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Determination of 34 kinds of pesticide residues in tea by QuEChERS
combined with liquid chromatography tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous determination of 34 pesticide residues in tea by
QuEChERS combined with liquid chromatography-tandem mass spectrometry. Methods After adding acetonitrile,
the samples were extracted by vortex mixing and ultrasonic wave. The 0.05% formic acid water (A) and acetonitrile
(B) were used as mobile phases for gradient elution, and the quantitative and qualitative ions of 34 pesticides were
monitored by mass spectrometry (ESI+) in A multi-reactive ion monitoring mode. Results This method completed
the separation analysis of 34 target compounds in 17 min. The linear relationship of 34 pesticides was good in the
range of 2.5-200 pg/L, the correlation coefficients were greater than 0.995, and the limit of quantification were
0.01-5.11 pg/kg. The recoveries of 34 pesticides at 20, 50 and 100 pg/kg levels ranged from 70.6% to 116.1%, and
the relative standard deviation was 1.0%—-8.1% (n=6). Conclusion This method is simple, fast, accurate and
sensitive, which is suitable for detecting 34 pesticide residues in tea.
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REAASs—fb e, B AR, R T AR
AT, TR R EZ MR, A5 . AR YRR AR N
Wt | 2 A RO IX R B, ARGl itk =
RGEUTAENE . W USRI (R R AR
SRR, et rhofe 28R R ARSI BN IS I, DATE
PR BRI ST HE LA e IR i h 2SR 2 R BR (A
MIFER, ARG ZTE B AR AR R EREHE T,

ZMrhAR 25 5% W A 2 0s AR ek L SO A5 R
TEIE P RN VROME 01 ST T IO PG o R e 247 B A — it
RIAR 25 7 AN [R5, An4BL B IR B IR 2R A 25 AT AL AR
A 2yiz S (ECD Al #)db 4T 10, A5 HLek
KA 2515 FSAR % L (FPD 5 NPD A5 )47z 12,
(R I 25 B 5 WA . PR BRI IR, XA 2
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QuEChERS(quick, easy, cheap, effective, rugged, safe) 5k
VIHHT A ISR 0 A BRI L, BTz T ahEy
PEE AL AR B2 5% B A A ARG

AWFFEKE QuUEChERS Hij Ah BN = S0 AH €4 1% 25 B i
TG, XFASr b 34 Fefe 25 5% B kAT e e /o #ir . LA
WA AL A I 25 - v 2 e 24558 B Y S PRl T AR 4Rt
—RER ST,

2 MRERE

2.1 LESI

Xevo TQ-S =& AH {0 13% - = 5 PO AT T 15 5K AR
(3£ [E Waters /A 7l); Allegra 64R B0 HL(EE E W 70 = /R
F#/A H]); EFAA-HM-01 Z IR TR AR B %% 505
B A PR F]); KQ 500DE ## 75 1 1 Uk #5 (B #7r #E A
WA RAFD.

TR . DCm M, ZHIRR . HARR . MRk, K
Lemh . SRR R, R WEK., ZEA. K2
B TREENR . SRHUNR . R PR | METAEE . EEAETR
TR A B, PREERE . mEE R | WREERE . WEMGN . nEmE
WG . RBE M . SR, ZRFER . Sakme | ik
WEWRER . TRERWE . RN DRSS . ST AGEE. =
WA Tl A 245 B o ) BT (M 35 0 100 pg/mL, A6 502 A% AR
WRLE A RAR), CIE(EiEal, 5E Merck AF). H
B (g4, £E Fisher 22H]); SALBAN(rHrat, 7M1k

il

FRANT); TAKBRREE(rHral, ZMRAA);, Gl
fifk B2 (graphitized carbon black, GCB) ¥} (200~400 H,
StanQulk 2 wl ); & = M& -N- 8 5 & be b iE K
(ethylenediamine-N-propyl silanized silica gel, PSA)¥;
(40~63 pm 60A, Agela Technologies /A Fl); +/\ i FefE
Yot B8 A ik K2 (C ) #3 (50 um 60A, Agela Technologies 23 7l );
SEEY K R R Al ASI ARSI T X i T .
22 ZEWHE
221 BREH

TRAARHEP RN ECH]: 20 WG RS HL 34 PR 255
Y, MIERBERREE N 2 ng/mL MR G4 1EH R,
F-18 cCUKARTRA T FICH U0 3 4~ ).

