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Abstract

In this study, a simple and rapid dispersive liquid-liquid microextraction method was established, and the residuals of four
isomers of hexachlorocyclohexane and six kinds of pyrethroid pesticides in milk were simultaneously determined by gas
chromatography electron capture detector (GC-ECD). The milk sample was first extracted with acetonitrile and cleaned with
primary secondary amine (PSA). Then 0.5 mL of acetonitrile was mixed with 140 pL of cyclohexane and rapidly injected into 3
mL of pure water. After vortexing and centrifugation, the floating phase was removed with a 0.1-mL pipette into the GC-ECD.
The type and volume of extraction solvent, volume of disperser solvent, volume of water, vortex time, and amount of salt were
optimized. Under optimal extraction conditions, the ten pesticides showed a good linear relationship in a certain concentration
range in milk matrix, and the correlation coefficients were greater than 0.99. The limits of detection ranged from 0.07 to 2 ug/kg,
and the limits of quantitation ranged from 0.2 to 5 ng/kg. The average recovery rates were between 70.1% and 106.3%, and the
relative standard deviations were less than 15.2%. This method can be used for the determination of hexachlorocyclohexane and
pyrethroid pesticides in milk and for subsequent research.

Keywords Dispersive liquid-liquid microextraction - Floating organic drop - Milk - Hexachlorocyclohexane and pyrethroid
pesticides

Introduction

Milk is very important in the human diet and contains nutri-
ents, such as proteins, that are necessary for human health.
Because some pesticides are distributed in crops and even
contaminate soil and water, these compounds are enriched in
the food chain and are therefore present in milk (Dagnac et al.
2009).

Hexachlorocyclohexane was widely applied in the world in
the 1960s and 1970s. The use of this pesticide stopped in the
1980s due to its high toxicity, long persistence, difficult de-
composition, wide distribution, heavy damage, and difficulty
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of remediation in the environment (Singh and Nelapati 2017).
Lindane is still used in a few areas (Berger et al., 2016). After
cows ingest feed, forage, water, and soil contaminated with
pesticides, these pesticides are converted and accumulate in
the cows, so some harmful pesticide residues are detected in
the milk (Salas et al. 2003). The maximum residue limit for
lindane in milk, as prescribed by the Codex Alimentarius
Commission (CAC), is 0.001 mg/kg (CAC 2018).
Pyrethroid pesticides are a kind of insecticide with excel-
lent bioactivity and good environmental compatibility com-
pared with those of organochlorine, organophosphorus, and
carbamate pesticides. Pyrethroids have high efficiency, a
broad spectrum, low toxicity, and low residual energy and
have become one of the main pillars of agricultural and hy-
gienic insecticides due to their biodegradation (Yu et al. 2016).
Pyrethroid pesticides can be covalently bonded to some pro-
teins in milk and therefore remain in the milk (Gao et al.
2010). The CAC has stipulated the following maximum resi-
due limits for the studied pyrethroid pesticides: 0.2 mg/kg for
bifenthrin, 0.2 mg/kg for cyhalothrin, 0.01 mg/kg for
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cyfluthrin, 0.2 mg/kg for cypermethrin, 0.01 mg/kg for
fenpropathrin, and 0.05 mg/kg for deltamethrin (CAC 2018).

Sample pretreatment is a prerequisite for actual sample
analysis. The analytes in the sample are extracted, puri-
fied, and concentrated for detection (Liu 2014). Common
methods for processing milk samples are liquid-liquid ex-
traction (LLE) (Jank et al. 2012; Knobel et al. 2013) and
solid-phase extraction (SPE) (Chung et al. 2010; Maragou
et al. 2006), but these methods have some drawbacks,
such as the need for a large amount of organic solvent
and a long time for analysis. At present, research on sam-
ple pretreatment methods is developing in the direction of
simplicity, time savings, miniaturization, and the reduc-
tion of organic solvents (Wang et al. 2012). Therefore,
rapid and environmentally friendly methods such as the
quick, easy, cheap, effective, rugged, and safe
(QuEChERS) method (Cao et al. 2013; Rubies et al.
2016), solid-phase microextraction (SPME) (Aguinaga
et al. 2007; Campillo et al. 2010), and suspended droplet
microextraction (SDME) (Liu et al. 2016) have been de-
veloped. In recent years, dispersive liquid-liquid
microextraction (DLLME) has also been used as a milk
pretreatment method (Asensio-Ramos et al. 2011).

