRS, OS, TS and PS and 100 mg/L for NS, FS and PSM.
Level 2b: 75 mg/L for TSM, 150 mg/L for FRS, OS, TS and PS and 300 mg/L for NS, FS and PSM.

Table 3
Average recoveries (%, n¼6) for each SUH in river water, groundwater and commercial banana juice.

Analyte River water (% R (RSD)) Groundwater (% R (RSD)) Banana juice (% R (RSD))

Level 1a Level 2a Level 1a Level 2a Level 1b Level 2b

NS 105 (4.3) 94 (0.6) 88 (7.3) 108 (8.4) 79 (5.3) 90 (3.7)
FRS 102 (4.3) 91 (0.6) 88 (6.3) 95 (6.1) 108 (8.1) 89 (4.6)
OS 103 (3.6) 94 (1.9) 97 (2.4) 104 (2.8) 82 (8.1) 87 (3.29
TS 105 (3.1) 107 (1.9) 96 (8.2) 94 (4.0) 72 (2.7) 90 (6.9)
CS 93 (7.5) 96 (3.7) 98 (2.4) 92 (2.1) nnnn nnnn

FS 109 (3.8) 97 (3.7) 77 (2.6) 107 (6.4) 115 (3.7) 89 (4.6)
PS 107 (7.5) 100 (3.5) 86 (9.2) 85 (6.9) 99 (1.2) 88 (8.0)
TSM 98 (8.9) 109 (1.5) 75 (5.9) 88 (1.6) 78 (7.1) 87 (7.9)
PSM 94 (3.8) 99 (1.5) 79 (7.7) 105 (3.9) 79 (7.0) 92 (8.9)

nnnNot measured in banana juice sample due to the presence of an interfering peak
Level 1a: 6.25 mg/L for TSM, 12.5 mg/L for FRS, OS, TS, CS, PS and PSM and 25 mg/L for NS and FS.
Level 2a: 12.5 mg/L for TSM, 25 mg/L for FRS, OS, TS, CS, PS and PSM and 50 mg/L for NS and FS.
Level 1b: 25 mg/L for TSM, 50 mg/L for FRS, OS, TS and PS and 100 mg/L for NS, FS and PSM.
Level 2b: 75 mg/L for TSM, 150 mg/L for FRS, OS, TS and PS and 300 mg/L for NS, FS and PSM.
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were obtained, except for CS in banana juice sample, which was
not measured because of its poor resolution with the peak
appearing from the matrix. Based on these results, the developed
method could be used as a valuable alternative for the determina-
tion of SUHs in environmental water and juice samples.

Acknowledgments

Jimma University (Jimma, Ethiopia) is greatly acknowledged for
sponsoring the Ph.D. study of A. Gure. Departments of Chemistry
at Addis Ababa University and the research group “Quality in Food,
Environmental and Clinical Analytical chemistry, FQM-302” at the
University of Granada (Spain) are also appreciated for making all
the necessary materials and resources available for this work.

References

[1] A.K. Sarmah, J. Sabadie, J. Agric. Food Chem. 50 (2002) 6253–6265.
[2] Q.H. Wu, Y.P. Li, C. Li, C.X. Wu, Z.M. Liu, Y.X. Hou, Z. Wang, Intern. J. Environ.

Anal. Chem. 90 (2010) 891–902.
[3] S. Seccia, S. Albrizio, P. Fidente, D. Montesano, J. Chromatogr. A 1218 (2011)

1253–1259.
[4] B.-J. Hang, Q. Hong, X.-T. Xie, X. Huang, C.-H. Wang, J. He, S.-P. Li, Appl. Environ.

Microbiol. 78 (2012) 1962–1968.
[5] S. Kang, N. Chang, Y. Zhao, C. Pan, J. Agric. Food Chem. 59 (2011) 9776–9781.

[6] T. Cserháti, E. Forgács, Z. Deyl, I. Miksik, A. Eckhardt, Biomed. Chromatogr. 48
(2004) 350–359.

