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8 =: BB 57 QuEChERS-—HE PUMAT AR (35 BTl Ik S0 5 28 v 4 31 Rl 255 B8 1) M7 O i
FE UL 05%MLIR-LIE VIV EBAE I E R, MATOKIRBREE . BRI TR, 5 HIRERREE . & —JHe-N-
INIEREBEALAENE | Cis AT B AL e R BURHAL, JE I ARBURGEE T, H 0.5%ZMR-ZNE %, RANIRE
SE B, TR ERE-TOEBE RN 2 005E 31 FhR 2558 . @GR Jr kAR IEMR S REGA ] 0.999 DL B, KR
N 10~50 pg/kg. [FIMFRITLLAFNLRAAN RN, FINAR BISCFE Oz 07 ik AR 3 B A E B, 31 R 2y i
%i’%@l&%ﬂﬂ 31%~86.7%, FIXSARUEN 20 0~10%. L5 Z ) IEBRAE R IREGE | A AR, J5 ki R
« TR JRE RUR 5 LA 53 2 I R AR 2 R BRI RE PR AR 2R
*%iﬂ:QuEChERS; = H U AT R I B R 2Rt

Determination of 31 kinds of pesticide residues in tea by triple quadrupole
gas chromatography-mass spectrometry

WANG lJia-Lei, ZENG Hai-Ying*, LI Si-Si, ZHANG Xiao-Li, MA Hong-Chao

(Shandong Shijin Inspection Service Co., Ltd., Rongcheng 264309, China)

ABSTRACT: Objective To establish a method for the determination of 31 pesticide residues in tea by triple
QuEChERS- triple quadrupole gas chromatography-mass spectrometry. Methods 0.5% acetic acid acetonitrile
(V1V) solution was used as solvent, anhydrous magnesium sulfate and sodium acetate were added for extraction. After
that, magnesium silicate, ethylenediamine-n-propylsilylated silica gel, C;3 and graphitized carbon black purification
reagents were used for purification. The purification solution was concentrated to dryness by nitrogen blowing
instrument, and then diluted to volume by 0.5% acetic acid acetonitrile. The internal standard method was used for
quantification, and gas chromatography-mass spectrometry was used simultaneous determination of 31 pesticide
residues. Results The linear correlation coefficient of the method was above 0.999, and the limit of detection was
10-50 pg/kg. The average recoveries of 31 pesticides were 31%—86.7%, and the relative standard deviations were
0-10%. Conclusion This method is simple and quick, and low cost. The sensitivity, accuracy and precision of the
method meet the technical requirements for the determination of pesticide residues in tea leaves.
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0 3

NBREFE I BREAE, MR A KA R P AR I A
2y, ALURZGG R bR . KIE ARV A2 &
S e . KU PG AT, XA 2 RUE — 1
JEE A R BR AR E . SR, AT AR E R
JEHE R R AR M 1 5k B R LS AR, e —E TR
SR TR A KR o B L AR 2 5k B AR B 2 A
AT, KT 5% B A2 1) XRG4 il B A 2 A ol i — A
TR 5512 S DU €S S G P v AT A 3K
A 2 5% B BRI T BE 2 —, LA B R AT LA T 2 A
FREA RIS 08T | A BRA . #RAEJ7 i, RAT QUEChERS 1)
FERDAL B, BATRESRALBRDR . GRE AR o G A
fiE. RMEVERITE . il PREEARE R, FEAR 2B 1A
i ARz R R

KM EGRZH . A, B, BRI T
FEEFAEINRE, AR R, BTN e 24
B B 1) 5 1 R SCRR A i A BRI 7k 2 B A G 1) [ AR 2
W, WO AR FU8, AU IR A R A
WA ERRE . SO @SB . RO @RS - SRR
R R0 = T DO A A 3 R IR T 9y 21, A
78 F 2K QUECHERS BEATRITAREERIN, SR NBRIE A
PR e IR AR A5 = RS B iy S A SEOST ) 52, ) 2R
e 14 = T DU AR O € 1 B A, S 7 [ i s
31 B 255K B ARSI 7 35, SEBUMERRINE, At R
KM RIS

