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Abstract In this study, solid-phase extraction combined with
dispersive liquid-liquid microextraction is presented for the
simultaneous determination of trace amounts of deltamethrin
and permethrin in honey by gas chromatography—mass spec-
trometry. First, permethrin and deltamethrin were extracted
from polluted honey samples by ultrasound-assisted liquid—
liquid extraction followed by solid-phase extraction (SPE).
Then, the analytes were eluted from the SPE cartridge. The
elution solvent containing trace amounts of analytes was ap-
plied in dispersive liquid-liquid microextraction (DLLME)
step as disperser solvent for further purification and
preconcentration of deltamethrin and permethrin. The impor-
tant parameters such as the type and volume of the solvent for
initial extraction of pesticides from honey matrix, the amount
of honey, and type and volume of extraction solvent and elu-
tion solvent (disperser solvent) were investigated through the
process. Under the optimal conditions, good linearity in the
range of 0.2-800 ng g ' with the correlation coefficient (%)
>0.9986 and 0.9990, low limits of detection (LODs) of 0.02
and 0.04 ng g, enrichment factors of 4955 and 4925, and
relative standard deviations (RSD%, n=7) of 1.8 and 2 %
were obtained for permethrin and deltamethrin, respectively.
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The proposed procedure showed satisfactory results for simul-
taneous determination of deltamethrin and permethrin in hon-
ey. Relative recoveries of 94-99.2 % were obtained for real
sample analysis.
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Introduction

Pyrethroids have been increasingly used to replace organo-
phosphate pesticides which are widely banned due to their
highly toxic and persistent nature (Narendra et al. 2008;
Weston et al. 2013). Pyrethroid insecticides disrupt the sodium
channel which leads to the death of a variety of insects
(Thatheyus and Selvam 2013). Permethrin and deltamethrin
are two potent and common pyrethroids which are extremely
toxic to aquatic life, bees, and wildlife. Permethrin, like other
pyrethroids, disrupt nervous function by modifying the nor-
mal biochemistry and physiology of sodium channels in nerve
membrane. Human exposure to permethrin can result in nau-
sea, headache, muscle weakness, excessive salivation, respi-
ratory dysfunction, and seizures (Svobodova et al. 2003).
Deltamethrin is considered as one of the most toxic pyre-
throids. Deltamethrin is a neurotoxin which can rapidly attack
the nervous system. Bioaccumulation of deltamethrin can lead
to convulsions, ataxia, dermatitis, diarrhea, tremors, and
vomiting (Bouwman et al. 2006; Doi et al. 2006).
Application of permethrin and deltamethrin is restricted by
the US Environmental Protection Agency (EPA) due to their
toxicity (de la Cruz et al. 2014). Honeybees may collect these
insecticides while foraging blooming plants, resulting in the
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presence of insecticide residues in their honey, which would
subsequently be consumed by humans (Pirard et al. 2007).
Therefore, determination of pyretriod residues in honey is
necessary to avoid health effects on human. Unfortunately,
there are not sufficient studies to determine trace/ultra-trace
amounts of pyretriods in honey owing to the complex biolog-
ical matrix of honey. Time-consuming cleanup process and
large volume of extraction solvent are the main disadvantages
of previous methods (Al-Rifai and Akeel 1997; Driss et al.
1994; Pang et al. 2006). Furthermore, the obtained detection
limits in some of these techniques are not sufficiently satisfac-
tory (Albero et al. 2004). Different pretreatment techniques
such as liquid—solid extraction coupled with magnetic solid-
phase extraction (Jiang et al. 2013), liquid-liquid extraction
(LLE) (Shen et al. 2011), solid-phase extraction (SPE)
(Boonchiangma et al. 2012; Chen et al. 2011), single-drop
microextraction (SDME) (Pinheiro et al. 2011), liquid-phase
microextraction (LPME) (Lin et al. 2011), and homogeneous
liquid—liquid microextraction via flotation assistance
(HLLME-FA) (Haddadi et al. 2014) are reported for determi-
nation of pyrethroids in various matrixes. According to the
scientific and technical point of view, SPE is a universal pre-
treatment technique which is used for separation and enrich-
ment of trace analytes (Hennion 1999). Low solvent volume
consumption, amenable to automation, high recoveries and
good reproducibility, and proper selectivity are the advantages
of SPE (Ulrich 2000; Zwir-Ferenc and Biziuk 2006).
Recently, SPE combined with gas chromatography coupled
with an ion trap mass spectrometer detector (GC-IT/MS) has
been applied for determination of acaricides in honey samples
which showed proper analytical performance such as detec-
tion limit of 3-18 ng g ' and the linear range of 0.030—
10.0 ug g ' (Notardonato et al. 2014). Dispersive liquid—lig-
uid microextraction (DLLME) is one of the high-potential
methods of liquid-phase microextraction techniques, which
was first introduced by Rezaee in 2006 (Rezaee et al. 20006).
DLLME has been widely used for extraction and determina-
tion of different pyrethroids (Boonchiangma et al. 2012; Wang
et al. 2012). Simplicity, rapidity, microliter solvent extraction
consumption, and significantly high enrichment factor are
some of the advantages of DLLME which make this technique
prominent for many analytical procedures (Zang et al. 2009).
Combination of SPE and DLLME (SPE-DLLME) is one of
the most effective extraction techniques which have the priv-
ileges of both SPE and DLLME. In recent years, this tech-
nique has been successfully carried out as an efficient pretreat-
ment method for different analytes (Bai et al. 2013; Martinis
et al. 2010; Samadi et al. 2012; Stanisz et al. 2014; Zgota-
Grzeskowiak and Grzeskowiak 2012). Since honey has a
complex matrix with various kinds of chemical compounds,
analysis of honey for determination of trace amounts of pyre-
throids such as deltamethrin and permethrin becomes difficult.
It seems that among all reported methods, SPE-DLLME can
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ideally be applied for determination of trace amount of delta-
methrin and permethrin in complex matrix of honey. Hence,
this paper explored the applicability and the potential of SPE-
DLLME to separate/perconcentrate deltamethrin and per-
methrin in honey simultaneously. The effect of important var-
iables, including the amount of honey, the type and volume of
extraction and disperser solvents, ionic strength, and flow rate
on the performance of the method, was studied.

