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Abstract
In this work, a novel 1-benzyl-3-methylimidazolium bis[(trifluoromethyl)sulfonyl]imide  ([BeMIM][Tf2N]) ionic liquid (IL) 
was used for extracting three organophosphorus pesticides (OPPs) (ethoprophos, fenitrothion, and phoxim) from tea samples 
by dispersive liquid–liquid microextraction (DLLME). The OPPs were detected by high-performance liquid chromatogra-
phy (HPLC) with UV detector. Four  [Tf2N]-based ILs were compared during the extraction process, and  [BeMIM][Tf2N] 
showed the best performance. Acetonitrile was used as an extracting solvent in the extracting process and as a dispersant 
solvent in the DLLME process. Several parameters affecting the performance of the method including the selection of 
extraction solvent type, dispersant type, pH, extraction time, extraction temperature, salt addition, and centrifugation time 
were optimized. Under the optimal conditions, the enrichment factors of the analytes were in the range of 242.8–266.0, and 
the limit of detection was 0.1 μg/kg. The optimized method was also used for testing tea samples from different brands. The 
recoveries of the analytes were between 78.8 and 102.2%, with the RSDs were in the range of 0.9–4.5. The developed method 
is low-cost, time-saving, and reagent-saving; it is a promising and efficient sample technique for solid-sample preparation.

Keywords Ionic liquid · Organophosphorus · Tea samples · Dispersive liquid–liquid microextraction · High-performance 
liquid chromatography

Introduction

Tea is becoming a popular drink worldwide due to its unique 
flavor and the benefit to human health. During the process 
of tea cultivation and storage, to ensure the normal growth 
and storage of it, inevitably, tea farmers need to use various 
pesticides to reduce the harm of pests, weeds, and viruses 
to tea [1].

Organophosphorus pesticides (OPPs) are a class of 
broad-spectrum insecticides extensively used in agricul-
tural activities including tea cultivation for pest inhibition. 

The phosphoryl group in OPPs could covalently bond to 
the active part of the acetylcholine enzyme to form a phos-
phorylated cholinesterase, which inhibits the activity of the 
acetylcholinesterase and makes it lose its ability to decom-
pose acetylcholine, resulting in a large accumulation of 
acetylcholine in the organism, and ultimately damages the 
central nervous system and cholinergic nerves [2]. OPPs are 
such highly effective pesticides that their use accounts for 
approximately 50% of the pesticides used worldwide [3]. 
However, the soil and water pollutions caused by the abuse 
of OPPs and the difficult degradation of it after extensive 
use is threatening the environmental security and human 
life. After entering human body through various pathways, 
OPPs would cause brain dysfunction [4], neurotoxic [5], res-
piratory system damage [6], and cancer [7]. Therefore, it is 
necessary to develop a rapid, simple, and effective method 
for OPPs’ extraction and detection in tea samples.

For solid and complex matrix samples, the pretreatment 
of the samples to maximize the extraction of the analytes 
into a neat solvent is an essential step prior to analysis. 
Liquid–liquid extraction (LLE) and solid-phase extrac-
tion (SPE) are the most basic and widely used extraction 
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methods. However, the LLE procedure usually requires 
a large volume of organic solvent and is time-consuming 
and expensive to operate [8]. SPE needs less amounts of 
solvent, but it is also cumbersome to perform [9]. In the past 
two decades, due to less reagent consumption, microextrac-
tion technology such as solid-phase microextraction (SPME) 
[10, 11], liquid-phase microextraction (LPME) [12, 13], and 
dispersive liquid–liquid microextraction (DLLME) [14, 15] 
has emerged and is quickly accepted and widely used by 
researchers.

Among them, DLLME is a more popular microextraction 
technique, which has the advantages such as simplicity of 
operation, rapid extraction, low time and economic costs, 
and high enrichment factor [16]. Therefore, DLLME has 
been successfully used for the extraction and determination 
of various compounds such as benzophenone [17], metal 
[18], fungicides [19], phosphodiesterase [20], acrylamide 
[21], nitrosamines [8], and so on. Chloroform and dichlo-
romethane are the mostly used extractant in the previous 
reports on DLLME, but they are volatile, highly toxic, and 
flammable. Since zhou et al. [22] developed the DLLME 
using ionic liquid (IL) as extractant, in the past 10 years, ILs 
have been frequently used as extraction solvent in DLLME 
procedure instead of conventional organic solvent due to 
the unique properties of ILs including high extraction effi-
ciency, low vapour pressure, high thermal stability, and the 
controllable synthesis [23, 24]. Thus, IL-based dispersive 
liquid–liquid microextraction (IL-DLLME) combines both 
the superiority of ILs and DLLME and has been successfully 
applied for the extraction of glucocorticoid [25], heavy metal 
iron [26], estrogens [27], benzodiazepine [28], triazines and 
sulfonamides [29], and so on.