FEFRIR A AR TR IR 2 1 R R 0K TR &
HEF BB R 2.5, 5. 10, 20, 30, 50, 100,
200 pg/L BB PRIE TAE R

0.05% B /KA BL 0.5 mL IR T 1000 mL Fi 5hAH
Hirh, M AKELZ 1000 mL,
222 HEmETAE

(1) $2H

FRIL2 g(KE 0 2 0.01 gy R ZS AL T 15 mL B0
B, A 2 g FAbEN, EFIA 8 mL ZIE, WeRiR AR
¥ 2 min, #A 10 min, 8000 r/min &[> 5 min,

) &k

MR 4 mL B3 FHA 100 mg PSA, 5 mg
GCB.100 mg C5 1 500 mg Jo/KHRBREEAY 15 mL B LT,
W& %% 5 min, 8000 r/min 2.0 5 min, BT
0.22 pum JEME,
223 RABEE-E R ELE

(1) WAHEGE S

ACQUITY UPLC BEH Cjg {634 (2.1 mmx100 mm,
2.7 um), FEIHH: 0.05%F BR(A)-ZNEB), #i#E: 0.45 mL/min,
PEREREL: 2 pL, FEIE: 30 °C. WAHGIGEREE VLR F: 0~
0.25 min, 2% B; 0.25~12.25 min, 2%~99% B; 12.25~13.00 min
99% B; 13.00~13.01 min, 99%~2% B; 13.01~17.00 min, 2% B.

(2) koA

BFUR: MW ESI(+), BAE MR 2.0 kv; Bl
WA 500 °C; B JE: 1000 L/hr RifES:
WA PR 2 /0 Wil (multiple-reaction monitoring,
MRM), HAESHEILE 1.

3 HRED

3.1 RGMARIEE

MRAEERSE HEEiX 4 AR O E SO Xl i)
B ASEA% £ BRI ] P 4548 T X T B A rp o 25 5% B IR I
AR AL RO T R AR R L K R R 2
Fh2s, JLafik 34 B T s XU A 25 TR

=<
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Table 1 Mass spectrometry parameters of 34 kinds of pesticides
G5 RGHK CAS Bt £ B4 15} 8] /min HET(Q1, m/z) R B (Q3, m/z) HFLRER/V  RifEREE/V