Materials and Methods
Materials

Deltamethrin and permethrin with the highest purity were pur-
chased from Merck (Darmstadt, Germany). A stock standard
solution of deltamethrin and permethrin (1000 mg kg ') was
prepared in methanol. The interest working standard solutions
were prepared by dilution of the standard solutions in deion-
ized water and stored at 4 °C. Methanol, acetone, ethanol,
chlorobenzene, dichloroethane, carbon tetrachloride, and ace-
tonitrile were all in analytical grade and obtained from Merck.
Honey samples were purchased from local markets. A stock
solution of acetophenone (500 mg kg ') was prepared as in-
ternal standard solution.

Instrumentation

A Centurion Scientific (Arundel, UK) model 1020D centri-
fuge was used. Shimadzu (GC-MS; model QP5050) equipped
with a capillary column of CBP-5 (30-m length, 0.25-mm
internal diameter, and 0.25 pum of film thickness) was applied
for quantitative determination of permethrin and deltamethrin.
Helium was used as carrier gas at flow rate of 2.2 ml min™".
The temperature program was used for the analysis. The GC
injection port and the interface temperature were set at 2700
and 305 °C, respectively. The initial column temperature was
set at 100 °C and held for 1 min. The temperature program
followed by heating from 100 to 220 °C with the rate of
15 °C min~" and holding for 2 min. Finally, the temperature
increased to 300 °C with rate of 10 °C min ' and held for
4 min.

Experimental

An amount of 1.5 g of weighted honey was spiked by
50 uL of 1000 ng g ' solution of deltamethrin and per-
methrin. The mixture was stirred for 10 min, and it was
left for 5 min to reach to the equilibrium state. Fifteen
milliliters of acetonitrile/water at the volume ratio of
10:5 (v/v) was added to the spiked honey sample to ex-
tract the pesticides from honey matrix, and ultasonicated
for 10 min. Then, the solution was filtrated and the lower
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Fig. 1 Optimization of SPE parameters for the extraction of deltamethrin and permethrin from honey matrix. a Evaluation of the type of solvent, b
volume of acetonitrile as extraction solvent, and ¢ effect of acetonitrile-to-water-volume ratio (mL) (v/v)

