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W OE: BRY s W s RO - U AR R /R 37 B0 TE BE R 4 F T % (ultra performance liquid
chromatography-quadrupole electrostatic field orbital trap high resolution mass spectrometry, UPLC-Q-Orbitrap
HRMS) M 5E M o BT g BB B S AR B B R S W vk . 5k FRIL1.00 g 28, LA 20 mL 3%
1%%&6@%3@%(1:1 VVAREURK, A HEL 5 min, 4500 r/min #.0> 5 min, % Oasis PRIME HLB [E A ZE B
1k Ak, I RO (R - TR AT/ R S I B 2 eSO A XA R A TN SRR AR R
T . BRI B ARIAE 5.0~50 ng/mL MYFEREN, LRIECR RAF(r > 0.999), “FIREICRLE 83.7%~92.2%2 [1],
FIXIBRIEDR 2R T 10%, K2 BR2Y 0.02 mg/kg, R 0.05 mg/kg. G M7 IARTAL BTG PR, HEm
PEGF . REUE R, ATSCBUR M R R R I R LA R DR A
KR M RO (35 - U AT/ i S OB B e o BB IR R R SRR AR E U AR
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ABSTRACT: Objective To establish a method for the determination of glyphosate, glufosinate-ammonium and
their metabolite residues in tea by ultra performance liquid chromatography-quadrupole electrostatic field orbital trap
high resolution mass spectrometry (UPLC-Q-Orbitrap HRMS). Methods 1.00 g tea sample was weighed, 20 mL
methanol water (1:1, V:V) extraction solution containing 1% formic acid was added, ultrasonic extraction was

performed for 5 min, and centrifugation was performed at 4500 r/min for 5 min. The sample was purified by Oasis
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PRiIME HLB solid phase extraction column, and determined by UPLC-Q-Orbitrap HRMS. Results The linear

relationship between glyphosate, glufosinate-ammonium and their metabolite residues in tea was good in the range of

5.0-50 ng/mL (r*>>0.999), the average recoveries were between 83.7%—-92.2%, the relative standard deviation (RSD)

was less than 10%, the limit of detection (LOD) was 0.02 mg/kg, and the limit of quantitative (LOQ) was 0.05 mg/kg.

Concluson

This method is simple, rapid, accurate and sensitive, which can realize the rapid screening of

glyphosate, glyphosate-ammonium and their metabolite residues in tea.

KEY WORDS: tea; ultra performance liquid chromatography-quadrupole electrostatic field orbital trap high

resolution mass spectrometry; glyphosate; glufosinate-ammonium; metabolite residues; pass-through solid phase

extraction
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F A R, 5 b 1 2R 7 L A B
KR R A, 1 HL D H OB A A RSB
B Ap ] i AR 72 A R RO A W R TR A 2 T
G — I E KPR . FEAMAE 7 30719, 5t vhAe 24 5% B n)
ZFNHOA M Z e TEN . B B (glyphosate, GLY )44 il
(glufosinate ammonium, GLUF){E A4 UL IR EEFEPERR R,
TEZSH AL Bl Tz N, T BOZ R Y TE L s
TR, fEFE I SRR, AR R A
TR oy T A B R BRI AN B PR A, R T RK
e &, H W5 kBB, 3P L RER
[(aminomethyl)phosphonic acid, AMPA &5 H A 5 72k
M EEA LAY, N-Z - R (N-acetyl glufosinate, NAG)
F1 3-FELBEIL IR {3-[methyl(oxido) phosphoryl]propanoate,
MPP} 2Ll B R M 5 7 A7 2R R 2., AR
mOFR . HEEMEZmAEEY, Sm TP ES B, &
BT [E AR E GB 23200.108—2018 (HIMIRIE L i 5
B BRI E VA G- TS IR ) AT L bR o
SN/T 4850—2017 { Hh F1Ez it rb B e ik S HA I A 5 P 4 1Y
W5 Jr ik ORI ) B Sck> 1 P 2 R
9-7 W RL G P BRI 5 iR AT A AR AL SO, AT Ab PR R 4
Fe, BRAEBUT, PRUCERRS SR RT, d —Fh R R 259
AP IN 7k, X R 2R T AR | IR R A 24
HATEZEMNE L.