ILs’ family is large, and different ILs have differ-
ent solubilities and extraction properties. The type of the 
anion and the length of the alkyl chain of the cation are 
two factors influencing the solubility and miscibility of 
an IL. In recent years, bis[(trifluoromethyl)sulfonyl]imide 
 ([Tf2N])-anionic-based ILs have attracted great attention of 
researchers.  [Tf2N]-based ILs with different cations have 
been applied for the extraction of organic compound [30], 
recovery of metal ions [31, 32], absorbing water from the air 
[33],  CO2 separation [34–36], and lubricant [37]. Since the 
size of  [Tf2N] anion is bigger than  [PF6] and  [BF4],  [Tf2N] 
anion-based ILs exhibit higher hydrophobicity and capac-
ity [38], which may lead to different extraction efficiencies.

ILs have been used in the extraction process of organic 
matters from tea samples, for instance, Yang et al. applied 
IL of 1-dodecyl-3-methylimidazolium bromide–attapulgite 
 (C12MIM-ATP) and SPE method for extracting pyrethroid 
residues in tea drinks, and good linearity (2–500 μg/L) and 
limits of detection (LODs) of 0.6 μg/L were obtained [39]. 
Hu et al. employed the dispersive solid-phase extraction 
(DSPE) method with calixarene IL for the extraction of 

flavonoids in green tea, and the LOD of 0.15–0.75 μg/L as 
well as the recoveries of 92.5–104.8% was obtained [40]. 
Yang et al. used ionic liquid (IL)-modified beta-cyclodex-
trin/attapulgite (beta-CD/ATP) combined DSPE method 
to extract benzoylurea insecticides from tea beverages, the 
enrichment factors (EF) was 112–150, linearity range was 
5–500 μg/L, and LOD was 0.12–0.21 μg/L [41].

There are also some studies applied IL-DLLME for 
extraction organics and heavy metal ions from tea samples. 
Wang et al. used  [N8881][PF6] IL coupled with DLLME for 
benzoylurea insecticides extraction from water and tea bev-
erage samples, the linearity range 2–500 μg/L and the LOD 
varied between 0.29 and 0.59 μg/L [42]. Werner et al. pro-
posed trioctylmethylammonium thiosalicylate (TOMATS) 
IL-based DLLME method to extract cadmium (II), cobalt 
(II), and lead (II) ions in tea samples with the recovery was 
90–104% and the LOD was 2–13 μg/L [43]. In recent years, 
IL based on  [Tf2N] anion has also been used as extractant. 
Yang et al. reported the usage of 1-octyl-2,3-dimethylimi-
dazolium bis(trifluoromethanesulfonimide  [OMMIM][Tf2N] 
IL-DLLME for the extraction of acaricides from tea infu-
sions, the LOD was 0.44–1.0 μg/L, and the recovery was 
83–104.4% [44]. It can be seen that  [Tf2N]-based ILs are 
promising extractants in the application of DLLME method. 
As discussed above, with the same  [Tf2N] anion, ILs would 
exhibit different extraction properties when the cation is dif-
ferent. Therefore, the research on the extraction ability of 
organics from tea samples based on  [Tf2N]-ILs with differ-
ent cations is expected.

In this paper, four ILs of 1-benzyl-3-methylimida-
zolium bis[(trifluoromethyl)sulfonyl]imide  ([BeMIM]
[Tf2N]), 1,3-dibutylimidazolium bis[(trifluoromethyl)
sulfonyl]imide  ([BBIM][Tf2N]), 1,3-dihexylimidazolium 
bis[(trifluoromethyl)sulfonyl]imide  ([HHIM][Tf2N]), and 
1-octyl-3-methylimidazolium bis[(trifluoromethyl)sulfonyl]
imide  ([OMIM][Tf2N]) were used as extractant and com-
bined with DLLME to extract three OPPs (ethoprophos, 
fenitrothion, and phoxim) from tea samples. The structures 
of ILs and OPPs are shown in Figs. 1 and S2, respectively. 
Several parameters affecting the performance of the method 
were optimized including the selection of extraction solvent 
type, dispersant type, pH, extraction time, extraction tem-
perature, salt addition, and centrifugation time.