Dispersive liquid-liquid microextraction is a liquid-phase
microextraction technique that was proposed by Berijani et al.
(2006). DLLME is based on a ternary solvent system such as
that used in homogeneous liquid-liquid extraction (Cao et al.
2016). In this method, a suitable extraction solvent and a dis-
persion solvent mixture are rapidly injected into water by a
syringe to form a cloudy solution. The analyte in the sample is
extracted into the fine droplets of the extraction solvent. After
extraction, the precipitated phase or the enriched phase col-
lected after separation is subjected to chromatography or spec-
tral detection by centrifugation (Rezaee et al. 2010). This
method increases the dispersion of the organic extraction sol-
vent in the aqueous phase due to the addition of the dispersant,
increases the contact surface between the aqueous phase and
the extraction solvent, and enables the target compound to
rapidly transfer between the sample solution and the extrac-
tion solvent. The method integrates extraction and enrich-
ment, uses less organic solvent, and has a short extraction time
and high extraction efficiency (Zgota-Grzeskowiak and
Grzeskowiak 2011).

The use of trace extraction solvents is a highlight of this
technology, which is simple to operate and low in cost.
However, commonly applied extraction solvents such as car-
bon tetrachloride (Liang et al. 2008) and tetrachloroethane (Li
et al. 2017) are highly toxic and volatile, easily cause serious
harm to operators and the environment, and are mainly
employed for the separation and analysis of analytes in water.
For food, biological samples, drugs, and other samples with
complex matrices, the extraction efficiency is low and the
selectivity is poor. Therefore, exploring low-toxicity

extractants, studying the combination of this technology with
other sample pretreatment techniques, reducing the amount of
organic solvent, and improving sample purification and en-
richment efficiency have become the main research direction
of this technology in recent years (Kokosa 2013; Cao et al.
2015).

The application of dispersive liquid-liquid
microextraction has now been extended to the analysis
of targets in milk samples. Farajzadeh et al. (2012) and
Tuncel & Senlik. (2016) studied the method of DLLME
for the determination of phthalate in milk. A method for
the extraction and quantification of four polycyclic
aromatic hydrocarbons in milk sample has been
developed by Mahmoudpour et al. (2016) using dispersive
liquid-liquid microextraction followed by HPLC. Liu
et al. (2011) developed a method of dispersive liquid-
liquid microextraction to determine polychlorinated
biphenyls and polybrominated diphenyl ethers in milk.
Campillo et al.(2013) established a dispersive liquid-
liquid microextraction method for detecting macrocyclic
lactones in milk. Farajzadeh et al. (2011) studied the ap-
plication of DLLME for the detection of triazole pesti-
cides in milk. And with the development of DLLME,
some methods have been improved which were combined
with other sample pretreatment methods for milk residual
research. Shamsipur et al. (2016) have combined SPE
with the DLLME method for the extraction and
determination of 19 pesticides in water, milk, honey, and
fruit juice. Karaseva et al. (2014) and Miao et al. (2015)
have used QUEChERS in combination with DLLME, the
two methods were proposed for determining aflatoxins B1
and M1 and organophosphorus pesticides in milk, respec-
tively. Considering environmentally friendly techniques,
Farajzadeh and Mogaddam (2016), Miao et al. (2015),
and Gao et al. (2018) have developed the DLLME
methods for the determination of synthetic phenolic anti-
oxidants, organophosphorus pesticides, and pyrethroid
pesticides in milk by floating organic solvent as extract
solvent, respectively. Dispersive liquid-liquid
microextraction is suitable for the analysis of trace or-
ganics and is a promising environmentally friendly sepa-
ration and enrichment technology. It has the advantages of
easy operation, a short analysis time, a low limit of quan-
titation, and a low consumption of organic solvents.