1 MR5ERZE

1.1 2. AFIS5HR

GCMS-TQS8040NX = & U B F < AH £ 33 i i 1%
{L(H A B A 7DD, Allegrax-22R e i ¥4 7R B850 L (12 )
BECKMAN COULTER 2 #); GM-200 JJ A B8 A% (7 [
38k 2y F)); ARAS20 HL K P (35 B B 58 i 2 ) );
IKATI8 =i 5)KAL0 MALELARD); JTYL-C93T 42145
WEHLIUBA B A7 BRZA #1); HSC-24A &R TAX (K HEdr
BB A PR FD; IKA MS3 IR ER 5 2% (7 MR A R
N, V=700 JiEHE 7% & A (F ) BUCHI R-215 24 7)),

LI (75-05-8) . LR L PR(Eik 2, fEEBREAA);
B R (43 Mréli, 55896-93-0, A 5 T BUW AL T4 BR 2\ #);
TRRREE (S M i, 7487-88-9, KT HLfE 1L 2% Tk A BR 2
Fl); BEMRAN(OrHrall, 6131-90-4, FKHLT 4 4 4k 2 b
FER /NI

7 i -N-IN ZE iR e AL RE RS (PSA, KA L AR B}
HAWAFD) . TSI A R (C s, KGN
IRBHEABRARD; FEHRT: 2 em(K)x1 em(PM2)(RHE

g8 AR R B A R 2 A, AL B B A PLAE
13 mmx0.22 pm)(K HEHERE S50 15 45 B vl

31 FiA A A T (o AR R PRI | A 52 | JRUSAE
PRI RSO A TR |« TSR . H IR . Rk O
XPBRE . FREUAEER . e R . BORAETR . R, GRIAEE . A
ST AR AN AR . Sl . KRR . USSR
S-THUM AR . SRR | RIEARRE | KRB . R TR
TEANE . AR CIEH RS . pp. EIEE . op. -
s . pp. -HEIEEE . pop. I . a-7S7STS L BASTSTS
¥-666 F1 8-73 7575 (M 50 mg/L) AR 45 % (100 pg/mL)(Faf
IRERHABRA .
1.2 fRERVISIE

IR & bR fE 8 I W (CatalogNo: 1ST27671-50E
CatalogNo: 1ST27672-50E): | 31 FR 2GR A 4 W,
LR TEB IR EWPE N 5 mg/L WG R IR A brfEff
FHE W

TRA PR E TAEWC: BOE R A bR s, H
2% R ECHI B E S 20, 500 100, 200, 300, 400,
500 pg/L IARIE RS . FIAR I B v A 24 5% B 4 vk B 5
21 bR E R A e S

N B ¥ TR (CAS:1024-57-3): BUI&E &8 N bR IF7 45 1)
(100 pg/mL), FIZF& Z Tifi B 2 4 10 pg/mL.
1.3 #mAEE

ZNE Y4240 1 2 B3, 1 B EE(> 100 g), 55 117
V1A 5 TS SOk B TR ST (20 BT (> 100 ), 2 T
PIBRHAE T, — R EEE, S — I . AR A
TR N B IR Z B

FREL 2 g IRFECK B 2 0.01 )T 50 mL SR} 85048
B 10 mL KR BEIR S, #E 30~40 min(ZEPFIEAS AT
PLE 4 4E 32 B ] ) . A 20 mL o 2 - BR VA TR
(99.5:0.5, V2V), 5 g TKBLEREE, 1.5 g B BRAM K i & 1 Ik
T, @ EEOHNLE, MPPRY 1~2 minJ5 4000 r/min B0
5 min, W 10 mL F3EBOMEI A 1500 mg fERREE |
500 mg PSA., 500 mg C,s 5 200 mg GCB ] 15 mL ¥k}
B, EHEIR A 1 min, 4000 r/min B0 5 min, AERR T HL
2mL F¥EW T 10 mL i, 40 cCAKEH AR Z T, fin
A 20 uL B NFRIER, A 1 mL 2R ZBE R 7, L
JERE, F I . [l AR A

1.4 NEEH

141 &5t

3% 4. SH-RxI-5Sil MS %45 (30 mx0.25 mm,
0.25 pm)

FEdR: BPTHE, W 1
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®1 BFARSERM HERE TTRLEE : 250°CH TR 2RI IE: 280 °C, B

Table 1 Temperature programmed reference conditions — . .
perature prog o 505(99.99%), ¥ii: 1.0 mL/min.