) 291.9 110.0 30 33

1 Xt 56-38-2 8.47
291.9 236.0% 30 14*
! 284.0 70.1 34 16

2 Az 66246-88-6 7.73
284.0 159.0% 34 34%
] 282.2 194.1 30 17

3 ZHR 40487-42-1 9.92
282.2 212.2% 30 10%*
280.0 192.0 30 17

4 R 57837-19-1 5.95
280.0 220.0% 30 13%
256.1 175.1 30 20

5 AN 138261-41-3 3.68
256.1 209.1% 30 15%
- 2432 97.0 30 31

6 KR 13194-48-4 7.34
2432 131.0% 30 20%
230.1 125.0% 30 20%

7 SRR 60-51-5 3.80
230.1 199.0 30 10
210.0 111.0* 30 16*

8 FR AR 114-26-1 5.30
210.0 168.0 30 10
202.0 117.0 30 28

9 F 28 63-25-2 571
202.0 145.0* 30 22%
) 200.0 82.0 42 24

10 W% A 53112-28-0 5.45
200.0 107.0% 42 24%
192.1 132.1 30 28

11 ZWR 10605-21-7 2.07
192.1 160.1%* 30 18%*
163.0 88.0% 30 10*

12 DES 16752-77-5 2.70
163.0 106.0 30 10
493.0 141.0 30 35

13 FENR 116714-46-6 9.12
493.0 158.03* 30 19%
489.1 141.0 31 46

14 UK 101463-69-8 9.92
489.1 158.02%* 31 22%
406.0 111.1 37 60

15 ZRMEF ERmg 119446-68-3 8.36
406.0 251.1% 37 25%
» 404.0 329.0 30 30

16 W% T Tl 131860-33-8 7.24
404.0 372.0% 30 15%
) 394.3 106.9 17 43

17 fit 44 T 80844-07-1 11.29
3943 177.0% 17 15%
381.0 76.0 31 34

18 THiwAE 55285-14-8 11.56
381.0 118.0% 31 22%
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Hi's  RAYAR CAS Bt 5 {4 B4 15} 1] /min BB 7(Q1, m/z) R B F(Q3, mk) HEFLELR/V R RER/V
376.0 70.0 30 24
19 DK i Jiie 67747-09-5 7.18
376.0 308.0% 30 14%*
N 365.1 147.1%* 30 24%
20 Ik i R 96489-71-3 10.61
365.1 309.1 30 12
‘ 363.0 289.0 30 24
21 B 56-72-4 8.69
363.0 307.0% 30 16*
o 353.0 168.1 30 26
22 T 1 il 78587-05-0 9.92
353.0 228.1% 30 14%*
. 342.9 139.9% 32 20%*
23 I P B i 188425-85-6 7.38
342.9 307.0 32 20
o 336.0 159.0 30 38
24 2RI TR 156052-68-5 8.60
336.0 187.1%* 30 25%
330.0 244.7% 30 16*
25 5 R 36734-19-7 7.78
330.0 288.0 30 15
. 326.1 91.0 30 34
26 RFER 71626-11-4 8.29
326.1 148.0* 30 20%*
- 316.0 165.0 30 28
27 SRR s 85509-19-9 7.60
316.0 247.0% 30 18%*
N 307.0 57.0% 36 25%
28 I s 120928-09-8 9.81
307.0 161.0 36 19
N 306.1 57.4 30 20
29 NI R i) 69327-76-0 8.49
306.1 201.0% 30 12%
o 304.1 202.1 36 36
30 AR 22224-92-6 7.20
304.1 217.1% 36 24%
‘ 303.0 85.1 30 20
31 N 950-37-8 6.88
303.0 145.0* 30 10%*
- 301.1 170.0 30 20
32 R g 149877-41-8 7.63
301.1 198.0* 30 10%
L 300.9 124.9% 30 16*
33 HEST AN 57018-04-9 8.90
300.9 268.9 30 16
B 294.1 69.3 30 20
34 = A ] 43121-43-3 7.31
294.1 197.2* 30 15%
R S O E R ST, e IR AR O TR R AR i
3.2 RHEeE-FERHFNML 3.3 ACEEEHRIMML
43K 34 T 2 bR UE AT A 100 pe/L R B2 AR 33.1 RIREMHAL
W, 75 IE 5 R 782 FHH (MST scan), I A543z FHe iR IR B I KR iR S
LR T AMEALIE, UGS T aaee ARSI K SRR IR G AT LA 2

FRHE SR, 17 F 2 FHHf(daughter scan), HEHFEF
M. THELN 2 N FETFARE R ERAEE S, H
AL F & FimiE e, bR« 1,

He L,

PEEGR 57 155 25 L T A Mk, R B BE A AL
Seo A BT LU o T 938 shAR R, B S Y 2
B TEAM BRI A M A 50 pg/kg H 34 Fligk
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IR GRS IR, TCIAE AR, WA IRY S SO
54 1RO A5 2 B mdR R e
332 FALEMMAL

A AR E AR, HER . 2S B . ZREhE.
KA .. OEMSHT YIS, HhREemBi Gy
REBAG YRR, TGN T A 24558 B Al g XEBE .

£ -N-TN R e Ab ik S (PS A) X T Hp 25 4 B A
PEJE T 1 2 Rk G A RAFIIERRE, AT LA 3L
W B 25 22 iy A 4R R A 2 T A1 SR ARk BB (GCB) HA ik IE
T IE 7S TCIAEE M, R4 F A SR SEF T, ST
W2 S 245 P AR o r g I ME R R €2 R 28 s T/ \ e R Ak o
B RERE (C )X ARAR P 50T W VR, 365 R B A
iR R RILEAE R, JOKER R EE TR A AR B

E/\Jzkﬁ[l&w]o

AR LoBHIUINE =K IEGRIER(E )L
R EFG FaE  FEASHTBATERE S I AR EE R 50 pg/kg 1
34 FhRZGIRAFMER, BHIEGRIEFEATIE 3 %, El
FRCFE i PR EIE QUEChERS M¥HEACR .