By optimizing the DLLME method, this paper utilized
an organic solvent with a lower density than water as an
extraction solvent which was collected by a pipette.
Moreover, this study provides an environmentally friendly
method of dispersive liquid-liquid microextraction follow-
ed by gas chromatography electron capture detector (GC-
ECD) for the simultancous determination of four isomers
of hexachlorocyclohexane and six pyrethroid pesticides in
milk.
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Materials and Methods
Reagents and Materials

Four isomers of hexachlorocyclohexane (x-HCH, 3-HCH, y-
HCH, and 6-HCH) of analytical standard grade with purities
of > 99% and six kinds of pyrethroid (bifenthrin,
fenpropathrin, cyhalothrin, cyfluthrin, cypermethrin, and del-
tamethrin) with purities of > 92% were provided by the
Department of Applied Chemistry, China Agricultural
University. Stock standard solutions (1000 mg/L) for each
compound were prepared in acetonitrile stored at — 20°C in
the dark. The solvents were all HPLC grade and were obtained
from various sources as follows: n-hexane was obtained from
Fisher Scientific (New Jersey, USA) and cyclohexane, isooc-
tane, 1-octanol, toluene, and acetonitrile were obtained from
Mreda Technology Inc. (USA). Primary secondary amine was
supplied by Agela Technologies (Tianjin, China). Milk sam-
ples were purchased from local supermarkets and stored under
the recommended storage conditions.

Instrumentation

Chromatographic analyses were performed on a Shimadzu
GC-2010 (Kyoto, Japan) GC system, equipped with an
electron capture detector and an AOC-20i auto-injector
in splitless mode (sampling time, 1 min). The separation
was carried out on a ZB-5 fused silica capillary column
(30 m x 0.25 mm I.D., film thickness 0.25 pm), and
nitrogen was used as the carrier gas at a flow rate of
0.72 mL/min. The injector was held at 260°C, and the
detector was maintained at 280°C. The GC oven temper-
ature was initially held at 100°C for 1 min, increased to
280°C at a rate of 20°C/min and held for 15 min.

Preparation of Standard Solution and Sample

A standard solution containing 1000 mg/L for each com-
pound was prepared by dissolving them in acetonitrile and
was stored in the dark at — 20°C until use. Mixed working
solutions were prepared by dilution of standard stock so-
lution with acetonitrile. All solutions were stored in the
dark at — 20°C.

Experimental samples should be universal and typical, so
pesticide-free pure whole milk was selected as the experimen-
tal material. The commercial milk samples were acquired in
their original packaging and stored under the recommended
storage conditions.

DLLME Procedure

The samples were prepared by weighing 5 g of milk
into a 50-mL centrifuge tube. Next, 5 mL of acetonitrile
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was added, 3 g NaCl was placed in the tube, and the
mixture was vortexed vigorously for 3 min. Then, the
sample was centrifuged at 3800 rpm for 5 min. Protein,
fat, and other substances were settled at the bottom of
the tube, and the analytes were collected in the super-
natant phase. Then, 3 mL of the upper acetonitrile layer
was transferred to another centrifuge tube; the residual
carbohydrates, fatty acids, and other impurities were re-
moved by mixing with 200 mg PSA and vortexing for
I min immediately. The tube was centrifuged at
10,000 rpm for 1 min, and the supernatant was filtered
through a 0.22-um filter.

Then, 0.5 mL of the supernatant was mixed with 140 uL of
cyclohexane and quickly injected into a 10-mL centrifuge
tube containing 3 mL of pure water. After vortexing for 3
min, the tube was centrifuged at 3800 rpm for 10 min, and
the extraction solvent floating in the aqueous phase was aspi-
rated with a 0.1-mL pipette and transferred to a 250-pL con-
ical vial.

