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Abstract
An ionic liquid-assisted liquid–liquid microextraction based on the solidification of floating organic droplet (ILSFOD-

LLME) was investigated for analysis of four herbicide residues (i.e. simazine, atrazine, propazine, and linuron) by high

performance liquid chromatography. For ILSFOD-LLME, the optimal extraction conditions were 5% w/v Na2SO4, 30

μL [C4MIM][PF6]RTIL, 100 μL of 1-octanol, ultrasonication time 30 s and centrifugation at 5000 rpm for 5 min. Under

the optimal conditions, linearity was obtained within the range of 0.1–1000 μg kg–1, with the correlation coefficients

greater than 0.999. The high enrichment factors of the target analytes were in the range of 64.5–139.9 and low limit of

detection could be obtained. A modified QuEChERS was applied for fruit sample preparation before analysis. Matrix

effects were also investigated using matrix matched standards for construction of the calibration graph. The proposed

method has been successfully applied for extraction and preconcentration of herbicide residues in fruit samples, and

good recoveries in the range of 87.32% to 99.93% were obtained.
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1. Introduction

Triazines and phenylureas are widely used in agri-
culture around the world as selective pre- and post-emer-
gence herbicides for the control of broadleaf and grassy
weeds.1 The intensive application of herbicides has resul-
ted in the contamination of the atmosphere, ground and
wastewaters, agricultural products and, consequently, in
the direct and indirect pollution of food and food pro-
ducts.2 The European Union (EU) legislation harmonizes
a maximum residue limits (MRLs) of the pesticides and

fixes default value of MRLs at 0.01 mg kg–1 for human
food and animal feeding stuffs.3 Because of these restric-
tions, it is important to develop simple, rapid, environ-
mentally friendly and sensitive analytical methods for
monitoring of trace level of trizine and phenylurea herbi-
cides.

Almost all of the analytical methods for herbicide
residues are based on separation techniques, i.e. gas chro-
matography (GC), high-performance liquid chromato-
graphy (HPLC), and capillary electrochromatography.
High-performance liquid chromatography (HPLC)4,5 with
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UV and PDA detection has been adopted as an effective
and reliable technique for the determination of selected
herbicides. Due to the low concentration of these com-
pounds and matrix complexity of real sample, an effective
sample preparation and preconcentration can be used.
Sample pretreatment is an important step in chemical
step, especially in the analysis of trace analytes in envi-
ronmental samples,6 and compensates for the drawbacks
of UV detector. The quick, easy, cheap, effective, rugged
and safe (QuEChERS) method has been presented for the
analysis of pesticide residues in fruits and vegetables.7 It
is based on the acetonitrile extraction, addition of salts to
induce partition and then clean-up by dispersive solid-
phase extraction (DSPE) with sorbents, such as C18, pri-
mary secondary amine (PSA) and graphitized carbon
black (GCB).8 It provides some advantages including high
recovery for wide polarity and volatility range of pestici-
des and the use of small amounts of organic solvent. Ho-
wever, one of the main drawbacks of QuEChERS metho-
dology is that there is no pesticide concentration step in
the final extract.9

Dispersive liquid-liquid microextraction (DLLME)
has been investigated to resolve this problem. However,
one of the main drawbacks of DLLME methodology is
that there is toxic organic solvent as extraction solvent
such as chlorobenzene, chloroform and carbon tetrachlo-
ride. Therefore, the development of sample preparation
methods based on green analytical chemistry is highly
interesting to investigate.10 Ionic liquids (ILs) consist of
organic cations and organic or inorganic anion with some
special characteristics, such as negligible vapor pressure,
good chemical and thermal stability, good ability to dis-
solve both organic and inorganic compounds, as well as
adjustable miscibility and polarity.11,12 At least part of the
current interest is due to the favorable environmental pro-
perties of ILs, which support their use as green solvents in
sample preparation processes.13 In 2011, ILs have been
used as extraction solvents in dispersive liquid–liquid mi-
croextraction (DLLME),14,15 microwave assisted ionic-
liquid microextraction (MAILME),16 ionic liquid–salt
aqueous two-phase floatation (ILATPF),17 and single drop
microextraction (SDME).18

The first application by ionic-liquid foaming-based
solvent floatation was reported in 2012 by Li et al.19 for
trace level determination of triazine and phenylurea herbi-
cides in yoghurt. In this work a strong and active oxidi-
zing agent such as perchloric acid was used. In this study,
a simple extraction procedure using acetonitrile, namely
modified QuEChERS, followed by preconcentration with
ionic liquid-assisted liquid–liquid microextraction based
on the solidification of floating organic droplet (ILSFOD-
LLME) was investigated for determination of some herbi-
cides, including simazine, atrazine, propazine, and linu-
ron. The experimental parameters affecting the extraction
efficiency and enrichment factor were investigated and the
proposed method was applied to analyze surface water

and fruit samples. The satisfactory recovery was achieved.
Compared to DLLME method, the proposed method of-
fers advantage of extraction and preconcentration in a
simple and sensitive extraction step. 