phase was diluted by deionized water in a 50-mL volu-
metric flask. The solution was loaded on the C18 SPE
cartridge at the flow rate of 10 mL min~' by the vacuum
pump. The C18 SPE cartridge was rinsed by deionized
water to remove any residue contamination from the so-
lution. Then, the cartridge was eluted by 1 mL of meth-
anol as elution solvent. Methanol containing analytes
was collected in a 2-mL sample vessel. Thirty microliters
of carbon tetrachloride as extraction solvent was added
to methanol. The mixture of methanol, carbon tetrachlo-
ride, and analytes was rapidly injected into a conical test
tube containing 5 mL deionized water. A cloudy solution
formed in the solution due to the dispersion of carbon
tetrachloride fine droplets. Then, the mixture was centri-
fuged for 3 min at 5000 rpm. One microliter of the sed-
imentary carbon tetrachloride containing analytes was
injected into the GC-MS. The peak area in selected ion
monitoring mode (SIM) was considered as the analytical
signal for quantification.

Results and Discussions

In order to achieve the optimal conditions for simultaneous
extraction and determination of trace amounts of deltamethrin
and permethrin in honey by the proposed method of SPE-
DLLME, the main factors were optimized. Univariate method
was applied for optimization of the process.

Extraction of the deltamethrin and permethrin
from honey matrix

To figure out the potential of SPE-DLLME in separation and
determination of deltamethrin and permethrin, 1.5 g of clean
and pure honey sample was spiked with 50 uL of 1000 ng g’
solution of permethrin and deltamethrin. An ultrasound-
assisted liquid-liquid extraction is essential to extract and sep-
arate permethrin and deltamethrin from honey. Hence, four
extraction solvents of methanol, ethanol, acetone, and acetoni-
trile were considered. The solubility of honey in these solvents
is in the order of methanol > acetone > acetonitrile > ethanol.
The solubility of honey in ethanol is the least, because ethanol
cannot dissolve sugar compounds in honey matrix and honey
matrix forms a bullet-shaped structure in ethanol which reduces
the extraction of interest pesticides from the matrix. Thus,
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Fig. 2 Optimization of amount of honey on the extraction efficiency of
permethrin and deltamethrin in SPE-DLLME
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ethanol cannot be a proper solvent at this step.
Methanol dissolves honey completely. Moreover, due
to the strong hydrogen bonding of methanol with
analytes, the retaining efficiencies of analytes on the
SPE cartridge decrease and the analytes cannot be
preconcentrated and retained on the cartridge complete-
ly. Consequently, according to the obtained results in
Fig. la, acetonitrile was chosen as initial extraction sol-
vent for permethrin and deltamethrin from honey matrix.
The volume of acetonitrile was investigated in the range
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of 5-20 mL as it is shown in Fig. 1b; the volume of
15 mL was selected. In order to study the effect of the
polarity of acetonitrile on extraction efficiencies of two
analytes, the volume ratios of acetonitrile to water of
15:0, 10:5, 7.5:7.5, and 5:10 were studied. The volume
ratio of 10:5 (acetonitrile to water) showed the highest
extraction efficiencies as shown in Fig. lc. As water
was added to acetonitrile, the polarity of solution in-
creased which led to more solubility of honey, particu-
larly analytes, in acetonitrile. Generally, as the previous
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Fig.4 Optimization of a flow rate of sample solution b NaCl concentration on the extraction efficiency of permethrin and deltamethrin in SPE-DLLME
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Table 1  Analytical characteristics of the method

Analytical performance Permethrin Deltamethrin
R.S.D. (%) (n=7) 1.8 2

LOD (ng g ') 0.02 0.04

LOQ (ng g 1) 0.06 0.13

Linear range (ng g ') 0.2-800 0.2-800
Correlation coefficient (%) 0.9986 0.9990

studies show, the extraction of pesticides from food
samples was carried out by different mixtures of aceto-
nitrile, methanol, acetone and water. Furthermore, addi-
tion of small amount of water to methanol, acetone, and
acetonitrile as extraction solvents would clearly improve
the recoveries as compared to the extraction carried out
only by organic solvents (Hernandez-Borges et al. 2004;
Ravelo-Pérez et al. 2006).

