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a  b  s  t  r  a  c  t

A  method  for  analysis  of 101 pesticide  residues  in  tea leaves  was  developed  and  validated  for  the  first  time.
Pure acetonitrile  was  used  as  extraction  solvent  rather  than  acetonitrile  after  matrix  hydration  based  on
the amount  of  co-extracts  and  recoveries  performance.  During  clean-up  procedure,  primary-secondary
amine/graphitized  carbon  black  (500  mg)  was  selected,  which  exhibited  outstanding  properties  in clean-
up capabilities  and  recoveries  of  pesticides  comparing  to  primary-secondary  amine/graphitized  carbon
black  (250  mg),  NH2-Carbon  and  TPT  absorbents.  The  method  was  validated  employing  gas  chromatogra-

−1

esticide residues
PE
C–MS/MS
SA/GCB

phy  coupled  to  tandem  mass  spectrometry  at the spiked  concentration  levels  of  0.050  and  0.100  mg  kg .
For  most  of  the  targeted  pesticides,  the  percent  recoveries  range  from  70 to 120%,  with  relative  standard
deviations  <20%.  The  linear  correlation  coefficients  (r2) were  higher  than  0.99  at  concentration  levels
of  0.025–0.250  mg kg−1. Limits  of quantification  ranged  from  1.1  to  25.3  �g kg−1 for  all  pesticides.  The
developed  method  was  successfully  applied  to the determination  of pesticides  in tea  leaf  samples.
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Tea, the dried leaves of the plant of Camellia sinensis (L.) Kuntze,
heaceae (Yang and Landau, 2000), is an aromatic beverage that
onsumed worldwide. Due to its properties of antioxidant, antimi-
robial, anticarcinogenic and anti-inflammatory (de Mejia et al.,
009), tea has attracted great attention. However, tea farming

s sensitive to many kinds of diseases, pests and weeds, which
auses the widely use of pesticides. Until now, more than 300
inds of pesticide residues in tea have been reported (Pang et al.,
011). Pesticides may  cause potential health risk to consumers and

mpose great pressure on the environment (Jaggi et al., 2001), thus
any countries have established maximum residue limits (MRL)

or many pesticides, such as European Community (EC) no. 42/2000
nd (EC) no. 1881/2006 (Li et al., 2013).

Meanwhile, tremendous efforts have been performed in order
o develop analytical methods for pesticides determination in tea.
enerally, the preparation method of multi-residues analysis is
arried out in a sequence of several steps, including extraction

ith solvent, purification and detection. For the sample clean-up
rocedure, there are several efficient ways, such as gel perme-
tion chromatography (GPC) (Pang et al., 2006; Huang et al., 2007)
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E-mail: houxue127@163.com (X. Hou).
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and solid-phase extraction (SPE) (Huang et al., 2009). Apart from
these more common approaches, during the analysis of some pes-
ticide residues, head-space solid-phase micro-extraction (SPME)
(Schurek et al., 2008) and stir bar sorptive extraction (SBSE) (Li
et al., 2012) were also successfully applied. Another famous way
for the detection of multi-residues is known as QuEChERS (quick,
easy, cheap, effective, rugged and safe), which involves MeCN
extraction and purification with dispersed solid-phase extraction
(d-SPE) (Anastassiades et al., 2003a,b; Zhang et al., 2010). The main
concept of QuEChERS for sample processing strategy is to use dif-
ferent type of absorbents on the basis of the component of matrix,
for instance: primary-secondary amine (PSA), C18 silica, Florisil
and graphitized carbon black (GCB). Hayward et al. have devel-
oped a multi-residues determination method in botanical dietary
supplements using PSA/GCB as clean-up materials. Whereas, in
this study, several SPE materials were compared depending on
clean-up capabilities and recoveries of pesticides (Hayward et al.,
2013).

For the detection techniques, at the beginning, gas chromatog-
raphy (GC) and high performance liquid chromatography (HPLC)
with variety of detectors were widely employed to detect pes-
ticide residues. The most commonly used detectors including

electron capture detector (ECD) (Xia et al., 2008), flame photometric
detector (FPD) (Moinfar and Hosseini, 2009), nitrogen phospho-
rus detector (NPD) (Oh, 2007) for GC and fluorescence detector
(FLD) (Wu  et al., 2009), diode array detection (DAD) (Sharma et al.,
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The precision and accuracy of the method was  tested with
spiked tea leaves. Recoveries were determined for five repli-
cates at two  spiking concentrations (0.050 and 0.100 mg kg−1).
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008) for HPLC. Owing to better selection, sensitivity and higher
hroughput in the detection of multi-residues, chromatography
oupled to MS  (Chen et al., 2012; Zhao et al., 2012) and tan-
em MS (MS/MS) (Zhao et al., 2012; Cajkaa et al., 2012) have
een widely used nowadays. These techniques enable the analy-
is of multi-residues simultaneously with lower LODs and higher
ccuracy.