Calculation of Extraction Recovery (ER)

ER is defined as the percentage of total analyte extracted ()
to the total amount of analyte in the extraction solvent (rg;).

Cflo Vflo

ER(%) = " % 100% = <" 1 100%
no CoVo

where cp, and ¢, are the concentration of analyte in the float-
ing phase and the initial acetonitrile phase, respectively, and
Va0 and vy are the volumes of the extraction solvent and the
acetonitrile solution in DLLME, respectively. In this paper,
ER was operated to evaluate the extraction efficiency of each
parameter.

Results and Discussion
Optimization of the DLLME Procedure

In this study, DLLME was utilized to determine four
hexachlorocyclohexane and six pyrethroid pesticides in
milk. To obtain the highest extraction efficiency, some
important parameters affecting the DLLME procedure
were optimized. All experiments used initial spiked
blanks (x-HCH, y-HCH, and 58-HCH were spiked at
0.004 mg/L; B-HCH was spiked at 0.008 mg/L;
cyhalothrin was spiked at 0.02 mg/L; bifenthrin and
fenpropathrin were spiked at 0.04 mg/L; cyfluthrin and
cypermethrin were spiked at 0.08 mg/L; and deltamethrin
was spiked at 0.1 mg/L). All samples were run in tripli-
cate for each experiment.



Food Anal. Methods (2020) 13:370-381

373
Fig. 1 Comparison of extraction = s :CC:
recoveries obtained with different 120 - — Q:_HCH
extraction solvents (n = 3) B HCH
I bifenthrin
[ I fenpropathrin
T [ cyhalothrin
I cyfluthrin
[ I cypermethrin
80 — I [ deltamethrin
g - {
3 40 —
0 - = L
n-hexane isooctane cyclohexane 1-octanol toluene
extraction solvent
I 100l
I 110pL
[ 120uL
I 130pL
120 I 1400
[ 1150uL
[ 160Ul
I 170uL
1 [ ]180uL
< 80
=
o
>
(o]
O
9] i
c
o
©
o
£ 40
(0]
0 L—
X o X XOT %O o o Qa\w\“ IR «\e«\‘“ ¢
N O o X 2
N o o) SRR A
pesticides

Fig. 2 Effect of different extraction solvent volumes on the extraction recoveries of the ten analytes (n = 3)
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Fig. 3 Effect of different disperser solvent volumes on the extraction recoveries of the ten analytes (n = 3)

Selection of Extraction Solvent

The selection of extraction solvent is particularly impor-
tant in DLLME. The extraction solvent should meet the
following requirements: low solubility in water, high sol-
ubility of target compounds, density higher or lower than
that of water, and good compatibility with instrumental
analysis (Farajzadeh et al. 2014). In previous studies, ha-
logenated hydrocarbons have often been used as extrac-
tion solvents, but because of the requirements of green
chemistry and the limitations of ECD, in this study, the
extraction efficiencies of five extraction solvents (n-hex-
ane, isooctane, cyclohexane, 1-octanol, and toluene) were
explored. The dispersity of the five diverse solvents in the
liquid-liquid dispersion system is different, and the solu-
bility of the target analytes is also distinct in different
extract solvents, so the optimal extraction solvent should
be screened. A total of 100 uL of different extraction
solvents was mixed with 2 mL of acetonitrile, rapidly
injected into 5 mL of pure water, and vortexed for
5 min to compare the extraction efficiency for each spiked
sample. Figure 1 shows that the extraction efficiency of 1-
octanol and toluene for pyrethroid pesticides was poor,
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while in n-hexane, isooctane, and cyclohexane, the ERs
of n-hexane and cyclohexane to hexachlorocyclohexane
was significantly higher. Additionally, cyclohexane ex-
tracted more efficiently on pyrethroid; most of the
analytes reached the best ERs when cyclohexane was
used as the extraction solvent. Therefore, cyclohexane
was chosen as the best extraction solvent in this
DLLME procedure.

