FOOD& MACHINERY

DOI:10.13652/j.issn.1003-5788.2021.08.009

QuEChERS-SHE&1&—

HIHESH BE 238 | 2021 F£8 A | RS

= E R BUE A R B

M EEZEFP 10 Tk iz KR EF % B
Simultaneous determination of 10 kinds of amide herbicide residues
in dark tea by QUEChERS with Gas Chromatography-Triple
Quadrupole Mass Spectrometry
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Abstract: Objective: A method for simultaneous determination of
10 amide herbicide residues in dark tea was developed by QuECh-
ERS method coupled with gas chromatography-triple quadrupole
mass spectrometry ( GC-MS/MS ). Methods: After being
extracted by acetonitrile and purified by QuChERS, the samples

were separated by TG-5 SIL MS column (30 m X 0.25 mm X
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0.25 pm), then detected bymultiple reaction monitoring mode
(MRM). Blank matrix matching standard curve was used in
quantitative analysis. Results: The calibration curves had a good
liner relationship in the range of 0.001 ~0.500 mg/L with the
correlation coefficients greater than 0.999. The limits of detection
(LODs) and limits of quantitation (1LQDs) of the method were in
the range 0.001~0.002 mg/kg and 0.002~0.008 mg/kg. respec-
tively. The average recoveries were 80.3% ~ 103.2%, and the
relative standard deviations were between 0.9% and 7.3%. Con-
clusion; The method can be applied to the simultaneous detection
of amide herbicides in dark tea.

Keywords: QuUEChERS; GC-MS/MS; dark tea; amide herbicides

BB EAH 500 ZMALAY . B EEAR ELERM
TR A HLA M B SR RO i B AR
VAL I I R AR L M R A fk T e R R R TR
ZITRHRFEEE. RMBROREANK.E. B K
= AL SRAR T 2R M 2R AR R AR R AR L O R
B 24 ot AT 937 SRR R I B D A A 2 1 i UL AR
FOARZGERER A XU RS . 2% 2 W R A A 2R A
w2z A R 2% SR T 58 M B AR A 7 s G A B O B 2R
BIE NSNS A R0, IR S BR R — 2K
R R e B Y i o PR 2 AT L e ORI it T O
SRR RN IE S AR 2 0 ek 8 S B 1 ROk A
S bk BT SE A B A B N AR (e B e . %
[ B PR S B Y B L £ R TR A T kA R B T
2B 70 51 g % N2 AT R SO 9 PR . K E R

57



58

L& 5#% 7 SAFETY & INSPECTION

TR 0 B A U L B S e T 2K A 2 ) de K Bk
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MS) B 100 SR R 3 B (GC-MS)P 1 R SR o, 1 —
BRI TR 1 (GC-MS/MS)YP | iy TS 8 & 4 . 10
IR TG 0 3 A B AT RE A St R A R R TR T P A B
WO AT I3 43 A7 115 SR BBGE 24 A A B ik R R,
I A1 BE iz 25 Bk 0 790 A Al 4k B D i 3 S 0 O I ) A
(ASE)™7 | [# #1 % Bt (SPE) 37" f1 QUECHERS
PRI G 1 T Ak TR A TR BRAE BB A HLIE
M B DS S . QuECKERS Jy vk B A5 45 4 faj i
PRH G AR A B TS AE A VIR BE R U SR L Bk
I R LR A 2 IR R A 2 R R A

HFFE R ] QUEChERS Hij 4b 3 4 1k . 45 & GC-MS/
MS R 05 AR 5 L g 7 R o 8 o A ) [ 0 B S v
10 70 Tk Jiie 245 B3k 5 790 % B3 19 4G 7 325, Sl S [ 4% ik b A e
Tk frde 244 3% 0 550 5% B 10 G W00 4 4k 2 2 ) s, Dy 5% e o
I 2 I B 590 A ) W A B AR B
L MRSk
L1 #ESRH

WG AL TR TS B A B T AT DU
[ R | B A= R T TR

BRI R L 2 B S TR R SR N L T b g
Be 2l 99% , 7% E Dr.Ehrenstorfer GmbH A ] ;