Unfortunately, although control of pesticides in tea leaves may
ncrease the safety of tea from the source, for such detection

ethod, little research has been done until now. In this study, we
escribe for the first time the method of 101 residues in tea leaves
ased on the application of GC–MS/MS combined with optimized
xtraction and SPE clean-up procedures. Moreover, the proposed
ethod has been successfully applied to the determination of these

esticides in real samples.

xperimental

aterial and chemicals

HPLC-grade MeCN, acetone, toluene and hexane were provided
y Tedia (Fairfield, OH, USA). Prepacked QuEChERS extraction bags
ith 4 g MgSO4, 1 g sodium chloride (NaCl), 1 g tri-sodium citrate
ehydrate (tri-Na) and disodium hydrogencitrate sesquihydrate
di-Na) were purchased from Agilent (Palo Alto, CA, USA). Standard
esticides (Table 1) with purities ranging from 95 to 99% were
upplied by Sigma–Aldrich (Madrid, Spain) and Dr. Ehrenstorfer
Augsburg, Germany). Stock solutions of mixture pesticides were
repared in acetone and stored in freezer (−18 ◦C). The working
olutions were prepared daily.

For SPE, PSA/GCB (500 mg)  cartridges, PSA/GCB (250 mg)  car-
ridges, and NH2-Carbon cartridges were supplied by Agilent (Palo
lto, CA, USA). TPT cartridges were obtained from Agela Technolo-
ies (Tianjin, China).

quipment

A Vortex (IKA, Germany), a vacuum distillation apparatus (IKA,
ermany) and a centrifuge (Xingke, China) were used for preparing

he samples. GC–MS/MS system (Varian, Inc., USA) was employed,
quipped with a Varian 450 gas chromatograph (equipped with a CP
400 autosampler and a 1079 injector) and a 320 triple quadrupole
S.  A VF-5 MS  fused silica capillary column of 30 m × 0.25 mm

.D. and 0.25 �m was used (Agilent, Inc., USA). Helium (purity
99.999%) was used as a carrier gas at a flow rate of 1.2 ml  min−1.
rogrammed temperature vaporation (PTV) was employed as the
njection mode. The injector temperature program was the fol-
owing: initial temperature was held at 60 ◦C for 1 min, increased
o 250 ◦C at the rate of 200 ◦C min−1 and was held for 10 min.
liquots of sample extract (5 �l) were injected. The GC oven was
perated with the following temperature program: initial temper-
ture was held at 50 ◦C for 3 min, increased to 150 ◦C at the rate
f 25 ◦C min−1, and to 220 ◦C at the rate of 5 ◦C min−1, then held
or 5 min, finally to 280 ◦C at the rate of 8 ◦C min−1, and held for
.5 min.

The mass spectrometry was operated with an electron impact
EI) source. The electron energy was 70 eV, and the ion and transfer
ine temperatures were set at 230 ◦C and 300 ◦C respectively. The
olvent delay was set to 6 min. Mass spectrometric confirmation
as carried out in the multiple reaction monitoring (MRM) mode

sing one quantitative ion transition and one qualitative ion tran-
ition for each pesticide. All the parameters for MRM  transitions
nd collision energies were optimized in order to obtain highest
ensitivity and resolution (Table 1).
acognosia 26 (2016) 401–407

Sample preparation and clean-up

Sample preparation
Tea leaves were collected from organic tea plantation located in

Sichuan province in China during March 2014, which was  identified
as Camellia sinensis (L.) Kuntze cv. Mengshan 9 by Prof. Yun Wang
(Tea Research Institute, Sichuan Academy of Agricultural Sciences).
The tea leaf samples were comminuted with dry ice and homoge-
nized, and then 50 g subsamples were kept frozen until spiking or
analysis.