Effect of Extraction Solvent Volume

The extraction solvent volume is another important factor af-
fecting the extraction efficiency. Under the same experimental
conditions, the effects of different volumes (100, 110, 120, 130,
140, 150, 160, 170, and 180 nL) of cyclohexane on extraction
efficiency were compared. As the volume of the extraction
solvent increases, more organic phase is present in the upper
layer after centrifugation and the easier it is to remove the sol-
vent. In general, the extraction efficiency increases with the
volume of the extract solvent, but when it exceeds a certain
volume, the extraction efficiency will decrease (Caldas et al.
2010). If the volume of the extraction solvent is too small, the
analytes may not be sufficiently extracted, while if the volume
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of the extraction solvent is too large, the enrichment effect on
the analytes will be poor and does not meet the requirements of
green chemistry. The results in Fig. 2 show that when 140 uL of
cyclohexane was used as the extraction solvent, the ERs of {3-
HCH, cypermethrin, cyhalothrin, and deltamethrin reached
maximum values; when the volume of the extraction solvent
was 100 pL, the ERs of y-HCH and 6-HCH reached maximum
values; when the extraction solvent was 110 uL, only the ER of
«-HCH reached a maximum value; when the extraction solvent
was 130 pL, the ERs of cyfluthrin and cypermethrin reached
maximum values; and the ER of bifenthrin reached a maximum
at an extraction solvent volume of 150 pL. In summary, when
the extraction solvent volume was 140 pL, the extraction effi-
ciency of each target compound was high, so 140 puL was
selected as the best volume of extraction solvent in DLLME.

Effect of Disperser Solvent Volume

Since the extraction solvent employed to analytes in milk was
used as a disperser solvent in this DLLME process, the effect of

4

volume (mL)

Fig. 4 Effect of water volume on the extraction recoveries of the ten analytes (n = 3)

the volume of the disperser solvent (acetonitrile phase) on the
extraction efficiency can be directly studied. Disperser solvent
volumes of 0.5, 1, 1.5, 2, 2.5, and 3 mL were mixed with 140 uL
of cyclohexane, quickly injected into 5 mL of pure water,
vortexed for 5 min, extracted, and determined. The effects of
different volumes of disperser solvent on the extraction efficiency
of DLLME were compared; when the disperser solvent volume
was small, the micro droplets formed by the organic solvent in
the aqueous phase were more conspicuous. As the volume of the
disperser solvent increased, the dispersion formed by the aqueous
phase and the organic phase became more turbid. As shown in
Fig. 3, the ERs of most analytes decreased with the increase in
disperser solvent volume, possibly because the disperser solvent
increased and the solubility of a portion of the analyte in the
aqueous phase increased accordingly. It can also be seen from
Fig. 3 that only the ERs of bifenthrin, cyhalothrin, and cyfluthrin
did not reach the maximum value when the volume of the dis-
perser solvent was 0.5 mL, and the other seven analytes reached
maximum extraction efficiencies under this condition; hence, the
disperser solvent used in this experiment was 0.5 mL acetonitrile.
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Fig. 5 Comparison of the extraction recoveries obtained with different vortex times (n = 3)

Effect of Water Volume

The volume of water also influences the dispersion state
of the dispersive liquid-liquid microextraction procedure,
while the volume of water will alter the partition coef-
ficient of the analytes between the extraction solvent
and the aqueous sample solution, which relates the ex-
traction efficiency. To study the effect of water volume,

the ERs of the ten analytes were compared for different
volumes (3, 4, 5, 6, 7, and 8 mL) of pure water under
the same conditions. The results showed that with an
increase in the pure water volume in DLLME, the
ERs of the four isomers of hexachlorocyclohexane in-
creased until reaching a water volume of 3 mL and then
remained constant, while those of the six pyrethroid
pesticides increased until reaching a water volume of 3