19 AIESSIALE FrAS 1 b mDSCRAE AL (LR 1),
X FIREB A2 B ek 1 B A 40 A2 PSA 50 mg.
GCB 5 mg. C5100 mg FIJC/KEiRREE 500 mg, PSA Jy 5
I E N F, GCB MKERFF, HEFEA KR IE AR
I h USSR T BICRIYES 7 40, 55 iR A
Frocm e . KB, 55 7 410E 2RI 0 DGR AL T
R G, ol d b A E S PSA 100 mg., GCB 5 mg.
Ci5 100 mg FITC/KBRAREE 500 mg.

F2 EXRBRER

Table 2 Results of orthogonal experimens

PSA/mg GCB/mg Cig/mg TCIK B R /mg [N R FE /%
R — 20 5 20 250 28.2~44.9
R 20 10 50 500 17.7~45.4
R = 20 20 100 1000 8.2~58.7

LR 53.4,F 4 1E 53.9,

iy 50 5 50 1000 @Jié% 70'3351
JE AN 50 10 100 250 30.5~65.0
IS 50 20 20 500 19.1~128.8
R e 100 5 100 500 79.4~113.9
JESUAN 100 10 20 1000 25.8~63.3
5T 100 20 50 250 15.4~65.8
130 .
120 | it
110
100
90
80

EICR /%

0 1 1 1 1 1 1

RIE AT IR
&é‘%‘f

o EXRAK— -0 =FLRK " -~ o ~-EXRB=
<o ERTRARS = ESA L —e—ECRE/\ —e—

SIS S GGNESESE

B 1 ERREEE R (n=3)

Fig.l1 Orthogonal experimental results (n=3)



512 B dn 2 4 R R I A 4R

81

34 FFIEIIE
341 HKMHEEL5EER

TR IR T LA T AE 0, AT 1R
mi BRI AL IS IS B YRR Ry T TR G s AR VR A 7
7, Be s R E S 2.5, 5. 10, 20, 30, 50, 100,
200 pg/L RN EFIR SR ME TAEE R . UIEMRIL N
10(S/N=10)31-5 % 1= FR (limit of quantitation, LOQ), 34 Flif 2}
HILR e R T E B R L3R 3. 34 FhRZ57E 2.5~200 pg/L B8
BN R R, HIEREETE 0.9958~0.9998 &, J5
B E EBRAE 0.01~5.11 pg/kg Z Jal,

342 AR R

TS B PR S AT INBRSE 5, A3 0% m 20, 50,
100 pg/kg 3 MREEAKF-, FAKEFAT 6 IRILHE, LUmbs
0] i 2R 2 82 7 vk I HE WA BE L LA A AR UE R 22 (relative
standard deviation, RSD)#% %7 EE ARG % B, S55R L3 4,
GEILEIR, 34 FRZGTE 3 AIIARIKAE T A2 B Ky
70.6%~116.1%, RSD N 1.0%~8.1%, &4V #BAE 2386
S CRZy R BRI ) i B R AR G AR RE ) Hp X o BE D
R 5 R, ULBAAR SC 86 @ 37 (1 ik aT AT, Al T 3br
B ARSI