[7] European Commission, Off. J. Eur. Communities L 70 (2005) 1–16.
[8] Council Directive 98/83/EC on the quality of water intended for human

consumption, Off. J. Eur. Communities (1998) L330/32.
[9] EU pesticides database: 〈http://ec.europa.eu/sanco_pesticides/public/index.

cfm?event=homepage&CFID=8143663&CFTOKEN=25015105&jsessionid=
080f4348b6c3a2c3b6aTR〉 (accessed 08.04.13).

[10] H. Berrada, G. Font, J. Carlos Moltó, Crit. Rev. Anal. Chem. 33 (2003) 19–41.
[11] R. Gallitzendor̈fer, T. Timm, D. Koch, M. Küsters, M. Gerhartz, Chromatographia

73 (2011) 813–816.
[12] Y. Akiyama, N. Yoshioka, M. Tsuji, J. Food Hyg. Soc. Jpn. 43 (2002) 99–103.
[13] G. Fang, J. Chen, J. Wang, J. He, S. Wang, J. Chromatogr. A 1217 (2010) 1567–1574.
[14] H. Niu, Y. Shi, Y. Cai, F. Wei, G. Jiang, Microchim. Acta 164 (2009) 431–438.
[15] Q. Wu, C. Wang, Z. Liu, C. Wu, X. Zeng, J. Wen, Z. Wang, J. Chromatogr. A 1216

(2009) 5504–5510.
[16] Y. Peng, Y. Xie, J. Luo, L. Nie, Y. Chen, L. Chen, S. Du, Z. Zhang, Anal. Chim. Acta

674 (2010) 190–200.
[17] Y.J. Wu, X.W. Fu, H. Yang, Arch. Environ. Contam. Toxicol. 61 (2011) 359–367.
[18] A.D. Corcia, C. Crescenzi, R. Samperi, L. Scappaticcio, Anal. Chem. 69 (1997)

2819–2826.
[19] Y. Guibiao, Z. Wei, C. XIn, P. Canping, J. Shuren, Chin. J. Anal. Chem. 34 (2006)

1207–1212.
[20] J. Fenoll, P. Hellín, P. Sabater, P. Flores, S. Navarro, Talanta 101 (2012) 273–282.
[21] P. Degelmann, S. Egger, H. JüRling, J. MüLler, R. Niessner, D. Knopp, J. Agric.

Food Chem. 54 (2006) 2003–2011.
[22] S. Polati, M. Bottaro, P. Frascarolo, F. Gosetti, V. Gianotti, M.C. Gennaro, Anal.

Chim. Acta 579 (2006) 146–151.
[23] H. Hickes, M. Watrous, J. AOAC Int. 82 (1999) 1523–1533.
[24] C. Quesada-Molina, M. del Olmo-Iruela, A.M. García-Campaña, Anal. Bioanal.

Chem. 397 (2010) 2593–2601.

Table 4
Comparison of the proposed method with others reported methods for extraction and determination of SUHs in water and food samples.

Method Sample volume (mL) Linear range (lg/L) LOD (lg/L) % RSD Extraction time (min) Ref.

IL-MNPs based SPE-cHPLC-DAD Water (50) 5–100 1.1–2.9 2.3–4.9 – [27]
HF-LPME-cHPLC-DAD Water (12) 0.3–40 0.1–1.7 0.9–8.4 60 [28]
Au-TEOS based SPE i

–cHPLC-DAD Water (10) 50–1000
2.0–9.0 2.1–4.5 –

[26]Au-NP-IL-silica based SPE 2.0–6.0 2.8–4.0 –

C18 based SPE 3.0–6.0 2.6–4.1 –

SPE-HPLC-UV
Water (1000)

15–150 9.4–14.5
– 460 [22]

SPE-HPLC-MSn 15–150 5.0–8.1
CPE-HPLC-DAD Water (18) 4–2000 0.8–1.2 0.4–5.9 17 [17]
SPE-CE-UV Grape (250) 0.97–200n 0.97–8.3n 5.2–21.4 460 [24]
DLLME-cHPLC-DAD Grape juice (5) 8.0–200 2.0–9.0 1.0–9.8 o10 [29]

SALLE-cHPLC-DAD
Water (4) 1.3–100 0.4–1.3 0.6–9.9 o10 This work
Banana juice (2.5) 10–500 3–13 1.2–9.9

n μg/kg.

