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Determination of glufosinate ammonium residue in tea by nonderivative
liquid chromatography-tandem mass spectrometry
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2. Comprehensive Technical Service Center of Shaoxing Customs, Shaoxing, 312000, China)

ABSTRACT: Objective To establish a method for the determination of glufosinate ammonium residue in tea by
nonderivative liquid chromatography-tandem mass spectrometry. Methods Tea samples were homogenized and
extracted by ultra-pure water and purified by HR-X solid phase extraction column. The contents were directly
detected by nonderivatization liquid chromatography-tandem mass spectrometry, monitored by multi-reaction
monitoring method under the negative ion mode of electrospray ion source, and quantified by isotopic internal
standard method. Results Under optimized conditions, glufosinate-ammonium showed a good linear relationship in
the range of 5-200 pg/L, and the correlation coefficient was 0.9998, and limit of quantification was 0.1 mg/kg. The
average recoveries were 84.2%—104.9% and the relative standard deviations were less than 7.6%. Conclusion The
proposed method is simple, accurate and sensitive, which is suitable for detecting glufosinate-ammonium residue in
green tea, black tea, oolong tea and Pu'er tea.
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BRI R FERRIME R F T 20 tHh2E 80 4R R & A Y
KAVERRFR, B BRI E R A R R RS IR AN W
PR, AL R R (A BB A PG B R E P 75 K 3
K, AR T A R, R R H R S,
R R R BRI R R R R BRI, AR
FAARSR, HROHRERRAE, e Rm, iz s
YEFI AT ATERE AR B A 745 e, oM EAE A ARG AR T
Bzl ERATRCABEERBICAE 23 DEREEERA, FH
W, AREREREZ T 30 ZEMKBIIREMH, SrrEERRa:
FOHORE S, RESTRCT R, R R FH AL, X
— AT 2% RO B AT B R e A O (R 4R A B
B R AR, OGRSl FAR AT 1T, R RI R AR el
I H 23, JLE% R TRl BRI R 52 31 06

W R 0 H AR 43 Tl B A 2 I v R B Tk 1) ok B BR = Dy
0.1.0.3 mg/kg, F&[E GB 2763-2019( & &4 EEhilE &
a2 de KR B PR ) PIRIAE T A e e e 0 % B PR
T 0.5 mg/kg, FELBEINSEH 5 R BEISM, SA R AL
PRI, JR LAY, MR, BN
JCM i, TEH FUBORIAY LU R o AR AR S M R
BFORLIE, BAREEAAES T O IR R,
RS2 A g SR AR B B IR e e, A DU R 2 3k e B
BARMFE S h S SR A, HL A S A 2 4 R R
TRk, CF MR REsR B I 0 Sk E E 2R A
FERT AT A A - AE 35 - R I BT i 2, R B et
BT A IR R U R R, TR
AT 4 B ZEARME GB 23200.108-2018C £ i 424 [E Kb
HE AR TR A v R AR B R A E YRR A - SR
ORI ) VOE TR . s . 250t Sty
V5 P s R ER B DN ik, DL R iR s 2
A L & (9-fluorenylmethyl chloroformate, FMOC-CI)Z fi
AT A, A e Chg WOHAE AR BT, (B2
T e A i ey, o i A A R 2 AR XA
FEL BUS SR, TR, AR AR - o 5T
T I S R O SCRR TR 2, R RO R
MECOT RO KR PR i PR AR A
fief /DA fi PR ARATT AR AT 2 RE R I R E . Rt
AR5 A 37 AR A Al TBORE 00 i - 3 IO BT 335 125 T 5 I o B
B SREE, DU 2t o i M 4 4R 5

2 MRS

2.1 LM
2.1.1  FEEBME
LC30A i 5 JEIR AR (3% {4 -LCMS8060 = 5 DU L FT Jiii

TEAX(H A Shimadzu 22 w]); T18 B w44 B (TR [ IKA 23
ri)); ST16 R ES.LoAIL 24 437 [ FH 22 iU (3 [ Thermo 23 H);
Q-POD Element #4li7/K 2 4t (3£ [# Millipore 23 #]).
2,12 KA 5 #H