Tea leaf subsamples (5 g) were weighed in polypropylene cen-
trifuge tubes (50 ml)  and 20 ml  MeCN were added. The solution was
then vortexed for 1 min. QuEChERS extraction bag with 4 g anhy-
drous MgSO4, 1 g NaCl, 1 g tri-sodium citrate dehydrate (tri-Na)
and disodium hydrogencitrate sesquihydrate (di-Na) was added,
and the tube was  vortexed immediately to prevent coagulation of
MgSO4 for 1 min. After centrifugation (1210 g, 10 min, −10 ◦C), 5 ml
of the upper acetonitrile layer was  transferred and purified with
SPE.

SPE procedure
SPE cartridges were preconditioned with 5 ml  MeCN–toluene

(3:1, v/v). Then concentrated extract was introduced into the car-
tridge. For all experiments, MeCN–toluene (3:1, v/v) was  used as
eluting solvent. The eluents were collected and then concentrated
to dryness using vacuum concentration. Finally, the residue was
redissolved in 2.5 ml  mixture of n-hexane and acetone (9 + 1; v/v)
for GC–MS/MS analysis.

Gravimetric determination of co-extracts

For sample extraction procedure, three types of 5 ml of crude
MeCN extracts obtained by pure MeCN, MeCN after matrix hydra-
tion using 5 ml  and 10 ml  water were evaporated separately until
dryness with a weak nitrogen stream, and the residues were gravi-
metrically determined by analytical balance. Average amounts of
five replicates were evaluated (Fig. 1), the error bars (standard devi-
ations) of the weights for each group were also showed.

For clean-up procedure, 5 ml  of crude MeCN extracts and 5 ml  of
MeCN extracts purified through four types of SPE were evaluated
according to gravimetric method described above (Fig. 3).

Method performance
MeCN after added 
with 5mL water

Pure MeCN MeCN after added 
with 10mL water

Fig. 1. Amount of co-extracts per 1 ml MeCN extracts determined gravimetrically
in  tea leaves (n = 5).
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Table  1
Parameters for 101 pesticide residue analysis by GC/MS–MS.

No. Pesticides Retention time (min) Quantitative ion pairs (m/z) Collision energy (V) Qualitative ion pairs (m/z) Collision energy (V)

1 Isoprocarb 10.74 136 > 121 10 121 > 77 20
2  Omethoate 11.52 156 > 110 10 156 > 79 20
3  Fenobucarb 11.72 121 > 77 20 150 > 121 7
4  Profluralin 11.77 152 > 110 10 109 > 81 10
5  Dipheylamine 11.90 167 > 139 30 141 > 115 17
6  Diallate-I 13.01 234 > 150 20 234 > 192 20
7  Phorate 13.01 260 > 75 10 260 > 231 10
8  Alpha-HCH 13.14 181 > 145 15 217 > 181 12
9  Diallate-II 13.26 234 > 150 20 234 > 192 20