NS
FRS OS TS CS FS PS

TSMTSM PSM

(d)

m
A

U

40

(c)30

(b)20(i) (b)
10

0
(a)

8 10 12 14 18 20 22 24 26
min

m
A

U

80

TS
60

NS FRS OS TS
FS PS TSM PSM40(ii) PSM

(f)(f)20

0 (e)

min12 14 16 18 20 22 24

(

min

Fig. 4. (i) Chromatograms (a) and (c) show blanks of groundwater and river water samples, respectively. Chromatograms (b) and (d) correspond to groundwater and river
water samples, respectively, spiked with 12.5 mg/L for TSM; 25 mg/L for FRS, OS, TS, CS, PS and PSM and 50 mg/L for NS and FS. (ii) Chromatograms (e) and (f) correspond to a
blank and a sample of banana juice spiked with 75 mg/L for TSM; 150 mg/L for FRS, OS, TS and PS and 300 mg/L for NS, FS and PSM, respectively.

A. Gure et al. / Talanta 127 (2014) 51–58 57



[25] S. Zhang, X. Yin, Q. Yang, C. Wang, Z. Wang, Anal. Bioanal. Chem. 401 (2011)
1071–1081.

[26] M.J. Lerma-García, E.F. Simó-Alfonso, M. Zougagh, Á. Ríos, Talanta 105 (2013)
372–378.

[27] M. Bouri, M. Gurau, R. Salghi, I. Cretescu, M. Zougagh, Á. Rios, Anal. Bioanal.
Chem. 404 (2012) 1529–1538.

[28] A. Gure, F.J. Lara, N. Megersa, A.M. García-Campaña, M. del Olmo-Iruela, J. Sep.
Sci. 36 (2013) 3395–3401.

[29] A. Gure, F.J. Lara, N. Megersa, M. del Olmo-Iruela, A.M. García-Campaña, Food
Anal. Methods (2014), http://dx.doi.org/10.1007/s12161-013-9775-5.

[30] C. Chen, L. Yang, J. Zhou, J. Appl. Polym. Sci. 122 (2011) 1198–1205.
[31] S.C. Nanita, N.L.T. Padivitage, Anal. Chim. Acta 768 (2013) 1–11.
[32] J. Fenoll, P. Hellín, C.M. Martínez, P. Flores, S. Navarro, Talanta 85 (2011)

975–982.

[33] G.G. Noche, M.E.F. Laespada, J.L. Pérez Pavón, B.M. Cordero, S.M. Lorenzo,
J. Chromatogr. A 1218 (2011) 6240–6247.

[34] J. Liu, M. Jiang, G. Li, L. Xu, M. Xi, Anal. Chim. Acta 679 (2010) 74–80.
[35] C. Quesada-Molina, M. del Olmo-Iruela, A.M. García-Campaña., Talanta 115

(2013) 943–949.
[36] C. Kukusamude, R. Burakham, O. Chailapakul, S. Srijaranai, Talanta 92 (2012)

38–44.
[37] Y. Wen, J. Li, F. Yang, W. Zhang, W. Li, C. Liao, L. Chen, Talanta 106 (2013)

119–126.
[38] S. Song, E.N. Ediage, A. Wu, S.D. Saeger, J. Chromatogr. A 1292 (2013) 111–120.
[39] Method validation and quality control procedures for pesticide residues

analysis in food and feed, European Commission, SANCO/12571/2013.
[40] M. Asensio-Ramos, L.M. Ravelo-Pérez, M.Á. González-Curbelo, J. Hernández-

Borges, J. Chromatogr. A 1218 (2011) 7415–7437.

A. Gure et al. / Talanta 127 (2014) 51–5858