2. Experimental

2. 1. Chemicals and Reagents
All reagents were of at least analytical reagent gra-

de. All herbicide standards of herbicides including sima-
zine, atrazine, propazine, and linuron were obtained
from Fluka (Germany). The stock solutions of each her-
bicide were prepared at 1000 mg L–1 by dissolving each
herbicide standard in methanol. Working standard solu-
tions were prepared by diluting the stock solution with
water. Methanol (MeOH), acetonitrile (ACN) and 1-oc-
tanol of HPLC grade were obtained from Merck (Ger-
many). Sodium chloride (NaCl) and anhydrous sodium
sulphate (Na2SO4) were obtained from Ajax Finechem
(New Zealand), sodium acetate (CH3COONa) and so-
dium carbonate (Na2CO3) were obtained from Carlo Er-
ba (France). 1-butyl-3-methylimidazolium hexafluorop-
hosphate [C4MIM][PF6] RTIL was provided by Merck
(Germany). Aqueous solutions were prepared with deio-
nized water from RiOsTM Type I Simplicity 185 (Milli-
pore Waters, USA) with the resistivity of 18.2 MΩ.cm1. 

2. 2. Instrumentation

Chromatographic separation was performed on a
Waters 1525 binary HPLC pump (USA), a Rheodyne in-
jector with a sample loop of 20 μL and a Waters 2489
UV/Visible detector. The Empower software was used for
data acquisition. A LiChroCART RP-8 endcapped (4.6 ×
150 mm, 5.0 μm) column (Merck, Germany) was used. A
centrifuge (Centurion, England) was used for complete
phase separation. An ultrasonic bath (Dksh, Germany)
and a vortex mixer (Fisher Scientific, USA) were also
used.

2. 3. Ionic Liquid-Assisted Liquid–Liquid
Microextraction based on the 
Solidification of Floating Organic 
Droplet Procedure
A volume of 10.00 mL of the standard solution (or

sample solution) and 5% w/v of Na2SO4 was placed in a
conical bottom tube. The solution was then vortexed befo-
re adding 30 μL of [C4MIM][PF6] RTIL. Then, 100 μL of
1-octanol was rapidly injected into the solution through
the 1-mL syringe and the tube was ultrasonicated for 30 s
to obtain the mass transfer and provide high extraction ef-
ficiency. In order to complete the phase separation, the tu-
be was centrifuged at 5000 rpm for 5 min and the reconsti-
tuted solution was floated on the top of the solution. The
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upper phase (∼100 to 150 μL) was directly injected into
HPLC. The concentrations of the reagents used in this
work were optimized (see Optimization of ILSFOD-
LLME).

2. 4. Chromatographic Separation 
Conditions
After extraction procedure, four herbicides were se-

parated using isocratic elution of 52% (v/v) methanol in
water at a flow rate of 1.0 mL min–1. The separation co-
lumn was at room temperature. The detection was at 220
nm. Four herbicides were separated within 7 min with the
elution order of simazine, atrazine, propazine, and linu-
ron. The retention time (tR) and resolution (Rs) are shown
in Table 1.

10 min before extraction to allow the spiked solution to
penetrate the test materials.

3. Results and Discussion

3. 1. Optimization of Conditions for
ILSFOD-LLME 
Several extraction parameters for ILSFOD-LLME

such as salt addition, type and volume of RTIL, type and
volume of extraction solvent, vortex, ultrasonication and
centrifugation time, were investigated and the optimum
conditions have been established. All the experiments we-
re performed in triplicate by spiking 10 mL of water with
50 μg kg–1 of each herbicide and the mean of the results
was used for optimization of the extraction efficiency of
the method.