T3 M4TMRGNEEXRZMEER

Table 3 Linear relationship and limit of quantitation of 34 kinds of pesticides

s Ve LR/ (ng/L) iy B0 LOQ/(ug/kg)
1 Xof i 2.5~200 Y=5439.63X-2098.64 0.9991 0.54
2 T TR A 2.5~100 Y=58277.8X+24284.2 0.9958 0.05
3 THI R 2.5~200 Y=15687.1X+2052.02 0.9993 0.30
4 AR 2.5~30 Y=141708X+68742.4 0.9965 0.03
5 M H ok 2.5~100 Y=16314.9X+7712.3 0.9976 0.13
6 K& 2.5~100 Y=46816.7X+11973.9 0.9991 0.15
7 IR 2.5~100 Y=14655X+6492.55 0.9987 0.20
8 BRI 2.5~200 Y=3449.12X+3994.82 0.9958 0.91
9 FH 25 2.5~100 Y=761.293X+381.447 0.9967 5.11
10 WS i 2.5~100 Y=45136.2X+3641.24 0.9998 0.13
11 WA 2.5~200 Y=55892.8X+12723.8 0.9994 0.21
12 K2k 2.5~100 Y=669.529X+110.786 0.9984 0.01
13 SBEAR 2.5~100 Y=33602.6X-8117.14 0.9997 0.03
14 IR 2.5~100 Y=37447.6X+4018.09 0.9988 0.05
15 ik FH PR 2.5~100 Y=102282X+63536.2 0.9976 0.03
16 W TR T 2.5~50 Y=96147.2X+68218.1 0.9961 0.01
17 Tik 5 Pt 2.5~100 Y=2948.14X+1796.73 0.9977 3.02
18 T E R 2.5~50 Y=131132X+92420.1 0.9958 0.01
19 Wk fif fi 2.5~100 Y=28300.1X+2682.41 0.9996 0.04
20 i i 2.5~50 ¥=85340.8X+29050.7 0.9973 0.04
21 ey RE 2.5~200 Y=17466X+1863.17 0.9989 0.22
22 I 0t i 2.5~200 Y=23098X+7206.32 0.9981 0.06
23 WE bt 749 fie 2.5~200 Y=25310.6X+15532 0.9959 0.05
24 TR TR i 2.5~100 Y=39941.1X+11861.3 0.9992 0.07
25 ST 2.5~200 Y=11650.1X+2449.37 0.9998 0.16
26 AR 2.5~50 Y=107426X+65828.1 0.9963 0.02
27 FN L 2.5~50 Y=83265.1X-530.323 0.9996 0.04
28 W i 2.5~50 Y=113101X+34402.8 0.9964 0.06
29 EE IR 1] 2.5~50 Y=122636X+14037.7 0.9990 0.03
30 KL 2.5~50 Y=84749.8X+44984.5 0.9983 0.07
31 A 2.5~200 Y=1157.81X+893 .83 0.9977 0.46
32 IR e 2.5~200 Y=12414.3X+10500.6 0.9962 0.08
33 FR 37 A A 2.5~200 Y=5417.31X-324.106 0.9996 0.35
34 R 2.5~100 Y=39936.60.X+1860.34 0.9997 0.07
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R4 34 R TR TR ZE (n=6)

Table 4 Average recovery and relative standard deviation of 34 kinds of pesticides (n=6)

TRk
i VTR 20 pg/kg 50 pug/kg 100 pg/kg
[EISCR /% RSD/% B /% RSD/% IR /% RSD/%
1 X B 101.5 3.7 109.3 4.4 103.5 42
2 I T 89.6 4.1 102.5 42 103.9 1.9
3 THR 103.2 2.5 110.4 2.7 108.8 2.0
4 AR R 88.7 4.2 95.6 4.4 92.5 45
5 i, H ok 100.9 1.6 108.7 2.7 106.5 5.0
6 KLk W 88.6 2.7 96.3 3.6 96.1 2.7
7 SRR 90.3 2.9 97.2 2.1 93.7 3.9
8 B A 94.7 4.4 108.1 1.9 106.7 3.2
9 25 94.4 2.6 97.7 3.4 94.9 2.2
10 WA 88.9 3.2 90.0 1.5 91.0 1.0
11 ZHR 70.6 3.6 71.6 1.7 75.2 3.0
12 KZH, 99.7 5.4 105.6 2.3 98.4 5.2
13 ENAl 101.6 1.3 101.0 43 100.0 2.3
14 LI 104.2 43 109.3 2.7 108.1 4.0
15 ZR Tk Y FAms 94.0 6.9 99.8 5.5 106.3 3.5
16 M5 TR i 97.4 7.2 106.6 4.9 107.7 5.0
17 ik 44 i 100.0 3.8 98.6 2.7 86.0 4.7
18 T S E L 111.7 5.6 116.1 3.0 104.0 7.2
19 Ik i fiiz 93.6 3.0 97.0 42 97.2 2.4
20 Tk i R 92.1 3.4 97.1 3.1 85.4 8.1
21 e RE 98.1 3.1 103.7 52 106.1 1.5
22 VEE A ] 99.6 2.8 109.3 4.1 108.4 1.6
23 IWE P P i 93.8 3.4 106.0 2.8 110.3 2.9
24 BN RS 84.1 2.9 93.1 1.5 92.8 3.2
25 ST 101.6 3.4 104.7 4.4 102.7 5.5
26 RRR 91.6 53 99.8 2.9 96.6 43
27 AR e 98.3 4.6 105.4 4.0 106.5 4.8
28 WA Ml Tk 76.6 2.2 86.4 3.2 87.1 2.1
29 WAE IR 1] 89.7 2.1 95.8 2.1 96.9 1.6
30 HLL W 92.0 2.7 96.2 42 97.8 5.3
31 AT 87.1 7.4 92.4 7.8 97.4 6.5
32 IR R 95.1 6.8 106.5 6.0 110.7 5.5
33 FH ST R 94.9 4.0 100.8 3.6 101.1 2.0