Table 1 Determination of linear relationship and sensitivity of the ten analytes in matrix standard solutions in milk by DLLME (n = 3)
Pesticides Concentration range (mg/L) Linear equation Correlation coefficient LOD (ug/kg) LOQ (ng/kg)
«-HCH 0.00143~0.143 y=3x10% + 7762.7 0.9952 0.07 0.2
p-HCH 0.00286~0.286 y=1x10%% + 8456.1 0.9966 0.1 0.4
y-HCH 0.00143~0.143 y=3x 10% + 4204.8 0.9981 0.07 0.2
5-HCH 0.00143~0.143 ¥ =3 x 10°% + 4401.5 0.9957 0.07 0.2
Bifenthrin 0.0143~1.43 y=233354x + 14192 0.9955 0.7 2
Fenpropathrin 0.0143~1.43 ¥ =193620x + 50047 0.9956 0.7 2
Cyhalothrin 0.0071~0.71 y =424597x + 4933.2 0.9955 0.3 1
Cyfluthrin 0.0286~2.86 y=173200x + 6730 0.9959 1 4
Cypermethrin 0.0286~2.86 y = 148625x + 8659.9 0.9951 1 4
Deltamethrin 0.0357~3.57 y=72362x + 6007.6 0.9955 2 5
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Table 2  Determination of the recovery and relative standard deviation of the ten analytes in milk by DLLME (n = 5)
Pesticides Spiked level (mg/kg) Recovery rate (%) RSD (%)
1 2 3 4 5 Average
«-HCH 0.0002 93.6 98.5 98.5 102.5 105.4 99.7 45
0.002 974 110.7 107.5 108.8 101.3 105.1 5.3
0.02 105.5 107.7 108.5 105.5 104.4 106.3 1.6
-HCH 0.0004 82.8 103.1 105.0 94.1 79.0 92.8 12.6
0.004 82.8 83.4 80.2 79.8 75.7 80.4 3.8
0.04 88.7 98.0 90.5 872 85.8 90.0 5.3
v-HCH 0.0002 101.4 89.1 84.7 90.1 105.7 94.2 9.5
0.002 95.8 101.5 103.4 103.2 96.9 100.2 3.6
0.02 101.4 106.7 104.8 100.9 98.3 102.4 32
5-HCH 0.0002 90.7 103.3 83.2 777 78.9 86.8 12.2
0.002 724 73.2 102.8 90.1 92.5 86.2 15.2
0.02 103.1 107.1 106.9 102.6 104.0 104.7 2.0
Bifenthrin 0.002 103.7 97.6 100.0 101.3 98.7 100.3 2.4
0.02 98.8 98.9 90.9 91.0 88.5 93.6 52
0.2 73.1 81.2 72.9 66.6 68.8 72.5 7.7
Fenpropathrin 0.002 102.7 98.1 97.6 99.2 98.6 99.2 2.0
0.02 108.1 107.7 100.3 98.6 96.8 102.3 5.1
0.2 88.7 92.7 87.0 84.1 81.9 86.9 4.8
Cyhalothrin 0.001 101.2 78.7 80.8 88.3 78.9 85.6 11.2
0.01 97.6 99.6 925 96.7 90.9 95.5 3.8
0.1 89.5 89.5 94.6 78.7 79.3 86.3 8.1
Cyfluthrin 0.004 91.8 99.8 88.8 96.4 95.4 94.4 45
0.04 104.8 101.2 103.2 96.6 89.2 99.0 6.3
0.4 81.9 82.6 74.8 71.0 70.7 76.2 7.6
Cypermethrin 0.004 106.6 103.9 99.3 103.2 102.4 103.1 25
0.04 109.1 109.5 92.7 93.5 89.4 98.8 9.8
0.4 75.9 79.1 71.5 72.2 67.6 73.3 6.0
Deltamethrin 0.005 103.9 103.8 104.3 102.7 99.4 102.8 1.9
0.05 106.2 104.8 93.1 101.8 87.1 98.6 83
0.5 71.7 73.0 71.1 66.1 68.6 70.1 3.9

mL and then slowly decreased. In the liquid-liquid
microextraction process, the volume of water indirectly
affected the contact area between the extraction solvent
and the aqueous phase, thereby affecting the distribution
of the analyte between the extraction solvent and the
aqueous phase. As shown in Fig. 4 except for «-HCH
and y-HCH, the other eight analytes reached maximum
ERs in a water volume of 3 mL; in consequence, 3 mL
was the optimal water volume in the DLLME
procedure.