DB TR SN R L MG IR R M L H R
F AR : 100 mg/L, 1 ifF 2435 S0 B Iy B IRA 7 5

NG LR O - itk 4l L 35 [ TEDIA | A 7

DA < 0,3 400, 1 ¥ 22 3% 52 56 ) 1 B0 A RS D 5

AL 43 BT 200 R TR B BRI 0 A R A A 5

HAkd AL 150 mg MgSO, ,50 mg Cis»50 mg N-
T3 2 i (PSA)Y ] b4l B[ 150 mg MgSO, .50 mg
Ci5,50 mg PSA,10 mg A 8Lk B (GCB) ] 4 fb 4l C(&
150 mg MgS0O, ,50 mg Cs,50 mg PSA,50 mg GCB) : |-
2% S B R A R A .
1.2 gE5EE

S 3 — = 3 DU MR AT T3 12 : Thermo Scientific
TSQ 9000 A, FEER G A /R BHE A Fl 5

HE 0 HL: TG16-WS AL, 3 AX & 0 HLAX 7% 47 bR

NEIR

e YR AT B TKA MS3 Y, 7 [ 3 45 ]
fe 2T T £ ) BB R B AL HCP-1000A B, 4 VT 45 7k
BT 4 BEALAR R )

&l

B 2388 | 2021 £8 A | RS

HLF 43 BF K F . BSA124S-CW %4, 78[5 28 £ #) dr
£H;

A KA : 2WM-UT1-10 B, iR 7K 55 AR B4 A R
NEIR
1.3 #RERREEF
1.3.1 PRUEREATIE 4350 B R BB O I i L 2 kg
S Y RE I SR e N R 10 mg IMADEZ IR T
BRI 554 3 100 mL £58fh S R & TR 2 4% L
J MR B R 100 mg/ L HBR A% A W, — 18 C B INA .
1.3.2 RAIRAET R 4350 10 Fi BBt i 2 B 55 7
i 4 W (100 mg/1) 4% 0.5 mL F[a— 10 mL &M+ .
LR T H BT 2 25 - BL Rl i 5.0 mg/ L AR 5 A U o [H]
W, — 18 “C Bl .
1.3.3 IRARMETAER  JH MR CER¥ R b R R R
s T 0 11 o5 & vk FE R 0.001,0.005,0.010,0.050,0.100,
0.500 mg/L MR AR AE LAEW
1.3.4 EFURAHMELER WEFE NS OERE
W1 mL T 40 CRBTFTRARET AEHEBI 1.0 mL A7
W PE YR A b ME AR 2o DB B, TC o i B IR B A
YE AW R BTV A A e AR B B
1.4 UHEEH
1.4.1 faig itk @ikt TG-5 SILMS(30 m X
0.25 mmX0.25 pm) ; $EFE R EE 280 °C s FHEAR )T WA
R 120 °C f£4%F 1 min, Lk 15 °C/min J}E £ 180 C, %
¥ 5 min. L 10 °C/min FHE ZE 240 °C, ) 30 ‘C/min FHii
% 300 C, £+ 5 min, BN w4 R4 E
=>99.9992); #H AR W O KX N HE T W R W OH
1.0 mL/min; FEAET7 SN A 73 A FERERE 1 s
L4.2 Uik st mFEE S FEENED 8 7R
IR 300 °C s {54 4k il BE 280 °C 5 flf 48 < b w5 2l A R (4l
JE>>99.999 %) 5 B 1.0 mg/ L Pk Jiic I B3k 500 750 ok ofl 125 90K 7
m/z 50~500 Wizfr MS1 434 H 38 Fr 19 1y £ 1% &
JoT T P A P B IR ) RRR AR B A BT R R R 1~
2AFEES A m/z R EFAIEN MRM Jr i1k
Fo R BEES T HEAT 7B 35 R0 6 AR AR R AL il R L R
5~50 eV, B 5 eV #EAT — YAl 1 AR A 0 B R
JE W RE RS T A
1.5 HRarEEFMRIL
1.5.1  fRBUAER LA REBOB B S R R AR
1.000 0 g B F 50 mL ¥R} .05 P L 3% 0.02 mg/kg KT
TR0 10 I e 2K IR BT AR G bR HE IS W A 5 mL KB
FoK L IATER S5 ##E 30 min, 43 HER A 10.0 mL N
M. ZRCER I IMA 2 g AL, I IEHR % 2 min,
5000 r/min B0 5 min, ] 2 mL FERE THLE (B
A 150 mg MgSO,, 50 mg Ci;s, 50 mg PSA, 10 mg
GCB) 1, J#l Z1 34 € 2 min, 5 000 r/min B5.0» 5 min, EF
B 1.0 mL E 4B, 40 CORIBAMRE T HEF A 1.0 mL