Amount of Honey

The initial amount of honey is an important parameter which
implies the potential and ability of method. The effect of the
amount of honey within the range of 0.5-3 g was investigated.
As results show in Fig. 2, the extraction efficiencies are quan-
titative for both analytes until 1.5 g, and by increasing the
amount of honey, the extraction efficiency decreases.
Therefore, 1.5 g was selected as optimal amount of honey
for subsequent work.

Effect of Type and Volume of Elution Solvent (Disperser
Solvent)

The choice of elution solvent is greatly important in SPE-
DLLME method, because elution solvent not only should
elute the analytes from the SPE cartridge with the highest
efficiency but also should have the miscibility in both organic
extraction solvent and aqueous phase. Moreover, elution sol-
vent has the role of disperser solvent in DLLME step.
Therefore, the formation of cloudy solution and dispersion
of extraction solvent depends on the nature of disperser

solvent (Kocurova et al. 2012; Zang et al. 2009). Three sol-
vents of acetone, methanol, and acetonitrile were studied in
the process. Methanol can make strong hydrogen bonding
with analytes and then elute them from cartridge with the
highest efficiencies. Furthermore, methanol reacts as a suit-
able disperser solvent. The results in Fig. 3a indicate that
methanol is the proper elution/disperser solvent.

The volume of elution/disperser solvent should be suffi-
cient for two main purposes: first, to completely elute the
analytes from the SPE cartridge and, second, to increase the
dispersion of extraction solvent in the aqueous phase (Herrera-
Herrera et al. 2010; Zang et al. 2009). The volume of elution/
disperser solvent was studied in the range of 0.5-2 mL. As the
results indicate in Fig. 3b, the volume of 1 mL was chosen for
the process.

Effect of Type and Volume of the Extraction Solvent

One of the most critical factors which directly affect the ex-
traction efficiencies of the procedure is the type and volume of
extraction solvent. High density for easy sedimentation after
centrifugation and insolubility in water are the two consider-
able features of extraction solvent (Rezaee et al. 2010; Zang
et al. 2009). Therefore, the effect of four solvents—
carbontetrachloride, chlorobenzene, chloroform, 1,2-dichloro-
ethane—were studied. As the results reveal in Fig. 3¢, carbon
tetrachloride had the most extraction efficiencies for both
analytes and it was chosen as extraction solvent. The volume
of extraction solvent has a determinative role in enrichment
factor. The volume of extraction solvent was investigated in
the range of 10-60 pL. According to the results in Fig. 3d, the
optimal volume of 30 uL was obtained for further studies.

Effect of the Flow Rate of the Sample Solution

The flow rate of sample solution, loading on the SPE car-
tridge, is a leading factor which influences the time and ex-
traction efficiencies of the process. The flow rate should be
low enough for complete retention of analytes on the cartridge
and also high enough to lower the extraction time (Liu et al.
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Fig. 5 The typical GC-MS chromatogram of permethrin and deltamethrin in SIM mode
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Table 2 Comparison of the proposed method with other extraction methods for determination of the deltamethrin and permethrin

Methods RSD% Dynamic linear LOD ET® (min) ESV® (mL) Ref.
range (ng g ) (nggh
IL-DMME®-GC-MS 1.1-3.8 0.5-500 0.03-0.05 10 0.07 (Lietal 2013)
LLE-GC-MS 13-21 10-500 - 128 10 (Walorczyk and
Gnusowski 2009)
SPE-DLLME 1.8-2 0.2-800 0.02-0.04 9 0.03 This study

4 Extraction time
b Extraction solvent volume

¢ Ionic liquid-linked dual magnetic microextraction

2009). Hence, the flow rate was considered in the range of 5—
25 mL min ', The results in Fig. 4a indicate that from 5 to
15 mL min "', the extraction efficiencies are nearly constant
and, up to this range, the slight decreasing trend is observed. It
seems that at high flow rates, the retention of analytes on the
cartridge decreases. Therefore, the flow rate of 10 mL min ™"
was selected as optimal flow rate.

