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Determination of 37 herbicide residues in sun dried green tea using gas
chromatography-tandem mass

MAO Jing-Chun’, MAN Hong-Ping, TAN Wen-Han, LV Sheng, LUO Zheng-Gang

(Pu’er Comprehensive Technical Testing Center, Pu’er 665000, China)

ABSTRACT: Objective A gas chromatography-tandem mass spectrometric (GC-MS/MS) method has been
developed for simultaneous determination of 37 herbicide residues in sun dried green tea. Methods The target
analyses were extracted with acetonitrile by shaking under room pressure and temperature, purified by
commercialized SPE pillar followed concentration, dissolved by epoxy heptachlor as internal standard and
determined using n-hexane. The qualitative and quantitative analysis of the 37 herbicide residues were detected by
GC-MS/MS with multi-reaction-monitor (MRM) mode. The method was validated according to the limit of detention,
limit of quantitative, the percentage of recovery and linearity range. Results All the 37 pesticides showed good
linear relationship in the range of 0.025~0.8 mg/L, and the correlation coefficient +* was greater than 0.995. The
detection limit and quantitative limit were 0.0007—0.05 mg/kg and 0.002-0.09 mg/kg, respectively. At the standard
addition levels of 0.025, 0.05 and 0.1 mg/kg, the standard addition recovery was 72.4%—109.8%, and the relative
standard deviation was less than 8%. Conclusion The detection limit, quantification, precision, accuracy and

recovery all meet the requirements of determination of herbicide pesticide residues in tea.
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2.1 EE. AT R

7000B = F H3 IR DU AT AR €15 50 1A (P 22 o
BITUR(ED, 3£ Agilent 2A7]); SC-3612 {1 B D AL(L L
PR R E AT RN FD); N-EVAP 112 ZWAL(EH
Organomation 23 H)); IWHENFEIR S8 (JEE Grant 24 F);
BSA2243 437 KF-(FH sartorius A F); IKA HS 501 #£%
ar (TEE KA UAr A R ), & E %R
(100~1000 pL, 7%[% Eppendorf /A H]); Clearnet TPT [&EFH%E
HUHE(500 mg, 6 mL, AUHFENTRHEA PR D).

NE. B IR, PEE(GREal, EE ). T.BAKER
D), 37 FeRZGARE R A AL R EE 9%, K
AR I LA B W )

A28 PR TR R 2= P R T I R
22 FEHmE

HERRARER 2.0 gCREHRE] 0.01 g)ZEmtkyRpEs:, BT
50 mL ¥R BN R, A 25 mL 25, W H1E
P45 1 L) 300 r/min F)#EHHRFFE 30min, LA 4500 r/min /)
BB 5 min, EFEZE 10 mL T 50 °C/K 544 F FISE
GRS 2 2 mL fdk .

SeH 5 mL B0 HRG3:1, V:V) Bk Clearnet TPT [
AHZERCRE, 4 FIRFTR ARG 2L, DL 15 mL ZAE:
HORG:1, VRGO BF5e), W T 50°C/KIB
KU FRPFZA SRR RS T, H 09 mL IECAE, 0.1 mL
ARIBE 2 FF1T 0.45 pm FHLIENE, il BIRE A, ARG
- B BBk B % (gas  chromatography-tandem mass spectrometry,
GC-MS/MS)iZE .

2.3 FRERHIECE

PAARABA: MERRZE 100 pg IEFRERIEZE 10 mL 25
R, GRS B 2 B2 (R
Pk VR E 250, 15 10 pg/mL (B RARRE R AR E L
FVREE R 4 ng/mL. S HBRRE TS5 CRITKEE T IR

TR A AR LR A 75 W AR A5 R 24 AR A RF L 1 i)
{H AL B R S FRUERE &, T -5 °Crkef & .

LR VCECARME AR BUE B TR A RER W, R
AP FAREAR 2 1.2 715 R AT ) A S5 DT AR oE TR,
B R 4 BTV B AR 0.025., 0.05, 0.1, 0.2,
0.5. 0.8 mg/L, T AFREEE MR EE L 0.4 mg/L.