Generally, the addition of salt could increase the io-
nic strength of the aqueous medium with an electrolyte,
reduce the solubility of both analytes and the RTIL in the
aqueous sample solution and promote analyte transfer in-
to the organic phase.21 To investigate the effect of salt ad-
dition on the extraction efficiency, various kinds of salts
including NaCl, Na2SO4, Na2CO3, CH3COONa were stu-
died with the concentration of each salt being kept con-
stant at 1%(w/v), and the results were compared with
those obtained from the process without salt addition. As
shown in Figure 1a, it was found that the addition of
Na2SO4 provided higher extraction efficiency in terms of
peak area of target herbicides. Therefore, Na2SO4 was se-
lected for further study.

The effect of salt addition on the extraction effi-
ciency in terms of peak area was investigated by the addi-
tion of different concentrations of Na2SO4 from 1 to 10%
(w/v) into aqueous sample solution while keeping other
experimental parameters constant. As shown in Figure 1b,
the results of this study indicated that peak areas of selec-
ted herbicides increased with the increase in Na2SO4 up to
5% (w/v). Beyond this point, the extraction efficiency de-
creased because higher amounts caused an increase of the
solubility of the RTIL in aqueous phase at high ionic
strength, therefore reducing the volume of the sediment
(RTIL) phase.22 Consequently, Na2SO4 5% (w/v) was used
for further studies.

Selection of the appropriate RTIL, is an important
parameter in order to obtain satisfactory extraction perfor-
mance of the target analytes. RTIL could accelerate the
emulsification of extraction solvent into the aqueous sam-
ple solution under ultrasound, resulting in increasing the
extraction recovery. To work as an alternative solvent, an
RTIL must meet certain requirements, such as being inso-
luble in water, having a low volatility and high extraction
capability.22 Based on these consideration, 1-butyl-3-
methylimidazolium hexafluorophosphate [C4MIM][PF6]
RTIL was used in this study owing to its low viscosity and

Table 1. The retention time (tR) and resolution (Rs) of the studied

compounds after HPLC analysis

Analyte Retention time (tR, min) Resolution (Rs)
Simazine 1.48 –

Atrazine 4.65 3.72

Propazine 6.20 4.44

Linuron 6.93 2.16

2. 5. Sample Preparation
Fruit samples including orange, guava, apple and

grape were randomly purchased from local markets at
Mahasarakham province in Northeast Thailand. The edib-
le parts of fruit samples (500 g) were cut and blended us-
ing a commercial food mixer. A modified QuEChERS
method20 was applied for sample preparation of the stu-
died fruit samples. Briefly the procedure was as follows:
10 g of sample was placed in a 50-mL centrifugation tube
and mixed with 25 mL of 1% (v/v) acetic acid in acetoni-
trile, and the mixture was vortexed for 1 min. After that,
sodium acetate and anhydrous magnesium sulphate (15 g)
were added and the mixture was immediately shaken ma-
nually. The solution was then centrifuged at 3500 rpm for
10 min. The supernatant was subsequently evaporated to
dryness using a rotary evaporator (40 °C water bath). The
resulting residue was re-dissolved with 10.00 mL of water
before extraction by ionic liquid-assisted liquid–liquid
microextraction based on the solidification of floating or-
ganic droplet and analysis using HPLC.

Matrix-match calibration standards were prepared
by adding known amounts of selected herbicides from
0.01–0.50 μg g–1 to the real sample extracts. In order to
confirm the accuracy of the proposed method, recovery
was tested. For recovery determinations, samples of blen-
ded fruit were spiked with the standard solution at three
levels of concentration, 10, 50 and 100 μg kg–1, for each of
herbicide. The spiked samples were allowed to stand for
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compatability to chromatographic system, compared with
[C6MIM][PF6] and [C8MIM][PF6].

23 The effect of the
RTIL volume was studied in the range of 5–50 μL (data
not shown). It was found that symmetrical peaks, good ba-
seline and high sensitivity was observed when
[C4MIM][PF6] 30 μL was added. Thus, RTIL 30 μL was
choosen as disperser solvent.  

The selection of suitable extraction solvent is of a
great importance for the extraction of selected herbici-
des. The extraction solvent is dispersed as fine droplets
in the sample solution, which is convenient for the mass
transfer of the target analytes from the aqueous phase
into the organic phase. 1-octanol (density, 0.8240 g m-
L–1), 1-dodecanol (density, 0.8309 g mL–1) and 2-dode-
canol (density, 0.8290 g mL–1) were investigated as an
extraction solvent (data not shown). It was observed that
1-octanol provided high extraction efficiency because
1-octanol has a lower density than the other extraction
solvents and the solubility of 1-octanol in the common
dispersive solvent was low. Therefore, 1-octanol was
considered as an appropriate extraction solvent for the
microextraction step.