&M | Vol.37, No.8

LPRCEERE I 3T 0.22 pm A HLIENE, EALIE HARY
m] i 2
L5.2  HAeiiife AR T ] 2 mL B
WK 3 A AL AT Al AL AL 5 000 0 A
(# 150 mg MgSO,, 50 mg Cy, 50 mg PSA), B (&
150 mg MgSO, ,50 mg C;5.50 mg PSA,10 mg GCB),C
(% 150 mg MgS0O,, 50 mg Cy;, 50 mg PSA, 50 mg
GCB) , I Z13#4 J#€ 2 min,5 000 r/min Bj.L» 5 min, 1 # BB
1.0 mL B3, 40 CARBARET MEMMA 1.0 mL &
FR Mg 3 0.22 pm A HLIEEE, EAHLIE H F59 Y Wl
e,
1.6  ERBITM

B R RHEN 3 1.5 M7 RS B O TR,
IR FH 28 10 6 0T ¥ R IC 1) i BT TR b i AR R B L [
FH 50 I 0 AR [) e B2 1) 9 390 A ol A R B0 7R A R Y
GC-MS/MS Z 4T I 7 #5 3 = 57 DG 5 s o4 il 28 R s 50 4
e o 43 (D THE 25 243 1 HE O

Mg=(B—A)/AX100%, (D

EvL A

M —— TR0 S %6 5

AR il 2Rl

B——J by o i 2R %
L7 MR G HRMESRNE

P2 1.5 1Y J5 12 ) o A5 1 R O VR O R R B ik B
0.001,0.005,0.010,0.050,0.100,0.500 mg/L Ay E: TR &
T E 2R 9 AR, DA% 20 4 1) e T R g 0 A B o AH B 1) B
IR R AL AR 2 AR E I R TEA B B ARRE P
TR VAR B2 PR T 5 s 9 0 2 ) A MR B (S /ND 2y 3 R
10 I fy 25 R U450 B2 5 5 T A e R S R
1.8 EMmEMBEENE

VRIS B 2% RE T BEAT WS [l R B L R K -
0.01,0.02,0.10 mg/kg, &4 KFF47 0 E 6 W, W&

5 FE% :QUEChERS S B IE—=ZE MR RIEERMUERF R 10 MEBEREBREFKE

10 i Ik e 285 o 3 79 kL 310 [l SR FIORS 2% 2
1.9 EZEHERBNE

MR foe DA i 7 A By XAk B PR R L AR AR Y
AR A 1T D RS AT T 10 o 5 e 2 B o 70 5
2 RS0
2.1 NBEEHERL

MBI A R T 10 Pk e 38 Bk 570 0 O) B g
(] R AE B MR RE B R AT Lh R I R AE T
TENBIRE R Y8 F RS0 6 0 a
BT PR 2 s M IER R HERNE FEN
FE i JE R A MRM 3 #8804k T ik B+ 25+ 1)
il 18 B 2 5 06t dme A 0l AR AR A, 10 o 5 M 2 I R0 11 B %
fERILER 1. 10 Fh Bk e 28 B BE 500 1 45 B A iz ¥ i MRM
Rk B 1 BT R . A 1 R] AT, 10 i 28 B RE ) W] A5
EI RS &= i R WA N
2.2 HREREEGEMRL
2.2.1 REBUAN R ZIE RO L 10 Fi s e 2 By 2 5
B ol i SE 3 A 85 %6 LA B L SR U A T T B A 28R 21
NS E LR TR AR AR FRMK 2 . 1#
OB A5 A B AL B BT R R T 2 i 3R O
AR B0 BT/ . 275 H IR IS G 1R A