24 @iE. FRIERH

a3 4F: DB-17MS %4 (37 mx250 um, 0.25 pm);
HIRTHEREF: FEEAE 60 °CFAFF 1 min, PA 37 °C/min
R THER ZE 160 °C4%F 0 min, LA 5 °C/min A T Z T
F 295 °CHEEF 10 min; PEFECTIREE 280 °C; A N4ALE
99.999 %M 4l A, WH A 1.2 mL/min; FHE A% IR
280 °C; HFFERIEC: AArUiERE, #EFEIE 1 pL.

S B BL FRERE 70 Ev; BRI
280 °C; SARERE TR (LA 280 °C; i K Wi
(multiple reaction monitoring, MRM); ¥AFIZEIRAF(H] 5 min,
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WD B T R GEYE ORI, %07 R R PR R b AL 2R R A
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TR TEROE M, Wedn, VT, R HOHIE C beE AR
it HARYFE o M s, IR R W ROE M, BAR A Hrik & o
R LRI
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TEEE B S0 25 0F T, H M B N 0.1 mg/L /Y
B ZFRE SR E 50~450 J LY [l P4 43 S0 A T — 2R
TS B A AR 2 B UE I 1 R T AR B T, A4
YRR I AR /D 3 XX, WL
AR . FUE 0.1 mg/L B9 37 FhERERE IR A br
WET WO T R A0, MR IR 5 bR v P R A i 1] v i
FETPB I — L i B8 7 A 2 /D — 2 e P s 1 T e
B BTREN TT o RN DA 31 A 1 g 1 ) 5 38 A B A

RIREERE . BRI BUESEILE 1.
33 HWHR. E=MR. toEMZ% RS TEERNE

TS i A KA AR L A6, InMERL S5 P14,
TEAT BT 2L R Hp S 7 A 0 B I P 35 T3 2550 T 2 M 49 AT 45 SR 1
HERPED Y AR S B6 Bk 24 HT S X RO O R 4l bR A, e
LR e . KRR . e R . bR LTI
BoARvE LAEW -

2 58 T D C A o LA R B 0.025~0.8 mg/L Jii
W R RN bR UE TAER, DA Y(4 arxn/A sxew)
X O AR X B MR X(C mines/ C smen) 2 T BRVE HH 28 ¢
OB P A 2 5 M L R T 58 F 3 MM Ik B i 2 iz
Y 5 K HY FR (Limit of detection, LOD), {58 1 KT %
T 10 By B %E b A O ik 0 B AR 8 1 BR (limit of
quantification, LQQ) 1% 77 ¥ /1 37 Fli i FL 71 9 L PR H
MR C R 2. LOD . LOQ Fl H A% 5 W % 2k i rh e 24
5t K 5% B8 PR i {8 (maximum residue limit, MRL)!'>'91%1] F*
* 2,

®1 37 MEREFE GC-MS/MS & 8 R IR EERTE
Table 1 GC-MS/MS parameters and retention times for 37 herbicides