Experimental

Reagents, Standards, and Materials

Organophosphorus pesticides (OPPs) of ethoprophos, 
fenitrothion, and phoxim standards were purchased from 
Cerilliant Corporation (Texas, USA). Acetonitrile and 
methanol (HPLC grade) were obtained from Tianjin Siyou 
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Fine Chemicals Co., Ltd. (Tianjin, China). ILs of  [BeMIM]
[Tf2N],  [BBIM][Tf2N],  [HHIM][Tf2N]  [OMIM][Tf2N] used 
in this work were prepared in the laboratory. The detailed 
synthesis process was shown in the Support Information, and 
the 1H-NMR spectrum of  [BeMIM][Tf2N] is shown in Fig. 
S1. Double-distilled water was prepared for the use of aque-
ous solution. Tea samples were purchased from the local 
market (Wuhan, China). Standard solutions of the OPPs 
with the concentration of 1 g/L were prepared by dissolving 
each OPP standard (0.0100 g) into 10.0 mL acetonitrile and 
stored at 4 °C. The working solution was prepared by dilut-
ing standard solutions to 0.02 g/L with acetonitrile.

Apparatus

HPLC analysis was carried out by Shimadzu HPLC system 
which equipped with an LC-10AT pump (Shimadzu, Japan), 
an SPD-10A UV–Vis detector (Shimadzu, Japan), a Shi-
madzu VP-ODS column (150 mm × 4.6 mm i.d., 5 μm), and 
a Rheodyne 7725i six-way valve injector with 20 μL sam-
ple loop (Rheodyne, Rohnert Park, CA, USA). The mobile 
phase was the mixture of methanol and water (70/30, v/v) 
with the flow rate of 1 mL/min. The wavelength was set at 
254 nm. An 80-1 centrifuge (Huafeng Instrument Co. Ltd., 
Jintan, China) was used for centrifuging.

Extraction Procedure

Tea sample extraction (step 1):
Tea sample was to grinded into fine powder and 1 g tea 

sample was put in a 50 mL beaker and sprayed with 10 μL 
working solution of OPPs, then 5 mL of acetonitrile containing 
155 μL  [BeMIM][Tf2N] IL was added in the spiked tea sam-
ple. After that, the mixed solution was sonicated for 10 min. 
During this process, OPPs were extracted from tea powder 
into the acetonitrile phase. Next, the above mixed solution 
was centrifuged for 5 min to separate residue tea powder and 

acetonitrile solution. Then, a clear acetonitrile solution was 
obtained.

DLLME procedure (step 2):
1.0 mL acetonitrile solution containing OPPs and  [BeMIM]

[Tf2N] was taken and rapidly injected into a 10 ml centrifuge 
tube containing 5 mL double-distilled water. Then, a cloudy 
solution was formed in the centrifuge tube. Next, the above 
solution was immediately centrifuged for 5 min. Finally, 5 μL 
of sedimentary facies formed at the bottom of the centrifuge 
tube was taken and injected to HPLC system for analysis.

During the process, acetonitrile plays dual function, which 
acts as an extraction solvent in step 1 and as a dispersant sol-
vent in step 2.

Enrichment Factor and Extraction Recovery

Enrichment factor (EF) and extraction recovery (ER) were the 
two evaluating indicators of this developed method. They were 
calculated by the equations as follows:

where C0 and Csed present the original concentration and the 
concentration in sedimentary facies of the OPPs, respec-
tively. Vaq and Vsed are the volumes of aqueous solution and 
IL sedimentary facies obtained after centrifugation. The 
relative recovery (RR) was used in tea beverage samples 
analysis and it was calculated by the equation as follows:

where Cdetected, Creal, and Cadd represent the detected con-
centration of the OPPs after a known amount of standard 

EF =
Csed

C0

ER =
Csed × Vsed

C0 × Vaq

× 100% = EF
Vsed

Vaq

× 100%,

RR =
Cdetected − Creal

Cadd

× 100%,
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Fig. 1  Structures of the three OPPs
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was added into the sample, the real concentration of OPPs 
in the sample, and the concentration of the spiked known 
amount of standard in the sample, respectively. All experi-
mental data obtained were the average of three repetitions 
in each turn.