Ak BHFE O R
2.2.2 AR PSA WG R ET A A2 BR B HOR OB

By 20 IR W07 TR B R P 8 3R 25 T » Co MR B 590 7T 2 B TR 26
Jig 107 S AR M T3, GCB W A5 5% L IR B UK P R .
Bt & v A0 SFOR b 28 19 38 00 o 40 IB0OBOK B T . BLBER
GCB 5l AEBOR R G A AL IS 1 3 8164 5L
HHA B E R 6. 415 C L E i T
. HE AGIEIE R T ORERE R IR
PR MR . A5 BEfLE #4101
S Hy R AR, Ry 800 ~110% (& 2, [H Ik, Btk

F1 0MBEEREFNREBEBERS KEENSH

Table 1 Relation time and multiple reaction monitoring parameter of 10 amide herbicides

R — T%‘%’Elﬂ‘ A 1 EME 2
[] /min B X i fE/ eV B filf{E g/ eV B X i fE/ eV

o NN 9.39 173.0>>109.0 40 173.0>145.0 20 175.0>>146.9 25
T E 11.30 134.1>>105.1 20 197.1>120.1 30 197.1>148.0 15
VN3 11.48 146.1>131.1 20 223.1>>132.0 30 223.1>>147.0 15
B iz 11.77 146.1>131.0 25 160.2>>131.0 25 188.1>>160.0 20
SN R 11.92 132.1>117.0 20 162.1>>147.0 25 223.1>147.0 15
ST R 12.97 146.1>131.0 20 162.2>133.1 20 238.1>>162.0 20
T E g 15.08 160.1>131.1 25 176.1>>147.0 20 188.1>>160.0 15
ENLRIS 15.46 145.0>>95.0 20 173.0>144.9 25 281.1>173.0 20
L i Pk e 17.49 246.1>217.9 25 266.1>>238.0 25 266.1>>246.0 5
DRSS i 20.34 259.1>>231.0 25 354.2>>312.0 5 354.2>>326.0 5
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Figure 2 Recoveries of the 10 kinds of amide herbicides
after cleaning up with three groups of
mixed adsorbents
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Figure 3 Matrix effects of 10 amide herbicides

in dark tea
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Table 2

10 amide herbicides in dark tea

Linear equations, correlation coefficients, limit of detection(LOD), limit of quantification (LOQ) of

o 2 750 44 B 2R Il )9 07 R? LOD/(mg * kg™!) LOQ/(mg + kg™!)
MR e Y =44 071.512 3X +65.047 0 0.999 9 0.001 0.003
R Y=100 234.263 3X+57.336 5 0.999 9 0.001 0.002
LB Y =138 503.651 9X +38.984 4 0.999 6 0.001 0.004
2 Y=147 108.067 8X +152.725 9 0.999 1 0.002 0.007
ST e Y=53 318.259 7X +42.162 3 0.999 3 0.002 0.006
SR PERE  Y=444 861.614 7X+636.159 3 0.999 9 0.001 0.002
T Y =094 456.378 9X +21.674 1 0.999 5 0.002 0.008
Fe It i Y=436 574.261 0X —86.900 3 0.999 9 0.001 0.002
MBS Y=280 525.750 5X +14.959 0 0.999 4 0.002 0.006
AR Y=72 143.269 3X +14.205 3 0.999 6 0.001 0.004
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Table 3 Recoveries and standard deviations of 10 kinds of amide herbicides in dark tea (n=26) %

AR 0.01 mg/kg

INFRHE 0.02 mg/kg

IFRHEJE 0.10 mg/kg

)“WV
i
%
i
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-1 i RSD -1 i % RSD REalnlliEs RSD
L [ i 82.7 4.8 1 3.4 86.4 2.3
IR 88.7 2.7 88.5 2.2 92.0 3.4
L E 82.3 4.2 88.5 3.8 94.6 0.9
PR BE Jiz 80.3 3.7 90.1 4.8 96.8 1.4
ST B 87.5 4.7 91.0 1.5 101.5 1.1
SN B 84.2 5.0 88.3 3.9 102.3 3.1
T E 88.0 7.3 91.0 3.4 101.5 1.4
L 98.0 3.7 93.9 4.0 98.8 2.1
b S T e 101.0 3.7 93.0 3.1 97.2 5.0
T R 2 102.0 5.5 103.2 1.1 100.6 2.7
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