M5 RGP XA PREGI LR PREAI ) /min @B X (mz) BEEHRENV MR (mz) BHERE/V
1 IR R trifluralin 8.577 306/160 25 306/264, 306/206 5/15
2 ZTHR benfluralin 8.688 292/160 25 292/265, 292/207 5/15
3 RN R chlorpropham 10.147 127/92 20 153/90 25
4 L fluometuron 10.252 232/72 10 232/73, 232/71 5/5
5 FRR T B propyzamide 11.934 173/146 10 173/109, 173/110 20/30
6 LiS 313 tri-allate 12,511 268/184 10 268/227, 268/110 20/30
7 LAY monolinuron 12.567 126/99 15 125/90, 155/110 10/10
8 FETH terbuthylazine 12.679 214/71 20 214/132,214/110 10/15
9 SETER clomazone 12.721 125/89 15 127/89, 204/110 15/20
10 [EEE simazine 12.866 201/173 5 201/187,201/110 5/10
11 VN acetochlor 14.188 222.9/132.2 20 222/142, 174/146 5/10
12 LR dimethenamid 14.361 232/154 10 154/121, 154/112 20/20
13 R L alachlor 14.632 188/132 15 188/130 40
14 T H R dimethachlor 14.633 197/148 10 209.9/134.1 10
15 gt propanil 15.228 161/99 30 217/161, 219/162 10/10
16 5 LR metolachlor 15.816 237/162 10 237/133, 240/162 30/10
17 L i flufenacet 15.847 151/136 10 151/95, 123/95 30/20
18 WS ] metribuzin 15.965 198/82 20 182/47,182/115 25/10
19 NN chlorthal-dimethyl 16.061 301/223 25 301/273, 301/167 15/40
20 RS} thiobencarb 16.429 259/100 5 257/72, 257/100 20/5
21 ZHRR pendimethalin 17.195 252/162 5 252/209, 252/192 5/5
22 SR 2 i) flurochloridone 17.348 311/174 15 311/187,311/103 25/15
23 I i oxadiazon 19.004 175/112 15 175/148, 175/76 5/40
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Gy RGP PRI TR BB A)/min EREFX (mz) RHEHRENV  EWE T (mz)  WEEEEV
24 (AN napropamide 20.084 128/72 5 271/100, 271/72 15/15
25 I53% P Tk nitrofen 21.396 202/139 20 283/203, 283/162 15/20
26 e i carfentrazone-ethyl 22.041 312/113 20 312/264,312/151 15/15
27 N L e diflufenican 22.789 266/247 15 266/246, 266/237 15/15
28 M 2 ik pyraflufen-ethyl 22.98 412/350 15 412/340, 349/307 15/15
29 ARk aclonifen 22.977 264/183 25 264/212, 264/195 10/15
30 FRF clodinafop-propargyl 23.348 266/91 15 237/130, 349/267 15/10
31 RER diclofop-methyl 23.725 253/162 20 253/226, 253/190 10/10
32 TR 15 picolinafen 24.375 237/146 25 237/211, 237/95 15/35
33 IRELIE lenacil 25.189 153/136 15 153/110, 153/81 15/20
34 FLIRAR R lactofen 26.225 344/223 15 344/301, 344/179 5/35
35 = HR B tralkoxydim 27.869 137/57 10 283/57, 283/227 35/5
36 MoK R quizalofop free acid 31.004 299/193 35 299/256, 299/91 15/35
37 RS RS flumioxazin 35.893 354/327 15 354/204, 354/176 10/5
®2 ITHBRERRZMEEYTSIE. EXRH &MEE, RHR. ESMRM MRL E
Table 2 Regression equations, correlation coefficients, LOD, LOQ and MRL values of 37 herbicides
. e & A . S MRL/(mg/k
@y dgntoonn dapocan BOE EER LR ES T et

1 FURR trifluralin 0.004 0.01 ¥=8.154167X+0.047860 0.9993 0.05/0.05
2 TR benfluralin 0.002 0.006 Y=19.907028X+0.145592 0.9994 0.1/