Results and Discussion

Optimization of the Proposed Method

Selection of Ionic Liquid Type

IL acts as an extractant in the extraction process. Thus, 
the type of IL is a significant factor that will influence the 
final extraction results because of their different extraction 
abilities. Therefore, the choice of IL is very important. In 
this work, four different kinds of ILs based on the same 
 [Tf2N] anion and different cations were selected for the 
enrichment of OPPs in tea sample. The ILs were  [BeMIM]
[Tf2N],  [BBIM][Tf2N],  [HHIM][Tf2N], and  [OMIM][Tf2N], 
respectively. In addition, the structures of them are shown in 
Fig. S2. To select the most appropriate ionic liquid, the same 
volume (155 μL) of these ILs was used in extracting process. 
The results are shown in Fig. 2. It is clear that when using 
 [BeMim][Tf2N], the EF reached about 260, which is the 
highest compared with other ILs. The EF of  [BBIM][Tf2N] 
showed a little lower than  [BeMim][Tf2N]. Both  [HHIM]
[Tf2N] and  [OMIM][Tf2N] showed very low EF values, 
while the ER of them were higher than  [BeMim][Tf2N] and 
 [BBIM][Tf2N], but the gap was not significant. The different 
results may due to the different structures of them. As shown 
in Fig. S2, The cation of  [BeMIM][Tf2N] is an imidazole 
functional group substituted with a benzyl group, which is 
different from other ILs. In addition, the bulkier side benzyl 

substituent group reduces the rotational freedom of the mol-
ecules, which leads to high viscosity and hydrophobicity for 
benzyl-substituted imidazole-Tf2N IL, resulting in stronger 
extraction performance. On one hand, the high hydrophobic-
ity made the volume of  [BeMIM][Tf2N] IL in sedimentary 
facies larger than the other ILs when using the same volume 
of IL, resulting in a higher ER value. On the other hand, the 
unique conjugated system of the benzene ring in  [BeMIM]
[Tf2N] IL could interact with the target molecule to enhance 
its extraction ability. Therefore, a satisfactory and superior 
extraction effect could be obtained using  [BeMIM][Tf2N] 
IL. Considering that the EF of  [BeMIM][Tf2N] was highest 
and the ER of it was also good, thus,  [BeMim][Tf2N] was 
chosen as extractant in the DLLME process in this work.

Selection of the Volume of  [BeMIM][Tf2N]

The amount of IL is a key factor that can affect the extrac-
tion efficiency. To select the optimum amount of it for using 
to extract OPPs, different volumes of  [BeMIM][Tf2N] from 
125 to 175 μL in 5 mL acetonitrile for ultrasonic extraction, 
namely, 25–37 μL of it in 1.0 mL acetonitrile in DLLME, 
were investigated, and the results are shown in Fig. 3. It can 
be seen from Fig. 4 that extraction recovery (ER) of all OPPs 
increased with the increase of the volume of IL extraction, 
while enrichment factor (EF) showed an opposite trend. That 
can be explained that on one hand, when the IL volume is 
large, it cannot be effectively dispersed during the DLLME 
process, resulting in the decrease in the efficiency of the 
distribution of OPPs from the acetonitrile phase to the IL 
phase, thereby the EF value was lower, on the other hand, 
a large volume of IL in turn increases the volume of the 
sedimentary phase, resulting in the increasing value of ER. 
Considering both the EF and ER results together, volume of 
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Fig. 2  Effect of IL type on EF (a) and ER (b). Extraction condi-
tions: IL:  [BeMIM][Tf2N] (31 μL),  [BBIM][TF2N] (31 μL),  [HHIM]
[TF2N] (31  μL),  [OMIM][TF2N] (31  μL); volume of acetonitrile: 

1.0 mL; ultrasonic time: 10 min; volume of redistilled water: 5 mL; 
centrifugation time: 5 min
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31 μL  [BeMIM][Tf2N] was selected for the DLLME proce-
dure, that is, 155 μL of it was used for ultrasonic extraction. 