34 IR 101.8 4.6 103.9 2.6 106.4 1.4
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VBT RO i xE 15 iy av B4 A sE, K sh
AR 5 PN, R GB 2763-2016 H #0245 K5 B

IR X A I 25 SR AT, AR 6 ARG AP R
KBRS KA AR E REMER 25 DR
T AEFE

x5 WEFMHERMNELR
Table 5 Commercial tea sample measurement results

e RABFR KR s R W52 (B (ng/kg)

1 X} i 1 sample09 25 B2k W+ 0.60

2 TAEELUN 2 sample06 FEIZFL | sample07 FIRFH K 0.45~0.51

3 IRR 2 sample06 ZEIRFEAL | sample07 HIRE AL 0.28~0.45

4 2500 1 sample14 4 pféR2% 1.74
sample01 WA ERMET . sample02 /NFIZLAS . sample03 BARLESS . sample04 JXUEL LA |

5 ZHR 12 sample06 ZEHIZFLS | sample07 FHIRFIK | sample08 KZIHI . sample09 A5 BRI | 0.24~315.90

samplel10 £ I8 JH . samplell FFIKLLHL, samplel2 FIFZMTT . sampleld 445

6 R RUIR 1 sample03 EREH 9.15
sample01 HE AU . sample02 /NFILIZE | sample03 FBRELEAS . sample04 JRUE A |

7 Tk R 11 sample06 ZHIRFEHE | sample07 ZIAELS | sample09 FXBE M . sample10 &3 JE | 0.10~48.82

samplell FIF| KELIHI . samplel2 FIF|ZME . samplel3 A B0

sample01 # UL . sample03 BIILEZE . sample04 KUEZAMA . sample06 EIRHLS |

8 Ik R 9 sample07 ZIRHZ | sample08 KLLHI, samplel0 42 JE . samplel2 FIF W 1.27~43.02

sample13 A Bk #

9 WEE 56 2 sample06 AL | sample07 HIRH A 0.93~0.95

10 FRUEEME 1 sample03 BREEAE 6.97
sample01 WEFLME . sample03 BLREEAT . sample04 KU . sample06 FEIREFZS |

11 5% 2% T 10 sample07 ZEIELEIL | sample08 KZLH . sample09 ZX 4L . samplel0 S IRJE | 0.21~109.76

samplell FIF|RLIHL . samplel2 FIF] M
4 & (2] A W R TR AR 205 A BT A ACTRBUAR B 7 %t

AR QUEChERS RiAbBRES A8 AH {033 AR I T
TR RISt 34 BBk B, DAL T T AL B R
P BRI AR B S A 34 Bl 25100 BT 540,34
Rl ZHTE 2.5~200 pg/L JEFIPNLEMESCR RIT, HEREG)
YIRTF 0.995, Jrikia bl 0.01~5.11 pg/kgo £ 20, 50
H1 100 pg/kg BMKTHI IR 70.6%~116.1%, FHXFHR
HERZE R 1.0%~8.1% (n=6) A 5T BT 19 7 1 AT BRI
R ATALBRE | LA R R MR
o AV S M G A P, AT AR 47 b 07 F R B A I
rh Z A 2558 B A Bk
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