3 KM R chlorpropham 0.003 0.009 Y=49.258049.X-0.201050 0.9992 0.05/

4 B fluometuron 0.01 0.04 Y=23.796205X+0.218416 0.9997 0.02/0.02

5 SRR i propyzamide 0.0009 0.003 Y=244.376335X-1.783728 0.9995 0.05/0.05

6 WA tri-allate 0.007 0.02 ¥=15.092291X+0.228055 0.9992 0.1/

7 AR monolinuron 0.008 0.02 ¥=51.724152X-0.180661 0.9993 0.05/0.05

8 T terbuthylazine 0.007 0.02 Y=48.247074X-0.272118 0.9995 0.05/

9 LR /N clomazone 0.001 0.004 ¥=301.284972X+0.344371 0.9991 0.05/0.02
10 [per simazine 0.004 0.01 Y=49.449442X+0.757444 0.9998 0.05/
11 2 acetochlor 0.003 0.01 Y=52.724831 X-0.034787 0.9998 0.05/
12 ZHIW R dimethenamid 0.0009 0.003 Y=110.104885X-0.651494 0.9997 0.05/
13 R R alachlor 0.006 0.02 Y=62.298651X-0.249975 0.9998 0.05/
14 TR dimethachlor 0.002 0.006 Y=118.694415X-0.007248 0.9996 0.05/
15 e propanil 0.004 0.01 Y=151.555334X+0.354526 0.9996 0.05/
16 5N metolachlor 0.001 0.005 ¥=207.054024X-0.803719 0.9997 0.05/
17 FE LN flufenacet 0.002 0.006 Y=171.895443X-0.036236 0.9997 0.05/
18 18 L ] metribuzin 0.003 0.01 ¥=121.394872X+0.028690 0.9988 0.1/0.1
19 ERINGHT chlorthal-dimethyl 0.002 0.005 Y=125.729149X+0.037267 0.9998 0.05/
20 KRB thiobencarb 0.004 0.01 Y=41.509015X-0.123010 0.9998 0.05/
21 THR pendimethalin 0.007 0.02 Y=41.791192X-0.685976 0.9993 0.05/
22 S B i flurochloridone 0.01 0.03 Y=33.460373X-0.169047 0.9996 0.1/
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B AShar kgvockr DR SERRE Yt ) 72 g s MRLmgke)
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23 W i oxadiazon 0.004 0.01 Y=137.861718X-0.379245 0.9997 0.05/
24 FhEL i napropamide 0.007 0.02 Y=153.750770X-0.812951 0.9997 0.05/
25 B Tk nitrofen 0.01 0.03 Y=48.689412X~1.474892 0.9996 0.02/
26 e ] carfentrazone-ethyl 0.05 0.01 ¥=5.035195X-0.010107 0.9996 0.02/0.1
27 L S R fe diflufenican 0.0007 0.002 ¥=84.932911X+0.011443 0.9997 0.05/0.002
28 M i pyraflufen-ethyl 0.007 0.05 ¥=3.883948X+0.001732 0.9996 0.1/
29 IRk aclonifen 0.01 0.04 Y=37.324925X-1.264048 0.9997 0.05/
30 oL g clodinafop-propargyl 0.007 0.02 Y=48.497760X-1.471245 0.9993 /0.02
31 KRR diclofop-methyl 0.002 0.008 Y=156.981683 X—0.260680 0.9998 0.05/
32 ENL AN picolinafen 0.006 0.02 Y=86.647584X—0.515522 0.9996 0.05/
33 7N lenacil 0.002 0.008 Y=287.752454X-0.547669 0.9995 0.1/
34 AFARER lactofen 0.02 0.08 Y=11.232546X-0.644741 0.9922 0.05/
35 =R tralkoxydim 0.002 0.007 ¥=120.007459X-0.898041 0.9998 0.05/
36 MR R quizalofop free acid 0.01 0.04 Y=30.03078X-0.180364 0.9999 0.05/
37 P R R flumioxazin 0.03 0.09 Y=7.926325X-0.187773 0.9993 0.1/

MFE2 BT LIAE S, 7E0.025~0.8 mg/L EEHEIE

I, % BFra i S5 AR ARG TR Y(A nige/A seen)
Xif W AR B IR T X(C ripnes/ C o) I 5 R IFROLR DG
R, HEXREIIKT 0.995, Jrikdm/ M RIER 0.0007
~0.05 mg/kg, HmAE R FE Y 0.002~0.09 mg/kg. H i E
T F 2 25 8% BE IR AT 50 Tideds, AESL
I 37 Fiefe 25, (HEREEA H AT LA 37 Fi 2578 4501 H )
R EBA R REZOR, Hrkrh R bR, €&
PR H A R XA i i I e A 1 5 K % B B At B3 7
XTE, FERHIZ A R R o B 3 B 2 H A4S FTRR B3 X
A HIZ 37 AR 28R RBR BR BRI A T 5K

b L B EIl &S

2.0 g T2 BRI F BAS 4B 0.025.,
0.05.0.1 mg/kg 3 MKT-IRAFRAES, 5 30 min, {45
AW ISARUE S, SRJFHE 2.2 R IR . kIR
WMo BEABIKF-HTT 6 AT, RS ALY
[ UAg 2 FIAH X6 Bk v Al 22 (relative standard deviation, RSD),
DA ST vk W VR B ORI 8, LIRS SR L3k 3.

3.4

M 3 [l R AT AR A R 22 B E T LAE TR
0.025. 0.05. 0.1 mg/kg 3 MEINAE T BRI RE A
72.4%~109.8%, MXHRAEMZER 0.8%~8% w [FIN, MliiZ
FIORE 35 BRI 2 GB/T 27404 — 2008 { SE36%8 it 455 )
TG A ERALAGIN ) SRRy A A ISR R RO 25
(B3R FE % vk FLA AT I MER B FORE % 1%, REfg 52 &
Tl W B2 37 FhIRELTGR B B (1 SEPRgisk .