% /(°C/min) Bfiree 45/ min 142 JRikdt
YU I 50 1 Ly 3k BT AL B RERL: 70 eV, B FURIRLEE: 200 °C,
Bt 1 25 125 0 ek et 2 280 °CHi B MRM ., B FP A 2 Y B g
WrB: 2 10 300 8.5 FXb L T ARG R, SR 2,

®2 NMRAPVMAGULEYNEES T EMEFX

Table 2 Quantitative and qualitative ion pairs of 31 pesticides and internal standard compounds

s P S FE L X Tl i /v FE S X fill42 o Hs /v
7N Hat& 352.8~262.9 15 354.8~264.9 15
B A 25
1 IR Tk R B 136.0~94.0 10 136.0~42.0 5
2 ik R 147.2~117.1 20 147.2~132.2 10
3 S TS W N R AR R R 226.0~206.0 15 198.9~170.1 25
4 UK A e 156.9~107.1 15 198.9~157.0 10
5 FR LT 262.9~109.0 10 232.9~109.0 10
6 FR R4 TR 207.9~181.0 5 264.9~210.0 10
7 HH Y 141.0~95.0 5 141.0~79.0 15
8 GiEa20 260.0~75.0 5 230.9~128.9 25
9 T 161.0~119.1 5 161.0~146.0 5
10 SR A TR A sk A AU A TR 197.0~141.0 10 197.0~161.0 5
11 N 196.0~140.0 10 168.0~140.0 5
12 a-fift 194.9~159 5 194.9~125 20
13 IR 3 i 181.2~165.2 25 181.2~166.2 10
14 TR ek 136.0~94.0 10 136.0~42.0 5
15 AURR 155.9~110.0 5 109.9~79.0 15
16 AR 252.9~93 15 250.7~172.0 5
17 T BB 230.9~175.0 10 230.9~129.0 20
18 K e 135.9~108.0 15 135.9~69.0 30
19 A I 277.0~260.0 5 277.0~109.0 20
20 AR A SRR 4G TR 167.0~125.1 5 224.9~119.0 15
21 A 139.0~111.0 15 250.9~138.9 15
22 KL T 157.9~97.0 15 157.9~114.0 5
23 T A L 164.2~149.1 10 164.2~131.1 15
24 p.p. T 235.0~165.2 20 237.0~165.2 20
25 0,p. -1 235.0~165.2 20 237~165.2 20
26 p.p. - 246.1~176.2 30 315.8~246.0 15
27 p.p. - IE 234.9~165.1 20 236.9~165.2 20
28 T AVAVAN 218.9~183.0 5 216.9~181.0 5
29 B-INTNIN 181.0~145.0 15 216.9~181.0 5
30 7-666 181.0~145.0 15 216.9~181.0 5

31 0-7N757% 217.0~181.1 5 181.1~145.1 15
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1.5 EFNE

PR B AE TS, R GC-MS/MS 4347
J5 B AR IE RE B AT O IR E o PR AR IS, K
TP A0 U X s HE VA T 45 1 A VRIS V5 YR0R BN A [ i
FESHEA TN AE o 3 BRI AT 25 AR 45 0 B AR LA P s e
2k o #F 5LV TR b BB Ak A 4 i 7 E 359 10 7 (S 2k
PESE P o DL B AR P bR v TR S R PR,
22 b o 28 BT A B AR S O AR, AR A E (O ER)
T R TS AR E S IR R

2 GER5HH

2.1 RERRIEIEE

BEXT AR AR dh, oA 25 5 B AR AT A A9 W S 2
AMaRER | MR REOREYE, USRS AP
BRIAL B W I A B oY, S TP PR L IR L
fiE | W PES EIRFET | Gy, Cog SRBURMARUE T 1L, 1R

— (SRR HE LA S 2 BR T . RO i, 45814k
7% M. (graphitized carbon black, GCB)RU A, 255 H
2 AW AMIRISAL A Y 2 T -N-TN B RE e AL fE IS A C g
BOR B, RBRAE B T K S B R BE R B A - RBRAE
B[ AH ZE R, I T8 . MR L T, AR
QuEChERS!"11,