10  Dazomet 13.45 162 > 89 5 89 > 44 10
11  Diemthoate 13.57 125 > 79 10 229 > 87 10
12  Carbofuran 13.79 164 > 149 10 221 > 164 10
13  Chlorbufam 13.83 171 > 127 10 223 > 171 10
14  Beta-HCH 14.00 181 > 145 15 217 > 181 12
15  Gamma-HCH 14.15 181 > 145 15 217 > 181 12
16  Quintozene 14.31 295 > 237 20 293 > 235 20
17  Terbufos 14.35 231 > 175 13 231 > 129 25
18  Propetamphos 14.40 236 > 194 10 222 > 138 10
19  Fonofos 14.44 246 > 137 10 246 > 109 20
20  Pyrimethanil 14.61 198 > 183 10 198 > 118 30
21  Diazinon 14.78 304 > 179 10 304 > 162 10
22  Delta-HCH 14.92 217 > 181 10 181 > 145 15
23  Isazofos 15.19 257 > 162 10 257 > 119 20
24  Tefluthrin 15.20 177 > 127 15 197 > 141 10
25  Fenclorim 15.54 176 > 120 10 120 > 93 20
26  Formothion 15.61 224 > 125 10 170 > 93 10
27  Vinclozolin 16.34 285 > 212 10 285 > 198 20
28  Alachlor 16.59 188 > 160 10 160 > 132 10
29  Fenchlorphos 16.79 285 > 270 25 287 > 272 15
30  Fenitrothion 17.26 277 > 260 10 260 > 125 10
31  Methyl parathion 17.26 263 > 109 10 125 > 79 10
32  Malathion 17.68 173 > 99 15 173 > 127 10
33  Fenthion 17.92 278 > 109 20 278 > 125 20
34  Chlorpyrifos 17.99 314 > 258 10 314 > 286 10
35  Parathion 18.02 291 > 109 15 291 > 137 10
36  Triadimefon 18.11 208 > 181 10 208 > 111 10
37  Isocarbophos 18.27 289 > 136 10 230 > 212 10
38  Chlorthion 18.33 125 > 79 10 297 > 109 10
39  Fosthiazate-I 18.56 195 > 103 10 195 > 139 7
40  Fosthiazate-II 18.65 195 > 103 10 195 > 139 7
41  Isofenphos-methyl 18.93 199 > 121 12 241 > 199 10
42  Quinalphos 19.56 298 > 156 10 298 > 190 10
43  Fipronil 19.66 367 > 213 30 367 > 255 15
44  Chlorbenside 19.72 125 > 89 20 268 > 125 10
45  Methidathion 19.99 145 > 85 10 302 > 14 10
46  Chlorfenson 20.70 175 > 111 10 302 > 175 10
47  Profenofos 21.12 337 > 267 15 339 > 269 15
48  Barban 21.23 222 > 69 10 257 > 222 10
49  p,p′-DDE 21.23 246 > 176 20 316 > 246 10
50  Buprofezin 21.66 305 > 175 10 305 > 190 5
51  p,p′-DDD 22.91 235 > 165 10 235 > 200 15
52  o,p′-DDT 23.03 235 > 165 10 235 > 200 15
53  Ethion 23.25 231 > 129 25 231 > 203 10
54  Triazophos 23.88 257 > 161 10 161 > 134 10
55  Quinoxyfen 24.39 272 > 237 15 237 > 208 20
56  Carfentrazone-ethyl 24.59 376 > 330 10 411 > 312 20
57  p,p′-DDT 24.75 235 > 165 10 235 > 200 15
58  Pyraflufen-ethyl 25.46 349 > 307 15 349 > 279 20
59  Propargite 26.11 350 > 201 10 350 > 173 15
60  Bioresmethrin 26.61 123 > 81 10 171 > 128 10
61  Phosmet 27.40 160 > 133 10 317 > 160 10
62  Picolinafen 27.91 376 > 239 15 238 > 145 25
63  Bifenazate 28.02 300 > 196 20 196 > 141 20
64  Bifenthrin 28.07 181 > 166 10 181 > 165 20
65  Fenpropathrin 28.28 181 > 152 20 265 > 210 10
66  Fenamidone 28.34 268 > 180 20 311 > 283 7
67  Phosalone 29.21 182 > 138 10 367 > 182 10
68  Pyriproxyfen 29.54 136 > 96 13 136 > 78 23
69  Cyhalofop-butyl 29.81 256 > 120 10 357 > 256 10
70  Amitraz 29.96 293 > 162 7 293 > 132 17
71  Lambda-Cyhalothrin 30.32 197 > 141 10 208 > 181 10
72  Pyrazophos 30.65 221 > 193 10 232 > 204 10
73  Pyraclofos 30.82 360 > 194 10 360 > 139 10
74  Acrinathrin 30.82 208 > 181 10 181 > 152 10
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Table 1 (Continued)

No. Pesticides Retention time (min) Quantitative ion pairs (m/z) Collision energy (V) Qualitative ion pairs (m/z) Collision energy (V)