Selection of Extraction Solvent

In this proposed method, the selection of extraction sol-
vent in the first stage is important. Not only is it required 
to adequately extract organic matter from the solid matrix, 
but also it is required to be miscible in both IL and aque-
ous phase. Acetonitrile is a good choice which can avoid 
extracting other matters from the  tea sample, and the 
high boiling point of acetonitrile makes it stable during 
the ultrasonic extraction process; therefore, acetonitrile 
was selected as an extraction solvent in the first extracting 
stage. The volume of acetonitrile would affect the disper-
sion of IL in the mixture, and ultimately would affect the 
values of both EF and ER; therefore, it is necessary to 

optimize the volume of acetonitrile. Thus, the volumes 
of acetonitrile from 2 to 6 mL which contained 155 μL 
 [BeMIM][Tf2N] (namely, 0.4–1.2 mL of it which con-
tained 31 μL  [BeMIM][Tf2N] in DLLME procedure) were 
investigated for OPPs’ extraction from tea sample. The 
results are shown in Fig. 4. It can be seen that EF value 
enhanced with the volume of acetonitrile increased; on the 
contrary, ER decreased. The reason was that even though 
 [BeMIM][Tf2N] IL was highly hydrophobic, it could be 
completely dissolved in acetonitrile. When the volume 
of acetonitrile was increased, the dispersion effect is 
enhanced during DLLME process.  [BeMIM][Tf2N] IL was 
present in finer droplets, and its solubility was increased 
in acetonitrile/water solution. As a result, the sedimentary 
facies volume of  [BeMIM][Tf2N] was reduced, and the 
EF value was increased, but the ER value was decreased. 
To ensure that both EF and ER values were high, 1.0 mL 
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Fig. 3  Effect of volume of  [BeMIM][Tf2N] on EF (a) and ER (b). Extraction conditions: volume of acetonitrile: 1.0  mL; ultrasonic time, 
10 min; volume of redistilled water: 5 mL; centrifugation time: 5 min
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Fig. 4  Effect of volume of acetonitrile on EF (a) and ER (b). Extraction conditions: volume of  [BeMIM][Tf2N]: 31 μL; ultrasonic time, 10 min; 
volume of redistilled water: 5 mL; centrifugation time: 5 min
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acetonitrile was selected for the DLLME process, namely, 
5 mL of it was used for the extracting process.

Effect of Ultrasonic Time

Ultrasonic time decides the amount of OPPs transferring 
from tea sample to acetonitrile solution thus affects the EF 
and ER. Therefore, ultrasonic time from 1 to 20 min was 
studied. The results are displayed in Fig. 5. It can be seen 
from Fig. 5 that with the ultrasonic time increased from 1 
to 10 min, EF decreased and ER increased. This is because 
short ultrasonic time would lead to the insufficient extraction 
of OPPs, while the long ultrasonic time would cause higher 
temperature of the extract solvent, causing the volatiliza-
tion of acetonitrile and reducing the extraction efficiency. 
The changes in EF and ER values were not obvious when 

ultrasonic time increased from 10 to 20 min. Thus, the ultra-
sonic time was chosen to be 10 min.

Effect of pH of the Water in DLLME Process

In the DLLME stage, acetonitrile solution containing 
 [BeMIM][Tf2N] ionic liquid was added to 5 mL double-
distilled water, and water phase played a part in separating 
ionic liquid and dispersant through centrifugation process. 
To investigate the influence of pH of the redistilled water on 
the EF and ER, different pH values of the water from 3 to 8 
were tuned and studied. The results are displayed in Fig. 6. 
The pH value of redistilled water was 6.1, and at that point, 
both the EF and ER were highest. That may because differ-
ent pH values have an effect on the form of the analytes. It 
can be clearly seen that EF and ER were optimum when the 
pH of redistilled water was not tuned.
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Fig. 5  Effect of ultrasonic time on EF (a) and ER (b). Extraction conditions: volume of  [BeMim][Tf2N]: 31 μL; volume of acetonitrile: 1.0 mL; 
volume of redistilled water: 5 mL; centrifugation time: 5 min

3 4 5 6 7 8
0

100

200

300

E
nr

ic
hm

en
t F

ac
to

r

pH

 ethoprophos
 fenitrothion
 phoxim 

(a)

3 4 5 6 7 8
0

20

40

60

80

100

E
xt

ra
ct

io
n 

R
ec

ov
er

y(
%

)

pH

 ethoprophos
 fenitrothion
 phoxim 

(b)

Fig. 6  Effect of pH of redistilled water on EF (a) and ER (b). Extraction conditions: volume of  [BeMIM][Tf2N]: 31 μL; volume of acetonitrile: 
1.0 mL; ultrasonic time: 10 min; volume of redistilled water: 5 mL; centrifugation time: 5 min
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Effect of the Water Temperature in DLLME Process

The temperature of the water may have an influence on the 
solubility of analytes, extractant, and dispersant, thereby 
affecting the final EF and ER. Therefore, during the DLLME 
process, the water temperature in the range of 15–50 °C 
was investigated. The results are presented in Fig. 7. It can 
be observed that the temperature changes in the range of 
15–50 °C did not have dramatic effect on EF and ER. This 
indicated that  [BeMIM][Tf2N] had stable extraction perfor-
mance over a wide temperature range. At 25 °C, IL showed 
the most stable and highest extraction capacity for OPPs; 
therefore, the water temperature was set at 25 °C.