2.2 ZMEVEAFESKEIR
TE RS2 SRR, 31 RhARZHTE 20~500 pg/L 1Y

WL MG R R AP, MIERBUIRT 0.99, R
FEARTE, MR 10~50 pg/kg, 1 3.
2.3 [EYERER

Oy MR EL A MR AR AT AR SE 56, 1) BR it g A A
P4 BT IR A AR TERR M 100, 200, 250 pg/kg 3 7K
RRNA 2, TR, AKEHATIE 6 K,
A HEAT 3 ACE 31 Flfe 25 s mII i, 25 5 00
P4, T SRR T

®3 IEHEREHR

Table 3 Standard curve and detection limit

ivallBE| LRk ]y AR B - Rt B/ g/kg)
Rk PR ¥=0.9950255X-0.339312 0.9936 50
A % Y=13.12993X-3.185484 0.9993 50
SRS R N SO S A TR ¥=0.2672898X~7.53261¢-002 0.9988 50
UK S e Y=2.734837X-0.7106755 0.9988 50
PR L XS 1 ¥=0.927893X-0.1451604 0.9988 10
R A R Y=1.185705X-0.2112939 0.9996 50
FH e Y=1.328918X-8.604381¢-002 0.9998 10
GiEzR0 Y=1.16441X-7.949164¢-002 0.9995 10
AT ¥=2.683146X-9.360099¢-002 0.9995 10
SRR e A S T R ¥=2.303401X-0.6308733 0.9985 50
RN ¥=2.310513X-0.4621138 0.9994 10
ST Y=0.5385731X+4.324232¢-002 0.9989 10
I A i Y=18.64569X+5.422815 0.9634 50
TR e Y=1.270734X-0.8100957 0.9984 50
FURR Y=2.437785X-0.3433224 0.9988 50
IREEER Y=0.7884207X-0.2765507 0.9958 50
T ¥=3.020777X-0.1773316 0.9997 10
K Wt i Y=4.46207X-0.5801517 0.9991 50
A Y=1.368424X-0.2826877 0.9986 50
TN AE R AN S-FUN 3 Ik Y=1.473483X-0.457993 0.9968 10
XN ] ¥=8.750405X-2.110646 0.9973 10
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= 3(8)
s H e uAEEp¥ AHSEE B - i BR/ (e g/kg)
KR ¥=2.507946X-2.078247¢-002 0.9994 10
LNED ¥=4.108984X-9.433396¢-002 0.9992 10
p.p. - IR Y=7.744765X-1.120421 0.9996 10
o,p. I i Y=8.755851X-0.5726405 0.9993 10
p.p. - Y=6.192274X+0.4806593 0.9988 10
p.p- - Y=11.75734X-0.2840926 0.9992 10
[ AVAVA Y=1.917302X+0.1642962 0.9988 10
) Savavay Y=3.373844X+0.3465052 0.9986 10
7-666 Y=3.580035X+0.3634322 0.9981 50
S AVAVAN Y=1.268123X+5.242667¢-002 0.9989 10
R4 RMEBER R AR AERE (N=6)
Table 4 Addition recoveries and standard deviations (n=6)
e bk B RSl AR 1 A 22 S Rl R AE X o A 2
/(ug/kg) 1%(£1%5) 1%(£1%5) 1%(5%45) 1% (B-7%)
100 86.7 3.84 83.2 2.76
R gk FH PR 200 80.6 2.81 80.0 0.89
250 80.1 1.45 80.4 1.96
100 83.8 2.15 82.1 1.21
Mk 5 72 200 83.3 0.42 86.7 451
250 81.8 0.62 80.2 1.46
100 552 2.75 78.5 3.88
S US4 TR AR EUR  R 200 60.2 1.37 76.4 3.43
250 58.3 2.15 78.9 2.44
100 61.2 2.05 69.4 1.74
RN A e 200 65.6 1.59 76.8 2.36
250 69.3 0.78 79.2 1.68
100 59.1 1.98 69.2 5.90
FR LT 200 66.7 1.97 75.2 3.67
250 66.9 0.99 78.5 2.14
100 56.8 3.26 71.1 6.09
R R 200 59.6 1.97 77.5 1.49
250 60.5 0.29 75.5 1.99
100 46.3 4.51 64.6 7.98
FH e 200 43.4 3.19 68.0 7.54
250 415 0.94 76.6 4.17
100 39.7 1.31 60.3 3.27
LS 200 46.2 1.69 66.8 1.83