75 Bitertanol 31.31 170 > 141 23 170 > 115 33
76  Permethrin-I 31.54 183 > 153 15 163 > 127 10
77  Pyridaben 31.68 147 > 117 30 364 > 147 20
78  Permethrin-II 31.78 183 > 153 15 163 > 127 10
79  Coumafos 31.83 362 > 109 20 226 > 198 10
80  Fenbuconazole 32.43 198 > 129 10 129 > 102 10
81  Cyfluthrin-I 32.61 226 > 206 10 226 > 199 10
82  Cyfluthrin-II 32.76 226 > 206 10 226 > 199 10
83  Cyfluthrin-III 32.88 226 > 206 10 226 > 199 10
84  Cyfluthrin-IV 32.88 226 > 206 10 226 > 199 10
85  Cypermethrin-I 33.25 163 > 91 15 181 > 152 15
86  Cypermethrin-II 33.36 163 > 91 15 181 > 152 15
87  Cypermethrin-III 33.43 163 > 91 15 181 > 152 15
88  Flucythrinate-I 33.45 199 > 107 20 199 > 157 15
89  Ethofenprox 33.52 163 > 135 13 163 > 107 20
90  Flucythrinate-II 33.76 199 > 107 20 199 > 157 15
91  Silafluofen 33.79 179 > 151 10 286 > 258 5
92  Fenvalerate-I 34.56 419 > 225 8 419 > 167 12
93  Fenvalerate-II 34.95 419 > 225 8 419 > 167 12
94  Tau-fluvalinate-I 35.00 502 > 250 10 250 > 55 20
95  Tau-fluvalinate-II 35.13 502 > 250 10 250 > 55 20
96  Difenoconazole-I 35.43 323 > 265 15 325 > 267 15
97  Difenoconazole-II 35.43 323 > 265 15 325 > 267 15
98  Deltamethrin 36.05 251 > 172 8 253 > 174 8
99  Indoxacarb 36.06 218 > 203 10 264 > 176 10

100  Azoxystrobin 36.67 344 > 329 10 403 > 344 10
101  Cinidon-ethyl 38.51 358 > 330 20 330 > 302 10
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ig. 2. Comparison of recoveries obtained by analysis of pesticide residues using
ifferent extraction procedures (solvent calibration).

atrix-matched standards at 0.025, 0.050, 0.100, 0.150,
.250 mg  kg−1 were for calibration.

esults and discussion

xtraction efficiency

Generally, when dealing with the extraction of pesticides from
ea, either pure MeCN (Pang et al., 2006; Xu et al., 2011) or MeCN
Pang et al., 2011) after matrix hydration could be used. The two

ethods have its own advantages, using MeCN as extract solvent
s recommended for the analysis of high-moisture matrices, and
ess polar matrix components remains (Sanco, 2010); whereas, for
ome pesticides, the recovery would be better, if some water could
e added to the matrix before extracted with MeCN (Poulsen et al.,

009). In our study, the amount of co-extracts using pure MeCN and
eCN after matrix hydration was compared. As shown in Fig. 1, the

ddition of extra water into tea leaves resulted in the increase of the
eight of co-extracts. Meanwhile, for extracts using pure MeCN, the
Fig. 3. Clean-up capabilities of different absorbents using SPE of 1 ml  MeCN extracts
(n  = 5).

ion intensity was  lower when analyzed with GC–MS in scan mode,
revealing that pure MeCN is favorable when dealing with matrix
effects and interference phenomenon.

Moreover, the recoveries of several pesticides belong to dif-
ferent types were studied (Fig. 2). For organophosphorus and
organochlorine pesticides (Phorate, Alpha-HCH, Terbufos, Fono-
fos, Fenitrothion, Isocarbophos and o,p′-DDT), the recoveries were
distributed around 100%, and there was  little difference exhibited
between using pure MeCN and MeCN after matrix hydration. For
pyrethroid pesticides, matrix effect was  much more severe, leading
to high recoveries. However, matrix effect could be compensated
by using matrix-matched calibration (Table 2). Thus, considering all
the aspects discussed above, pure MeCN was  used as the extraction
solvent.

Comparison of different SPE cartridges

Tea leaves represent a very complex matrix, which contain a
great amount of caffeine, pigments, polyphenols etc. Due to the co-
extracts interferences and matrix effects, those components could
cause a great trouble on the analysis of multiple residues (Steiniger
et al., 2010). Considering the clean-up capabilities as well as the
pesticide recoveries, the most commonly used absorbents for tea
including PSA/GCB (250 mg), PSA/GCB (500 mg), NH2-Carbon, and

TPT were compared. Fig. 3 summarises the final results of the eval-
uation experiments in terms of weights of co-extracts removed by
the different absorbents. For point of co-extracts removing, both
PSA/GCB and NH2-Carbon exhibited better clean-up capabilities
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Table  2
Results of the validation study [mean recoveries (%), relative standard deviations (RSDs, %), limits of quantity (�g kg−1)].