The volume of the extraction solvent in microextrac-
tion step has a direct influence on the volume of the floa-
ted phase and substantial enrichment factor for the final
concentration.26 Different volumes of 1-octanol (50, 100,
150, 200, 250, and 300 μL) were investigated with the ot-
her experimental parameters being kept constant. It was
found that if the extraction solvent volume is 50 μL, the
solution cannot complete phase separation. Moreover, the
extraction solvent volume more than 100 μL decreased the
peak areas of target herbicides, which may be due to the
increased extract volume with the analyte signal decrea-
sed accordingly. As can be seen from Figure 1c, the hig-
hest extraction efficiency was obtained using 100 μL of 1-
octanol. Therefore, 100 μL of 1-octanol was selected for
further studies.

Generally, the dispersion of the extraction solvent
into the aqueous sample could depend on the rotational
speed, vortex and ultrasonication time.25 Both rapid dis-
persion and mass transfer processes are the most impor-
tant parameters in the extraction process, which is regar-
ded as the interval time between the formation of cloudy
solution and before centrifuging. The effect of the ultraso-
nication time affects the mass transfer between two phases
in the extraction procedure, and the influence of ultrasoni-
cation time on the peak area was studied in the range of
30–150 s, under the optimal experimental conditions (da-
ta not shown). Results revealed that there was no signifi-
cant effect on the extraction efficiencies at different ex-
traction times. In the experiment, 30 s was chosen as ex-
traction time.

Figure 1a. Effect of salt addition on the extraction of selected her-

bicides

Figure 1b. Effect of concentration of salt on the extraction of selec-

ted herbicides

Figure 1c. Effect of volume of 1-octanol on the extraction of selec-

ted herbicides
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In extraction process, centrifugation time affects
the size of the settled phase and the concentration of
analyte in the extract phase. The effect of centrifugation
time on the extraction efficiency of the proposed method
was investigated by varying the centrifugation time from
2–10 min, at the speed of 3500 rpm (data not shown). It
was observed that the peak areas of the analyte slightly
increased up to 5 min, and then stayed constant. Thus,
centrifugation time 5 min was selected for further experi-
ments. 

3. 2. Analytical Performances

Quantitative parameters of the proposed method
such as linear ranges, linear equation, coefficient of deter-
mination (R2), precision, limit of detection (LOD), limit
of quantitation (LOQ) and enrichment factor (EF) were
evaluated under the optimal conditions (Table 2). Before
extraction using the proposed method, the selected herbi-
cides show linearity in the range from 10 to 5000 μg kg–1

with correlation coefficient (R2) greater than 0.98. Limits
of detection (LODs) of the analytes were determined ba-
sed on the signal to noise (S/N) ratio of 3 and found to be
10 μg kg–1 for all compounds. The limit of quantitation
(LOQ) (S/N = 10) was found to be 30 μg kg–1. After ex-
traction using the proposed method, the selected herbici-
des exhibit good linearity in the range from 0.1 to 1000 μg
kg–1 with correlation coefficient (R2) of 0.9991–0.9997.
Limits of detection (LODs) of the analytes were determi-
ned based on the signal to noise (S/N) ratio of 3 and found
in the range of 0.01–0.10 μg kg–1. The limit of quantita-
tion (LOQ) (S/N = 10) was found in the range of
0.03–0.30 μg kg–1. In order to test the reproducibility of
the proposed method, precision in terms of intra-day and
inter-days were studied by replicate injection of the stan-

Figure 2. Chromatogram obtained for the separation of selected

herbicides by (a) direct HPLC injection and (b) after preconcentra-

tion using ILSFOD-LLME combined with HPLC: concentration of

all standard herbicides was 500 μg kg–1.

Figure 3. Chromatogram of (a) orange sample, (b) orange sample

spiked at 10 μg kg–1 of each herbicide, (c) orange sample spiked at

50 μg kg–1 of each herbicide, and (d) orange sample spiked at 100

μg kg–1 of each herbicide 

dard mixture of 0.01 μg kg–1 each in a day (n = 5) and se-
veral days (n = 3 × 5). The relative standard deviations
(RSDs) were less than 2.88% and 6.38% for retention ti-
me (tR) and peak area, respectively. The enrichment factor
(EF), defined as the concentration ratio of the analytes in
the settled phase (Cset) and in the aqueous sample (Co),
were in the range of 64.5–139.9. The chromatograms ob-
tained for the separation of selected herbicides by direct
HPLC injection (Figure 2a) and ILSFOD-LLME combi-
ned with HPLC (Figure 2b) were compared. Using the
proposed ILSFOD-LLME, the chromatographic signals
of selected herbicides were increased. 