4 &

AT S TSR @ HR IR [ B AG 0 S 35 B 2k
W37 FhERFRIAR 2GR B RO, DT LRI S GB/T
23204-2008 . GB 23200.13-2016 1 GB/T 23376-2009 #{E
A7 B, B R 1AL AR R AR ARRAS, HL [T A
R AR /2 GB/T 27404 - 2008 (5250 % o 4%
MUTE F il ARSI ) XA D00 7 2 8 A T A3 L RO 8
JEREER, G H BRI E 2 RIS AR AL AR 1R R X 2 i
% 37 AR 2y E Bk B R AR I SR, A R A
R rR 37 TR R Ak B R 07 KRG B ARG D 1
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®3 SRR TR 37 FHERE BT Y B E BRI R ZE (n1=6)

Table 3 Average recovery and relative standard deviation of 37 herbicides at three spiked levels in tea (n=6)

iz 2K
iy R PREGTI LR 0.025 mg/kg 0.05 mg/kg 0.1 mg/kg
SEHIE % RSD/% /% RSD/% % RSD/%

1 AR R trifluralin 90.8 5.3 77 1.9 86 2.3
2 ZTHR benfluralin 87.1 2.9 72.8 5.3 84 3.1
3 SRR chlorpropham 101.8 2.2 90.8 3.7 96.1 1.7
4 T fluometuron 72.4 42 80.6 2.5 84.6 1.6
5 SRR P B propyzamide 100.8 1 99.8 1.5 95.3 0.9
6 AR tri-allate 96.6 4.4 82.1 42 87.4 2.4
7 B monolinuron 106.2 2.6 98.5 3.1 92.8 1.5
8 FETHE terbuthylazine 86 5.3 98.9 2.6 95 1.3
9 SERERIAL clomazone 100.2 2.1 88.5 1.3 97 0.8
10 [iERes simazine 97.5 8 97.4 3.6 94 3.1
11 LN acetochlor 98.5 1.4 95.8 3.0 91.2 2.1
12 — F W R i dimethenamid 101.5 3.4 91.1 2.5 94 2.7
13 FH B alachlor 92.8 2.3 97.6 1.9 95.9 1.9
14 — R dimethachlor 93.5 2.6 95.6 1.2 93 1.1
15 [ propanil 108 7.7 106.1 2.4 102.5 2.1
16 S P9 R i metolachlor 102.2 1.6 99.4 1.2 95.3 1.8
17 SR B flufenacet 100.5 33 104.9 1.8 99 2.6
18 15 . ] metribuzin 93.2 3.1 103.1 1.2 94.5 2.9
19 SUBKIR g chlorthal-dimethyl 97.8 3.8 93.9 3.6 91 1.7
20 ENESR) thiobencarb 102.5 1.5 98.8 3.7 95.7 1.8
21 “HRR pendimethalin 109.8 1.3 109.1 6.7 106.7 1.4
22 ECEAL flurochloridone 104.8 2.5 104.2 1.2 100.9 1
23 WEEL oxadiazon 98.5 6.4 97.9 5.6 95.9 3.5
24 FO napropamide 108.5 5.2 98.8 3.2 97.4 2.7
25 SR L Tk nitrofen 97.9 3.2 99.2 2.3 96 1.2
26 s ] carfentrazone-ethyl 103.6 42 100.5 4.8 99.8 2.9
27 L S fre diflufenican 99.2 5.6 94.5 3.8 96.2 2.9
28 M Tk pyraflufen-ethyl 102.8 22 99.2 3.8 95.8 1.4
29 IRk aclonifen 92.3 3.4 96.9 4.1 94.8 32
30 FRF clodinafop-propargyl 87.9 3 96.7 1.3 95.8 1.9
31 RER diclofop-methyl 95.5 43 97.4 23 94.6 4.4
32 TR Bk e picolinafen 100 3.6 91.6 1.4 94.1 1.8
33 IRELIE lenacil 98.5 3.2 98.1 1.9 95.4 1.2
34 AFARER lactofen 93.4 2.8 95.4 5.7 97.3 2.6
35 — FH R R tralkoxydim 89.4 2.2 85.6 1.1 90.7 1.4
36 MR R quizalofop free acid 93.9 4.7 90.4 1.4 97 1.3

37 [REES NS flumioxazin 88.5 5.9 89.2 3.5 90.1 22
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