Pesticides Spiked 0.050 (mg  kg−1) Spiked 0.100 (mg  kg−1) LOQs (�g kg−1) Linearity (r2)

Recovery (%) RSD (%) Recovery (%) RSD (%)

Isoprocarb 110.3 11.0 106.6 8.1 1.6 0.9946
Omethoate 97.7 10.6 79.6 7.3 3.2 0.9910
Fenobucarb 121.7 7.2 113.4 5.1 4.6 0.9973
Profluralin 112.0 6.9 109.2 6.2 11.5 0.9912
Dipheylamine 106.7 30.8 99.8 13.5 8.3 0.9985
Diallate-I 72.0 12.9 79.6 11.0 12.5 0.9961
Phorate 72.3 25.5 77.6 18.4 12.5 0.9942
a-666  113.3 20.6 86.0 11.4 15.6 0.9987
Diallate-II 73.6 14.4 76.4 13.9 12.5 0.9948
Dazomet 99.7 8.6 65.4 5.4 6.6 0.9933
Diemthoate 130.7 12.1 132.6 5.1 6.3 0.9970
Carbofuran 127.0 7.4 111.4 4.9 7.8 0.9936
Chlorbufam 129.3 7.6 99.6 4.6 12.5 0.9952
b-666  120.7 5.0 98.2 4.8 6.3 0.9960
r-666  128.0 18.7 114.4 3.8 15.6 0.9910
Quintozene 68.7 17.4 69.6 14.8 12.5 0.9919
Terbufos 120.0 14.3 98.4 7.5 8.3 0.9902
Propetamphos 116.0 4.8 105.2 3.7 12.5 0.9949
Fonofos 125.0 13.8 96.4 8.2 15.6 0.9951
Pyrimethanil 91.3 4.3 65.2 6.8 20.8 0.9947
Diazinon 119.3 9.1 116.4 5.1 25.3 0.9974
d-666  126.0 4.4 97.0 5.5 17.9 0.9959
Isazofos 119.3 5.7 109.2 4.3 6.0 0.9904
Tefluthrin 126.0 7.5 103.4 5.2 11.9 0.9924
Fenclorim 113.3 5.1 111.4 3.8 5.0 0.9974
Formothion 68.7 15.7 72.2 14.5 3.6 0.9938
Vinclozolin 131.3 3.6 108.2 4.2 2.5 0.9916
Alachlor 131.0 5.2 103.8 3.6 1.7 0.9960
Fenchlorphos 155.0 6.6 124.6 5.2 2.8 0.9976
Fenitrothion 139.7 3.2 113.2 1.3 5.7 0.9903
Methyl parathion 136.7 3.3 112.2 1.5 5.0 0.9929
Malathion 122.3 3.6 99.0 4 1.8 0.9953
Fenthion 135.3 4.9 108.4 2.1 2.3 0.9915
Chlorpyrifos 143.7 4.9 117.6 2.7 16.7 0.9943
Parathion 142.3 3.5 121.4 1.9 6.3 0.9926
Triadimefon 96.0 4.8 84.6 6.1 4.6 0.9964
Isocarbophos 102.0 12.0 123.2 4.3 7.7 0.9968
Chlorthion 124.0 3.1 100.6 1.1 11.9 0.9909
Fosthiazate 100.7 5.8 85.2 2.1 2.5 0.9983
Fosthiazate 98.0 7.2 85.6 3.0 1.8 0.9934
Isofenphos-methyl 114.0 4.3 95.0 3.6 1.6 0.9973
Quinalphos 141.3 8.6 120.8 5.7 1.1 0.9965
Fipronil 101.0 4.5 93.6 10.2 2.5 0.9989
Chlorbenside 127.0 4.1 107.8 2.6 1.5 0.9913
Methidathion 118.3 4.2 99.4 2.3 1.5 0.9978
Chlorfenson 109.3 4.6 93.0 3.8 1.5 0.9976
Profenofos 104.3 3.9 93.4 3.6 1.4 0.9964
Barban 90.0 6.3 76.8 15.6 1.5 0.9971
p,p′-DDE 113.3 4.8 95.4 4.9 1.5 0.9980
Buprofezin 102.0 4.1 92.0 5.4 2.5 0.9981
p,p′-DDD 100.3 5.3 85.4 6.2 1.5 0.9973
o,p′-DDT 113.0 4.2 94.2 4.9 1.6 0.9985
Ethion 99.3 4.7 85.4 6.1 1.2 0.9990
Triazophos 92.3 5.0 83.4 5.3 1.8 0.9980
Quinoxyfen 85.3 5.3 80.6 4.2 1.8 0.9975
Carfentrazone-ethyl 90.3 3.3 87.0 3.7 4.0 0.9943
p,p′-DDT 108.0 5 90.4 5.3 1.5 0.9987
Pyraflufen-ethyl 84.3 4.6 82.8 4.4 9.5 0.9962
Propargite 97.3 8.5 88.0 12 13.2 0.9980
Bioresmethrin 85.0 5.7 55.6 6.8 1.6 0.9966
Phosmet 86.7 9.6 81.0 5.0 2.3 0.9975
Picolinafen 95.7 4.1 90.6 3.6 2.3 0.9963
Bifenazate 77.3 18.5 74.0 7.6 3.1 0.9988
Bifenthrin 99.0 6.9 83.2 6.7 1.5 0.9960
Fenpropathrin 92.7 5.0 81.4 5.4 1.8 0.9984
Fenamidone 82.3 6.4 77.6 5.1 1.2 0.9981
Phosalone 93.0 7.7 78.4 9.6 1.4 0.9979
Pyriproxyfen 84.7 6.6 78.6 5.4 1.5 0.9990
Cyhalofop-butyl 87.3 7.6 77.2 6.0 1.5 0.9981
Amitraz 76.0 10.0 76.4 14.7 4.2 0.9970
Lambda-Cyhalothrin 95.0 9.1 80.8 5.6 1.3 0.9962
Pyrazophos 88.7 8.4 74.8 8.5 1.5 0.9964
Pyraclofos 101 4.5 89.2 8.0 1.3 0.9961
Acrinathrin 88.3 10.2 84.6 39 1.8 0.9991
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Table 2 (Continued)