FUAT, S1xr B B 10 & W C A il A A i Ak 2
J7 AT (DI EBATA Tl ARME SN/T 4655—2016¢ i} £
st P BT Rl R AR B B I 1 WO €3 - B/
JoE % 3 ) ) 3 BT 4% 45 6 VRORH €435 - 5T 3% BE 72 (liquid
chromatography-mass spectrometry, LC-MS)F 55 - H B H
it B AR A TR ; (2) W% S5 U R ) 22 BE B KA 25
4 LC-MS A BARH- R Rl | i o R A A T
S5 (3)E YA SCHRUS O R T BH B F A ke bk, miTA
PR R B E R . MR R X B ZEBUME Oasis

PRiIME HLB 54 VUM AT & L I B0 B 5 43 B o 3k R st
e A ntrb 5 AR AL GO HGE . 55 AL vk
A, st AT ZE BN Oasis PRIME HLB, #] 40
PEBORIEAT L RE, OFT AL Wk, VRS E AR, W)
AR KR A FE NS LAY R BERGE
(M/z 200, 43384 70000)38 13 R AL 1 e HERR B2 B4, A 3h
fiuh A 77 A R R, RORREAR T I Bl s T4, 4551
A R AT ARG AP P iy

AT ET R F A 5 2 A A B Oasis PRIME HLB,
[F) sF 245 5 DU AR T L S 00 B o5 e B S i i, DA A T —
RS v BT Ml . R S 24 W B I R R v,
P A i v A 25 5% B ARG I B2 (A 1 JEL B, x4 e 2
MHERCE . R R A e e Hog B L.

1 MR5RE

1.1 E5RF

Ultimate 3000 & R A (3% . Q-Exactive VUMK AT #
L A R A RS (A H-EST 11 ¥, 38 Thermo
Fisher Scientific 2\ &); Milli-Q 7 4l /K k& k% (3£ H
Millipore /A #]); Oasis PRIME HLB #1:(60 mg/3cc, &
Waters A Fl)o

5FPbRE S UL SERERR . AR . N-Z W3-
B . 3-FHORBERENER . BT (S = 98%, fEIE Dr.
Ehrenstorfer 2 ] ); W B . 2 5 (@ 3% 4, 3%
Sigma-Aldrich 22 #]); 2Kl EZER), TR A
7K A Milli-Q # 4K ,

b BEAROR B 1 A% 5 BR WA R A %
KiAialk, FREERTHBOA B SR R 1 ok A
1.2 XWHE
1.2.1 AHsara

PRI 1.00 g BESLCHEREE] 0.001 g), fIDA 20 mL & 1%
IR BEIK (11, V:VFRBOR, #E51)5, #i% 5 min, #
A RIS min, 4500 r/min B0 5 min, WA FIER, FHdk.

3 mL [5G 1 Oasis PRIME HLB 41, JEH7iE 1k,
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EENEAT, BERWEERR, £ 0.22 pm AHMFLIER
SRS, FRartr.
122 &#BRELM
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Atlantis Silica HILIC Column (100 mmx2.1 mm,
3.0 pm), FEVE 40 °C. WA A: KIBEW(0.1%2K); Hish
HH B: CHEHW(0.1%ZK), W 0.3 mL/min, REEVEN:
0~1.0 min, B FH{£4F 90%; 1.0~10 min, B ] 90%~60%;
10~15 min, B 4 60%~5%; 15.01 min, B #H 5.0%~90%, F-f
5min, #FFERE 10 uL.