Optimization of Vortex Time

The vortex time plays an important role in the
DLLME process and has a certain influence on the

dispersion state of the extraction solvent. The effect
of vortex time (1, 2, 3, 4, and 5 min) on extraction
efficiency was compared while maintaining the other
experimental conditions constant. Due to the difference
in physicochemical properties between hexachlorocy-
clohexane and pyrethroids, the ER trends of the four
isomers of hexachlorocyclohexane and the six pyre-
throid pesticides varied with increasing vortex time.
The ERs of hexachlorocyclohexane increased slowly
or stabilized with increasing vortex time, while the
ERs of the six pyrethroid pesticides increased rapidly
with increasing vortex time and gradually became sta-
ble after reaching a maximum at 3 min (Fig. 5).
Consequently, the vortex time was selected to be 3
min.

@ Springer



378

Food Anal. Methods (2020) 13:370-381
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Effect of Salt Content Method Validation

In general, the addition of salt to the solution facilitates the
transfer of the analytes to the organic phase; salt concentration
is relevant to the condition of the dispersion and the solubility
of the target analytes in organic solvents, so the effect of
adding different amounts (0, 0.1, 0.2, 0.3, 0.4, and 0.5 g) of
sodium chloride on the extraction efficiency during the
DLLME procedure was investigated, and the results indicated
that the salt content has no significant impact on extraction
efficiency.

The milk sample contained none of the target pesticides which
were used for validation of the DLLME method. Linearity,
accuracy, and precision were verified under optimized exper-
imental conditions. A total of 140 uL of cyclohexane was
mixed as an extraction solvent with 0.5 mL of a disperser
solvent, rapidly injected into 3 mL of pure water, without salt,
vortexed for 3 min, and centrifuged; the upper organic phase
was collected with a pipette and then injected into the separa-
tion system.

Table 3 Comparison of the proposed method with other reported methods
Method Analyte Sample Volume of organic LOD Reference
solvent (mL) (ng/kg)
HPSEC Pyrethroid pesticides Milk 28.55 150~510  (Di Muccio et al.
1997)
SPE Four pyrethroid Porcine muscle, 49 3000~8100 (Khay et al. 2009)
pasteurized milk
SPE Organochlorine, pyrethroid pesticides Milk, fish, eggs, beef fat 155 4~127 (Bordet et al. 2002)
SPE Twenty organochlorine pesticides Tomatoes 74.5 4~57 (Morelli-Cardoso
et al. 1999)
MSPD Lindane, hexachlorocyclohexane isomers Vegetables, fruits, wheat, 11 3~6 (Abhilash et al.
pulses, medicinal plants 2009)
QuEChERS Neonicotinoid, pyrethroid, organochlorine Human milk 11.5 - (Anand et al. 2018)
QuEChERS Pyrethroid pesticides Milk - 1~8 (Gao et al. 2010)
DLLME Four isomers of hexachlorocyclohexane, Milk 5.14 0.07~2 This study

six pyrethroid pesticides

HPSEC High-performance size-exclusion chromatography, MSPD matrix solid-phase dispersion
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Linearity, Limits of Detection, and Limits
of Quantitation

In this experiment, the stock standard solutions of the ten
target pesticides were mixed, diluted with acetonitrile to a
certain concentration of the standard working solution. To
eliminate the influence of the matrix effect, the linearities of
the target compounds were obtained using milk matrix stan-
dard solutions. A standard curve was drawn with the injection
concentration as the abscissa and the peak area as the ordinate.
Linear equations and correlation coefficients were derived.
The linear ranges, linear equation correlation coefficients,
limits of detection, and limits of quantitation of the ten target
compounds in milk are shown in Table 1.