Pesticides Spiked 0.050 (mg  kg−1) Spiked 0.100 (mg kg−1) LOQs (�g kg−1) Linearity (r2)

Recovery (%) RSD (%) Recovery (%) RSD (%)

Bitertanol 91.7 5.8 86.6 5.7 1.6 0.9933
Permethrin 98.0 7.6 80.4 8.9 1.6 0.9934
Pyridaben 93.3 7.4 75.6 7.9 2.1 0.9954
Permethrin 96.0 7.0 78.0 7.5 2.9 0.9931
Coumafos 95.7 4.8 86.4 6.5 2.6 0.9983
Fenbuconazole 82.7 9.5 84.6 11.2 3.1 0.9913
Cyfluthrin 89.7 11.9 71.4 13.0 8.9 0.9920
Cyfluthrin 94.3 8.5 74.4 9.1 8.1 0.9928
Cyfluthrin 95.7 12.6 73.8 6.7 13.2 0.9978
Cyfluthrin 124.0 34.3 115.4 7.6 15.6 0.9912
Cypermethrin 95.3 7.7 74.4 11.3 15.6 0.9944
Cypermethrin 109.7 30.3 64.0 10 16.7 0.9938
Cypermethrin 106.3 5.2 88.6 15.3 11.9 0.9976
Flucythrinate 96.7 7.6 75.2 11.1 7.8 0.9932
Ethofenprox 93.3 10.3 71.8 10.4 1.8 0.9995
Flucythrinate 98.7 7.5 75.6 11.7 6.4 0.9929
Silafluofen 98.7 10.8 76.8 7.6 1.4 0.9950
Fenvalerate 94.7 6.4 82.0 9.0 1.7 0.9984
Fenvalerate 102.7 4.7 86.0 8.7 3.3 0.9974
Tau-fluvalinate 80.7 10.6 63.6 14.6 5.8 0.9972
Tau-fluvalinate 92.7 6.4 81.2 11.1 7.5 0.9977
Difenoconazole 76.0 8.8 63.6 14.0 5.0 0.9972
Difenoconazole 78.3 10.3 73.3 12.8 3.9 0.9968
Deltamethrin 76.7 14.8 75.0 18.9 3.1 0.9960
Indoxacarb 78.3 15.8 73.4 17.5 5.8 0.9932
Azoxystrobin 67.3 13.4 64.8 18.2 2.6 0.9988
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omparing to TPT. However, as the amount of PSA/GCB doubled,
lean-up capability was increased significantly.

It is widely recognized that the absorbents used during SPE pro-
edure could absorb not only co-extracts interferences but also the
argeted pesticides. Thus, in order to determine whether the dif-
erent absorbents could influence the residue analysis efficiency
bviously, all the targeted pesticides were added before SPE proce-
ure, and the distribution of recoveries were evaluated. As shown in
ig. 4, the recoveries of most pesticides were located in the range
f 70–120% for all the evaluated absorbents, whereas, the recov-
ries in the range of <70% exhibited the greatest number when
PT was used. This indicated that the pesticide-absorbing phe-
omenon of TPT was severe. Moreover, for PSA/GCB (500 mg), the
umber of pesticides in the range of >120% was fewer than PSA/GCB
250 mg)  and NH2-Carbon, revealing that PSA/GCB (500 mg)  has
reater capability in interference-absorbing.