Q)T A

R, % 2% B8 5 £ B8 T (electron spray ionization, ESI)
B AT, 4 F: m/z 50~300 Da, 4333 70000, #5F
FIE %5 F e 2700 V, BFEHIAETRE: 300 °C, ¥R
(N?): 35 L/h, HiBIWEN?): 10 L/h, SALZEIRE: 350 °C;
A #3457l (automatic gain control, AGC) H¥r{l: 5x10%
BATHIXMER AT FOE; R H A shi g1, o
HEA: 35000, RiifEAERLVIE: 25~40 eV,

2 HR55%

2.1 REUATIANEE

b EA REKEEZ T M. 2. 2k
S5, R AGK SRS, AT E, SEAON s, HE
PLIK By ok PR BRI, HRLAE MYEL: . BB, B4
BB T R R A EROA R, 5 R E B ARE A i
SEKVERR, ABESE R A - KR R AR, FE % 18N
AGE B H R H AR A Y B4 T2, G e A HL
VA 3R VS A

FEACIRBOAE SR, AT K. K-FEE(L:L, Vi) L
1% ER K -FRBE(L: 1, V)ROSR BGSCR, B ) 25 2 5 o
W ik 5 B EARMEEY), FE LREESRIEX Bk S
Yl sE e, Al AL PR AR R — B 25 SRR
(K1), 5 Bt b B TEK-HEE(L:1, V)BT 1% H BRI
K-FREE(L:L, VIVBSRBUGSCR BB K, 1 NAG. MPP #l
GLY £ 1%HF BRA/K-FFEE:1, V.V RIS BGR WAL T K
SHEE(L:L, ViV BRI, ARSI IR 2 1% IR At 7K -
(1:1, V:VPE IR BGA
22 BUFHERNEE

ZMFESR 2T B 1% B RRK-F (L1, VIVIRBUR,
SEAREOER. HEMEZHIMEY. CiREMSEr
IR 9-25 F BL G BR IR S5 iR A T AR AL S, i
ST, SO 5350, BRAR LRI B
KA (1.0 mL/S me)E bR, RIS REAE T /2 S0 00 2L
SR, AR H B R AR A . BRA T AR X A i v s R
Ry Wrk I E, RBORT 2B A8 | RP KA B LR

R B FAR AL 3R, B IRAE A HLSL I A

100 - K EXK-HE1:L, VV)  Z1%FBEK-FEQ:L, 7
80 ¢ rt

X

2 60 -

k9

= 40 |
20 -

NAG
wEY

GL

I AMPA: Z 5L LIRS GLUF: RLERRE; NAG: N- 2 i Jk-Hi 4k
JB; MPP: 3-HU LS IL N IR; GLY: ®HBE, T,
15 Bl 2 e R R AT B9 IR B (n=6)

Fig.1 Recoveries of 5 kinds of glyphosate drugs under different
extraction conditions (nN=6)

BB EAF R4 S SRR, AR R A, AR
K i I = FAHZEBUME Oasis PRIME HLB, 2R EL
WHEAT BAE, JCHIEAL . WRTE . DRI E R ER, AT A AL
ZBRZE N th R A R I A 0T 45 R, 5 A H ARk
EW%: Oasis PRIME HLB A5 b AL PR, 2] {4 ol
W HE(83.7%~92.2%), I Z K Oasis PRIME HLB #i4b
AR
23 (UESEEHMHKL

W A, R ESIAE, X BB
Jo A g T PG () BRAR VA W T A 0T, 158 B AR
YR B TR, K@ Re R, K53
T TR B ME TR, mEhAE o
A R SUK BRI B ARk & W i H B Ak, (R [M-H] 5
FLERL, FFaE— 2 S KA T2 % R £k & 90 19 5 1
KM 0.05%3F 5%, Z5HFM, 5 FEFRMEEWITE 0.1%%
IKTE W IFRAR T e R (5 0 JE AN TS5 S b o AZE
TR &, AHRELRAETH 0.1%%K-KiF
WAERFSIA A, 0.1%%K-ZIERBAIER RS B, @il
PEAL I S AR BE Ve S5 RS2 B T B AR & W0 A S0

AN, BRI ERCE GR35 R Atlantis Silica
HILIC I Atlantis T3 (%A 47T T Hede, RBFH: R 2R
WA RIS, STRRMEA YA R RE .
AN, E XTSRRI [ RS (100 mm*2.1 mm, 5.0 pm;
100 mmx2.1 mm, 3.0 pum)iF47 T Hds . G55 R, 7RIS
BAEM RIS, B bGP0 B AR B B ] A 1
NS, WIRESEIA T . B IEB/IVRAR G AR,
WIFW T ARHIER, AT RAER Atlantis Silica
HILIC Column (100 mmx2.1 mm, 3.0 um)& i, &5
HE) BT 1 B LS - i L DL 2.
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Fig.2 Extraction ion chromatography of glyphosate,
glufosinate-ammonium and metabolite residues