The results showed that the correlation coefficients of the
four isomers of hexachlorocyclohexane and six pyrethroid
pesticides in milk were between 0.9951 and 0.9981; the limits
of detection (LODs), which were calculated at a signal-to-
noise ratio of three, ranged from 0.07 to 2 pg/kg, and the limits
of quantitaion (LOQs), which were calculated at a signal-to-
noise ratio of ten, varied from 0.2 to 5 pg/kg. Within a certain
concentration range, the mass concentrations of all analytes
had a good linear relationship with the corresponding peak
areas.

Recovery Studies

According to the sensitivity of DLLME, all the analytes were
spiked at three different levels for the blank milk sample, with
five replicates. The above analysis method was used to obtain
the recovery rates and relative standard deviations of the four
isomers of hexachlorocyclohexane and six pyrethroid pesti-
cides in milk; the results are shown in Table 2 and Fig. 6. The
average recovery rates are between 70.1% and 106.3 %, and
the relative standard deviations (RSDs) are less than 15.2%.

These results indicated that the proposed method has very
high sensitivity and accuracy which can be used for the deter-
mination of very low levels of target pesticides in the milk
sample.

Application to Real Samples

The developed DLLME method was applied to analyze four
isomers of hexachlorocyclohexane and six pyrethroid pesti-
cides of six milk samples purchased from the China
Agricultural University supermarkets. Trace amount of the
target pesticides were below the LOQ values. The residual
analysis in real samples were confirmed by the traditional
methods of the Chinese national standard GB/T 23210-2008
(Determination of 511 pesticides and related chemicals resi-
dues in milk and milk powder—GC-MS method). The target
pesticides in the milk samples were also lower than the LOQs.

Comparison of the Proposed Method with Other
Analytical Methods

Previously, there have been reports on the residual analy-
sis of hexachlorocyclohexane and pyrethroids pesticides
in milk and other samples, such as high-performance size
exclusion chromatography (HPSEC) (Di Muccio et al.
1997), SPE (Khay et al. 2009; Bordet et al. 2002;
Morelli-Cardoso et al. 1999), matrix solid-phase disper-
sion (MSPD) (Abhilash et al. 2009), QUEChERS (Anand
et al. 2018; Gao et al. 2010), and so on. The proposed
DLLME method in this work has been compared with
some other methods of hexachlorocyclohexane and pyre-
throid pesticide residue analysis reported in literature. The
provided procedure shows obvious advantages in terms of
operational complexity, organic solvent usage and LODs.
In Table 3, the volume of organic solvent in this study
was 5.14 mL, which was less than the volume, 11 mL,
used in other literatures. Therefore, the developed
DLLME presented an environmentally friendly character-
istic. Also, the LODs of the proposed method ranged from
0.07 to 2 pg/kg, and the LODs of the reported methods
were between 1 pg/kg and 8100 pg/kg, so the DLLME
was a high-sensitivity method. The HPSEC and SPE
methods showed the disadvantages of long time and com-
plicated operation. Consequently, the proposed DLLME
method was rapid, sensitive, and meets the requirements
of green chemistry.

Conclusion

This paper developed a method based on dispersive liquid-
liquid microextraction to extract four isomers of hexachloro-
cyclohexane and six kinds of pyrethroid from milk with ace-
tonitrile. After being dispersed in water, the analytes were
finally enriched in several microliters of cyclohexane and de-
tected by GC-ECD. Compared with the Chinese national stan-
dard GB/T 23210-2008, the developed method uses a small
amount of the environmentally friendly solvent as the extract-
ant, meeting the requirements of green chemistry. The present
method is simple, fast, and has low LODs, good reproducibil-
ity for the simultaneous determination of hexachlorocyclohex-
ane and pyrethroid pesticide residues in milk.
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