3. 3. Application to Real Samples

To test the applicability of the method for selected
herbicides determination in fruit samples, four fruits we-
re collected and examined. Matrix effects are known to
be problematic in pesticide residue analysis, which can
result in either decreased detection response or increased
analytical signal.8 The extent of matrix effects can be cal-
culated as the percent differences in slopes of the calibra-
tion graphs from matrix-matching vs. those from stan-
dards in solvent-only.26 In this work, matrix-matched ca-
libration was used for quantitation of the selected herbici-
des in fruit samples. The working linear range was
0.1–50 μg kg–1. The slope of the matrix-matched calibra-
tion graph is dependent on the sample matrix, however,
the correlation coefficients (R2) of greater than 0.999
were obtained for all compounds (as shown in Table 3).
From the analytical results, all target herbicides fre-
quently appeared in studied samples. The results are sum-
marized in Table 4. The concentration ranges of residues
were 2.0–4.0 μg kg–1 for simazine, 3.0–7.0 μg kg–1 for
atrazine, 0.5–4.0 μg kg–1 for propazine, and 0.2–4.0 μg



kg–1 for linuron. However, the amount of some
herbicides found in fruit sample was lower
than the MRLs established by EU (simazine,
0.01 mg kg–1 in orange, apple, and guava; atra-
zine and linuron, 0.05 mg kg–1 in orange, ap-
ple, grape, and guava). 

In order to validate the accuracy of the
presented extraction method, different
amounts of target analytes were spiked to fruit
samples at concentration levels of 10, 50, and
100 μg kg–1. The spiked samples were analy-
zed and the results are shown in Table 5. Reco-
veries were between 87.32% and 99.93%, and
RSD values ranged from 1.15% to 6.57%. The
results demonstrated that the matrix effects
caused by the fruit samples had a negligible af-
fect on the efficiency and sensitivity of the pro-
posed method. Figure 3 shows chromatograms
corresponding to real sample and real sample
spiked with selected herbicides. 

4. Conclusions

A method of ILSFOD-LLME coupled to
HPLC has been investigated for sensitive and
robust determination of selected herbicides in
fruit samples. The effective sample preparation
using modified QuEChERS method was used.
The target compounds were simply extracted
by 1-octanol with ionic liquid [C4MIM][PF6]
as green disperser solvent, which is less toxic
than the solvent normally used in the typical
conventional DLLME. The matrix-matched
calibration provided good recoveries in real
sample determination at trace levels of herbici-
des. The proposed method shows good analyti-
cal features providing low limit of detection at
the levels of 0.1 μg kg–1 which are below the
acceptable MRLs established by EU. A high
preconcentration factor in the range of 64.5 to
139.9, good recoveries and high reproducibi-
lity were also obtained. The proposed method
offers the advantages of simplicity and sensi-
tivity.
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Povzetek
Preu~evali smo mikroekstrakcijo z ionsko teko~ino, osnovano na strjeni plavajo~i organski kapljici (ILSFOD-LLME) za

analizo {tirih preostankov herbicidov (simazin, atrazin, propazin in linuron) z visoko zmogljivo teko~insko kromatogra-

fijo. Za ILSFOD-LLME so bili optimalni ekstrakcijski pogoji 5% w/v Na2SO4, 30 μL [C4MIM][PF6]RTIL, 100 μL 

1-oktanola, ~as ultrazvoka 5 min in centrifugiranje pri 5000 rpm 30 s. Pri optimalnih pogojih je bila linearnost v ob-

mo~ju 0,1–1000 μg kg–1, korelacijski koeficienti pa ve~ji kot 0,999. Visoki obogatitveni faktorji za analite so bili v ob-

mo~ju 64,5–139,9, dobili smo tudi nizko mejo zaznave. Za pripravo vzorcev sadja pred analizo smo uporabili modifici-

rano QuEChERS metodo. Raziskali smo tudi matri~ne u~inke, tako da smo standarde v ustrezni matrici uporabili za pri-

pravo umeritvene krivulje. Predlagano metodo smo uspe{no uporabili za ekstrakcijo in predkoncentracijo ostankov her-

bicidov v vzorcih sadja, Dobili smo dobre izkoristke v obmo~ju 87,32% do 99,93%.