2.4 fRFREYE

SEMESIT: FEIAL A RS i R 22 (AR T 5%10°°,
[l S PR BRI ] L R 3R A B A A R
TEEIRIRLE, ZRa I, R R PSS AR B

SEREIMT: 25 IR BRI S stk 2 A A R O, T
RHAR I 2 PR T, BC S TOmAR H 2k, LR B i
AR, A LA AR, A DA i o 0 R i
R o FErb, U LR it 1A 8 2 A e ol 2 3 T A

F15E AT o

SERFWIGR 1), BB RS S ARITE 0. 5.
10, 20, 50 ng/mL VR BEVIRE N, 45 A 2B R AP KR,
SR EL P KT 0.999, i 1 i BHELR L FEAS T4 2
Jirf, AR BT 0.05, 0.1 F1 0.2 mg/kg 3 MK HIFR TR TR
TSRS, BN KT-EZME 6 K, TR
ARXTRREN S, e 1A% S FE A 3 N IKE R Y
EISCRTE 83.7%~92.2%2 0], AHXTARAEIRZEIS T 10%., i
3o 8 B R IR R IR ACT AR IS TR, DS MR LU R
18 b5 15 SR L A& W 19 & & B (limit of quantitation,
LOQ)(S/N = 10) 14 i BR (limit of quantitation, LOQ)(S/N=
3.0)(F 1) GHEM, 2Ok RBUE S, BAERME, nTes
AR R R L S B R A i B i A
2.5 SEPREEmAST

KA I i 3 EWISE Y 30 SRR S TG
WAIHT . BERETIR, 3 HEURE S bR 20 5 T Jg, 3R 8 o
0.06~0.11 mg/kg, VLA PAELEBES I IR A 25 1 I
G, W vE AT LR R v B A St
SE, WO BRI

3 Fig5itie

AMWEFEHENT T A BT RS 2 (BT M L R
S L IREIR . N-C ORI - R AN 3-FR LR SE N IR ) 1y T
HOGA Jrik. FRIIZE 1% BRI H FE-ZK (1:1, V:V)H AR
B, FI Oasis PRIME HLB [#4H 25 BUk: i 1 2 Ak 52 1
ZIAA YA AR, IR DU AR R S E B A
BT, SCELT LR ZYak B MR O A . R TR ERAE R A,
WHNELE, ERRAL, 5840 L AR BLE B A5 o g
Bt L A il R LA PR T 2R

R OFMHPEHE ERBERAHYNEMESE. EXRK. BHIR. EER. MAREKRERFEXRERE(N=6)

Table 1 Linearity ranges, determination coefficients, limits of detection, limits of quantificati, recoveries and relative standard
deviations of glyphosate, glufosinate-ammonium and their metabolites in tea (N=6)
SN SRR L N-Z, Pk Jik - 15 4 M 3-HI LR IE T R CaEy
FERT AR AKF-/(mg/kg)
B%/% RSD/% BIBC#/% RSD/%  BIEH/%  RSD/%  BICH/%  RSD/% MR /% RSD/%
0.05 83.7 8.3 84.1 6.1 90.3 6.4 88.8 6.9 90.3 6.9
Zent 0.1 85.1 8.6 84.9 7.8 88.9 8.2 91.1 7.6 91.5 7.3
0.2 84.3 6.7 86.3 9.2 92.2 5.9 91.8 8.8 92.1 6.9
LAk T Y=6.97¢'X-5.36¢®  Y=4.96¢'X-3.33¢’ Y=7.11¢*X-6.97¢* Y=6.64¢*X-5.546¢’ Y=5.34¢e'X-4.21¢*
X RE 0.999 0.999 0.999 0.999 0.999
2w BR/(mg/kg) 0.05 0.05 0.05 0.05 0.05
i H BR/(mg/kg) 0.02 0.02 0.02 0.02 0.02
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