Effect of Salt Addition

In order to consider the ability of the method to apply in saline
matrixes, the effect of the ionic strength of the method was
investigated by adding NaCl within the range of 0-8 % (w/v).
The obtained results showed that by increasing NaCl concen-
tration up to 4 %, the extraction efficiencies of the analytes
would increase due to the salting-out effect. However, at salt
concentrations higher than 4 %, the extraction efficiencies
decrease due to the clogging of cartridge and also increasing
the viscosity of the solution which made the dispersion diffi-
cult. Therefore, based on the results in Fig. 4b, the concentra-
tion of NaCl 4 % (w/v) was chosen as the optimal salt concen-
tration for the further studies.

Analytical Performances

The analytical characteristics of the proposed method, in-
cluding limits of detection (LODs) and quantification
(LOQs), linear range, correlation coefficient, enrichment
factor, and precision, were achieved by processing stan-
dard solution of permethrin and deltamethrin. The results
are demonstrated in Table 1. The limits of detection and
quantification were considered as 3S,/m and 10Sy/m, re-
spectively (where Sy, is the standard deviation of the blank
signals and m is the slope of the calibration curve after
extraction). The limits of detection of 0.02 and
0.04 ng g ', and limits of quantification of 0.06 and
0.13 ng g~ were obtained for permethrin and deltameth-
rin, respectively. The calibration curve linearity of 0.2—
400 ng g ' was obtained for both of analytes. The corre-
lation coefficients (+%) of 0.9986 and 0.9990, and the rel-
ative standard deviations for the solution of 2 ng g ' of
analytes were 1.8 and 2 % for permethrin and deltameth-
rin, respectively, which indicated good precision of the
process. Typical GC-MS chromatogram in SIM mode is
shown in Fig. 5. At the optimal conditions, the recovery
0f 98.9 and 99.4 % was achieved for the proposed method

Table 3 Determination of

permethrin and deltamethrin in Sample Concentration of Added Per. Found Per. and Del.* Relative
real samples at optimal conditions Per. aflld Del. and DjL (ng g ") (RSD%) (n=3) recovery
(ngg) (ngg ) (%)
Per. Del. Per. Del. Per. Del. Per. Del.
Khomein honey® n.d® nd 2.5 2.5 2.35(0.4) 2.45(2.8) 94.0 98.0
nd n.d 2.5 2.5 2.47 (2.0) 2.48 (2.0) 98.8 99.2
Dena honey* n.d. n.d. 2.5 25 2.45(1.2) 2.38(0.8) 98.0 952
n.d. n.d. 2.5 25 2.32(2.6) 2.36 (1.7) 92.8 94.4

Per: stands for permethrin, Del. stands for deltamethrin

#The results are the mean of three measurements

® The honey from Khomein Company in Arak, Iran

¢ Not detected

9The honey from Dena Company in Isfahan, Iran
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which shows the high potential and high recovery of SPE-
DLLME for simultaneous preconcentration and separation
of permethrin and deltamethrin.

Comparison of Method with Other Techniques

The proposed method was compared to other techniques. The
results are indicated in Table 2. The analytical performance of
SPE-DLLME is obviously improved comparing to other stud-
ies owing to these reasons; combination of two extraction
techniques helps to obtain low detection limits, acceptable
linear range, and low RSD%. The proposed method showed
high potential for determination of permethrin and deltameth-
rin in the complex matrix of honey with high recoveries.

Analysis of the Real Sample

In order to show the potential of the proposed method, SPE-
DLLME-GC-MS was applied in Dena, Khomein honey, and a
local honey sample to preconcentarte and separate trace amount
of permethrin and deltamethrin. Reliability of the method was
investigated either by spiking the sample. As the results show
in Table 3, the obtained recovery is in the range 93-99 % for
permethrin and 94-99 % for the deltamethrin. Moreover, no
matrix effect was found in the analysis process. The obtained
results confirm the potential of the method to be applied in
complex matrixes like honey with high recoveries.

Conclusions

The present method was successfully and effectively applied
for preconcentration and determination of permethrin and del-
tamethrin in honey with perfect accuracy and precision. The
combination of SPE and DLLME led to higher sensitivity and
extraction efficiency (%). Furthermore, the prominent advan-
tages of the proposed method are very low use of organic
solvent, high enrichment factor, low detection limits, easy,
and rapid operation, and relatively short analysis time.
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