250 40.5 1.06 69.7 2.01
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R 4B
s Jbrvk BE 1y IEILIT? *ﬁxﬂﬁ&ﬂﬁ% RS AR v A 2
Nug/kg) I%(£L55) 1% (2L55) 1% (5%55) 1% (B:7%)
100 44.4 1.36 51.0 6.51
ST 200 53.9 1.75 65.4 5.43
250 50.9 1.27 69.2 4.68
100 552 1.84 67.4 2.84
SRR T A RS TR 200 60.4 0.62 77.4 8.55
250 58.9 0.59 79.7 6.76
100 53.1 2.95 63.7 3.84
T PR 200 47.0 2.06 66.9 4.82
250 51.0 0.92 70.8 3.89
100 44.1 1.79 68.2 7.72
T Ft 200 48.2 131 86.1 2.52
250 48.9 7.69 69.1 8.60
100 65.3 2.80 79.8 4.16
WA AG TR 200 58.2 1.36 68.5 436
250 62.2 0.58 69.9 1.99
100 425 4.05 62.1 5.88
Tt FR P gt 200 48.1 0.67 66.2 2.45
250 47.6 0.91 60.2 3.74
100 37.1 2.28 51.0 4.55
FURR 200 433 2.46 66.7 6.66
250 42.1 1.04 59.6 5.97
100 582 1.65 68.4 4.15
TR e 200 58.4 1.03 66.9 2.80
250 58.5 1.45 69.3 1.82
100 35.7 3.84 53.5 5.09
LSRR 200 43.5 2.81 66.5 6.98
250 412 1.45 59.6 1.89
100 72.9 2.15 80.6 6.17
K B 200 74.9 4.42 81.7 3.98
250 71.2 6.62 79.3 5.69
100 59.0 6.75 78.1 477
AW 200 65.1 1.37 74.9 4.05
250 67.3 436 78.2 3.05
100 56.3 2.05 68.9 4.07
LB AN S-FUL A Bk 200 62.9 1.59 76.1 3.06

250 60.2 4.78 69.4 5.90
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®4(8)
o by e B ?iﬁﬁluﬂz? *ﬁx%ﬂ&%% SB[l g AR Al 22
[(pg/kg) 1% (£L55) %(£L55) 1%(5%55) 1% (575%)
100 329 5.98 49.8 6.53
AR 200 33.1 4.97 51.2 4.64
250 32.7 2.99 43.1 4.18
100 45.9 3.26 49.7 3.65
KL T 200 51.9 6.97 67.3 7.16
250 50.2 0.29 59.9 222
100 64.7 4.51 69.7 5.27
T A B 200 76.1 3.19 78.0 8.61
250 71.5 2.94 78.9 1.53
100 49.0 1.31 52.0 2.94
p,p. - 200 46.5 4.69 56.4 4.49
250 41.6 1.06 50.0 2.36
100 40.6 1.36 513 1.65
o.p. - 200 43.4 1.75 56.2 4.14
250 41.9 3.27 50.0 3.39
100 45.0 1.84 52.1 2.15
p.p. - 200 43.4 0.62 56.2 7.27
250 515 0.59 50.2 2.00
100 41.8 2.95 41.6 437
p.p. - 200 45.9 2.06 47.4 2.05
250 41.2 0.92 48.9 2.13
100 38.9 1.79 41.7 3.64
[ TAVAVAN 200 46.0 1.31 47.0 2.79
250 51.7 4.17 58.2 3.83
100 325 2.80 40.6 3.37
) S AVAVAY 200 35.2 3.36 46.7 4.01
250 347 2.58 39.1 3.81
100 33.0 2.05 40.4 3.62
7-666 200 33.6 0.67 47.1 5.03
250 31.0 5.91 40.1 4.15
100 43.0 2.28 51.1 5.19
S AVAVAN 200 46.1 2.46 47.2 4.75

250 42.6 1.04 49.9 3.62
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