Moreover, caffeine was evaluated by MS  in full-scan mode,

hich is the main interference in fresh tea leaves. The result showed

hat the caffeine-removing capability were of little difference for
H2-Carbon, TPT and PSA/GCB (500 mg)  absorbents. Although the
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ig. 4. Distribution of the recoveries (n = 3) obtained by using different absorbents
uring SPE process for 101 targeted pesticides in tea leaves.
17.7 3.2 0.9987

caffeine-removing capability for PSA/GCB (250 mg)  was  poor, this
could be attributed to the absorbent amount. Thus, according to
the gravimetric experiment and recovery distribution, PSA/GCB
(500 mg)  was selected in the procedure of SPE clean-up.

Method validation

Method validation of the newly proposed residue-analyzing
method in tea leaves was  conducted. Several validation parameters
including recovery, precision, linear range, and limit of quantifica-
tion (LOQ) were determined and summarized in Table 2.

The linearity for each pesticide was evaluated using matrix-
matched calibration standards at five concentration levels, i.e.
0.025, 0.050, 0.100, 0.150, 0.250 mg  l−1. Good linearity results with
the regression coefficients more than 0.99 for all the pesticides were
obtained. The LOQ calculated by considering a value ten times of the
background noise respectively. For all pesticides, the LOQ  ranged
from 1.1 to 25.3 �g kg−1.

The recovery and precision of the method for the 101 targeted
pesticides were evaluated by carrying out six consecutive extrac-
tions (n = 6) of spiked tea at the two  concentration levels (0.050 and
0.100 mg  kg−1). The results were calculated using matrix-matched
calibration standards by external calibration method. When spiked
levels were 0.050 and 0.100 mg  kg−1, the average recoveries for all
the targeted pesticides ranged from 67.3 to 130.7 and 63.6 to 132.6
respectively. The relative standard deviations (RSDs) for the two
spiked levels were lower than 20%.

Real sample

To prove the effectiveness and suitability, twenty real samples
were analyzed by this newly proposed method. The tea samples
were pursued in tea plantation and seven pesticides were detected,

including Bifenthrin, Chlorpyrifos, Buprofezin, Fipronil, Pyridaben,
Triazophos and Cypermethrin. The developed method was  proved
to be a suitable and stable method for the determination of pesti-
cides in real tea leaf samples.
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onclusion

In this work, the extraction methods based on pure MeCN and
eCN after matrix hydration were evaluated through gravimetric

xperiment and comparison the recoveries of representative pes-
icides. Then, the clean-up capabilities of different absorbents, i.e.
SA/GCB (250 mg), PSA/GCB (500 mg), NH2-Carbon, and TPT were
ompared. Finally, the method for multi-pesticides analysis in tea
eaves was developed using pure MeCN as the extraction solvent
nd PSA/GCB (500 mg)  in SPE procedure. During GC–MS/MS anal-
sis, MRM  mode was used, and quantitative analysis was  achieved
y external calibration method. The calibration parameters of the
ethod including recovery, precision, linear range, and LOQ were

xamined, which showed this newly proposed method was  suitable
or multi-pesticides analysis in tea leaves.

uthors’ contributions

XH, STQ performed the laboratory work, data and GC–MS/MS
nalysis. XH drafted the paper. SRL, LAG helped perform the
nalysis with constructive discussions, participated in the results
iscussion and the manuscript final writing.

thical disclosures

rotection of human and animal subjects. The authors declare
hat the procedures followed were in accordance with the regula-
ions of the relevant clinical research ethics committee and with
hose of the Code of Ethics of the World Medical Association (Dec-
aration of Helsinki).

onfidentiality of data. The authors declare that they have fol-
owed the protocols of their work center on the publication of
atient data.

ight to privacy and informed consent. The authors have
btained the written informed consent of the patients or subjects
entioned in the article. The corresponding author is in possession

f this document.

onflicts of interest

The authors declare no conflicts of interest.

cknowledgment

This work was financially supported by “Risk assessment of tea
uality and safety” project, No. GJFP2015005.

eferences
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