Effect of Saline Concentration of the Water in DLLME 
Process

Salt concentration can change the ionic strength in aqueous 
solution, thereby affecting the extraction efficiency. In this 
work, the effects of different concentrations of NaCl (1–20%, 
w/v) in water during the DLLME process on EF and ER 
were investigated. The results are shown in Fig. 8. It can be 
seen that as the salt concentration increased from 0 to 1%, 
EF increased and ER decreased. With the salt concentration 
increased from 3 to 20%, EF decreased sustainedly. While, 
ER increased when salt concentration changed from 1 to 3%, 
and then decreased when salt concentration changed from 3 
to 20%. It can be observed that low concentration of salt may 
reduce the volume of the sedimentary facies and enhance the 
EF; high concentration of it may reduce both EF and ER. 
Because the addition of salt affects solubility of ionic liquid 
in water, and changes the volume of the sedimentary facies, 
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1.0 mL; ultrasonic time: 10 min; volume of redistilled water: 5 mL; centrifugation time: 5 min
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Fig. 8  Effect of NaCl concentration of the water on EF (a) and ER (b). Extraction conditions: volume of  [BeMIM][Tf2N]: 31 μL; volume of ace-
tonitrile: 1.0 mL; ultrasonic time: 10 min; volume of redistilled water: 5 mL; centrifugation time: 5 min
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causing changes in EF and ER. To obtain both high EF and 
ER, salt was not added in water during the DLLME process.

Effect of Centrifugation Time in DLLME Procedure

Centrifugation was used to separate ionic liquid phased 
from dispersant (acetonitrile) and water phase. Centrifuga-
tion time will influence the volume of sedimentary facies 
and then affect the extraction efficiency. Thus, centrifuga-
tion time in the range of 2–15 min was investigated. The 
results are displayed in Fig. 9. It can be observed from 
Fig. 9 that with the centrifugation time increased from 2 to 
5 min, EF decreased and ER increased. Continue to increase 
the centrifugation time from 5 to 15 min, both EF and ER 
changed little. That may because the long centrifugation 
time increased the temperature of the mixed solution and 
the solubility of ionic liquid enhanced, causing the volume 
of sedimentary facies decreased. To obtain both high EF and 
ER, centrifugation time was set to be 5 min.

Evaluation of Method Performance

To evaluate the proposed method for determining OPPs 
pesticides from tea samples, parameters including linearity, 
repeatability, and limits of detection (LOD) were obtained 

and investigated through a series of experiments under the 
optimized conditions. Table 1 shows the results. The lin-
earity range was in the range of 1–1000 μg/kg for all the 
analytes. The precision of this method was carried out by 
five time extractions and extracting spiked tea samples at 
three different concentration levels of 50, 200, and 500 μg/
kg. The relative standard deviations (RSDs) were between 
2.4 and 4.6% (n = 5). Based on a signal-to-noise ratio (S/N) 
of 3, the LOD was 0.1 μg/kg for all analytes. These results 
indicated that this proposed method has high sensitivity and 
reliability, and can be used for the extraction and detection 
of OPPs’ pesticides from tea samples.

Analysis of Tea Samples

The method was applied to detect OPPs from different 
tea samples with different brands. The recoveries of the 
methods were determined by adding three different con-
centrations of OPPs (50, 200, and 500 μg/kg) according to 
the national standards of the People’s Republic of China 
(GB 2763–2016). The results are shown in Table 2. The 
experimental results show that the recoveries of the three 
tea samples are ranged between 76.4 and 102.2%, with the 
RSD between 0.9 and 4.5, which indicates that this method 
can be used accurately and reliably for the extraction and 
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Fig. 9  Effect of centrifugation time on EF (a) and ER (b). Extraction conditions: volume of  [BeMIM][Tf2N]: 31 μL; volume of acetonitrile: 
1.0 mL; ultrasonic time: 10 min; volume of redistilled water: 5 mL

Table 1  Evaluation of method performance

Compounds Linearity 
range (μg/kg)

50 μg/kg spiked 200 μg/kg spiked 500 μg/kg spiked LOD (μg/kg)

EF ER (%) RSD (%) 
(n = 5)

EF ER (%) RSD (%) 
(n = 5)

EF ER (%) RSD (%) 
(n = 5)

Ethoprophos 1–1000 242.8 74.3 3.2 257.4 77.2 2.8 263.8 77.6 4.6 0.1
Fenitrothion 1–1000 248.4 76.0 2.7 255.8 76.7 4.2 264.3 77.7 3.3 0.1
Phoxim 1–1000 245.3 75.1 2.4 252.0 75.6 3.1 266.0 78.2 3.5 0.1
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determination of the actual tea samples. The chromatograms 
of the tea sample spiked 200 μg/kg of the three OPPs before 
and after extraction are shown in Fig. 10. The analytes can-
not be detected without the DLLME process, while after the 
 [BeMIM][Tf2N]-DLLME process, OPPs can be effectively 
detected. 

Comparison of this Method with Previous Works

The extraction performance of the  [BeMIM][Tf2N] IL-
DLLME method proposed in this work was compared with 
previous works, and is summarized in Table 3. It can be 
seen that the method in the concentration step proposed in 
this paper has the advantages of short operation time, high 
enrichment factor, less volume of IL used in DLLME pro-
cess and lower LOD, which could support the application of 
 [BeMIM][Tf2N] IL for organics extraction in tea samples.

Conclusions

In this work,  [Tf2N] anion-based ionic liquids were applied 
and compared for extracting OPPs from tea samples through 
dispersive liquid–liquid microextraction process. In this 
proposed method,  [BeMIM][Tf2N] was first and success-
fully used to extract OPPs. 5 mL acetonitrile/IL mixed 
solution was applied to extract OPPs and then was used in 
the DLLME step. Various factors that may affect the extrac-
tion results were investigated, and real tea samples were also 
analyzed. The results demonstrate that this proposed method 
has high sensitivity and reliability, good recoveries, wider 
LR, lower LOD, and RSD. The results were satisfactory, and 
due to the simplified operating procedures, this proposed 
method is promising for OPPs analysis in tea samples or 

Table 2  Results of 
determination and recoveries 
of three different brand tea 
samples

Compounds Spike level 
(μg/kg)

Tea sample 1 Tea sample 2 Tea sample 3

RR (%) RSD (%) 
(n = 3)

RR (%) RSD (%) 
(n = 3)

RR (%) RSD (%) 
(n = 3)

Ethoprophos 50 84.6 4.5 76.4 2.7 80.4 4.4
200 91.9 2.5 92.3 2.4 100.9 3.6
500 82.8 2.8 82.6 1.6 86.8 2.5

Fenitrothion 50 78.8 1.7 80.7 3.8 88.5 3.1
200 86.4 2.3 84.2 1.3 94.1 2.8
500 84.1 3.1 84.4 2.3 97.2 1.6

Phoxim 50 85.5 3.4 86.6 3.5 96.4 2.2
200 87.2 0.9 100.8 2.6 102.2 1.5
500 98.7 2.0 85.7 3.2 84.3 2.7
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Fig. 10  Chromatogram for spiked tea sample at the concentration 
level of 200 μg/kg before (a) and after (b) DLLME procedure. Peaks: 
(1) ethoprophos; (2) fenitrothion; (3) phoxim

Table 3  Comparison of this method with previous works

Method IL Type IL volume Process time EF Linear range 
(μg/L) (μg/Kg)

LOD (μg/L) 
(μg/Kg)

Matrix Reference

DLLME [C6MIM][PF6] 50 μL ~ 25 min 98 1–500 0.1 Canned Foods [45]
LPME [BMIM][PF6] 40 μL ~ 10 min 200 5–1000 < 2 Tea beverage [46]
DLLME [ODMIM][Tf2N]/

[HMIM][Tf2N]
54 μL > 13 min 123–160 0.5–500 < 0.69 Fruit juices [47]

DLLME [BeMIM][Tf2N] 31 μL ~ 13 min 242–266 1–1000 0.1 Tea leaves This work
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other solid matrix. Extraction with less organic solvent is 
still the focus of further research.
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