BRI (CAS No.77182-82-8, 4l 97.5%, %[ Dr.
Ehrenstorfer GmbH 2\ #l); B2 B -d; £k B8 &k (CAS
No.1323254-05-2, 4liJiF 98.0%, [6){i % 4liJi 98.9%, f4
K Toronto Research Chemicals /A #]); FEE, HER ({4
gfi, 3£ Tedia A F]); SEI6 K A 47K (32 E Millipore
2y Wl ); HR-X [ A % B A (60 mg/3 mL, f#
Macherey-Nagel A #l); Cig BAHZETH: (1000 mg/6 mL,
f#[# Macherey-Nagel /A A]); Atlantis Hilic #:(100 mmx
2.1 mm, 3 pm, E[E Waters /A #)); Shodex Asahipak
NH,P-50 4D #£(150 mmx4.6 mm, 5 pm, HZASKAIE T4
r]); Hypercarb ZfLA7 A5k 1541 (100 mmx2.1 mm, 3 pm,
% [E Thermo fisher A Fl).

AR SR B & IR A RE S .
22 EWHE
2.2.1 ARBIRIR B

FRIRCEL S AR 10 mgCRE i 22 0.01 mg), HTERZEK
BRI 2 100 mL AR T, FBLUKERZZE, i
il L 100 pg/mL A5 A 25 W, FR HC2R 5 W -ds A E
1 mg(F5Hf 2 0.01 mg), FIMLIKIEMIFEREZE 10 mL 55
P, ALK REZZE, FH 100 pg/mL brdifig o
S ANEL 100 pg/mL ) B T R B W -d A v i A VR A
1 mL W, FA@AKMESNERR 10 mL, FCHl AL
10 pg/mL 14 FE 4 Bl R R 24 ol - s B v TR

TVERHE 2 A TARR R 45 & 10 pg/mL Ay
RSV 200, 100, 50, 25, 10, 5 uL, 43300 A 10 pg/mL
PR E-ds VAR 25 pL, A Sl KEAE £ 10 mL, Bt
T B B -dy R 25 pg/L 19 200, 100, 50, 25, 10,
5 ng/L IRV FEEARME TARI W, Ak LC-MS-MS Wl 2 Ji5 il
VEbRAEM 2%
222 RAEHE

BUZEN 200 g FRSVEA R BENLR R R, B2
425 pum MIRRHER G . TRS), &I r sl e AT i A
FEASI I ARIE, BRI TR RAT
223 RERAH

1.0 g Z5MHRES, INA 10 pg/mL B9REERE-d; TR
50 uL, ANA 20 mL 7K¥E90 30 min, &) 15000 r/min 5384
JEHREL 1 min, 9000 r/min f=733 250 5 min, B EERARSL .

HUCHR-X /MEMR U 3 mL B EE 3 mL K FiiG 1k, &
Fo 0.5 mL fRg AL BOm BN FEF B, SRRk, mn
0.5 mL R fbomslsE+ b, WEREBHET 5 mL &0
oo WM VER R T 022 pm JE T uE LS Ot
LC-MS-MS il & .
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(1) o 3 2 #F : Hypercarb £ L {7 £ f {6 3 &
(100 mm=2.1 mm, 3 pm); JalH: HEL0.1%H R, JHE
4 0.2 mL/min, BEBFET A 0~5 min, 10% FF BE—50% FF A%,
5.01~7.00 min, KEE 10%H B, i 35 °C; ke
SuL.

(Q)JF i 4518 HL Wi %% 2 F (electron spray ionization,
ESDI: fEFHEH, BFIEZEOHE: 4.0 kvV; FHEREA
A/AK): 3.0 Limin, MR (25): 10 Limin, TS (A
): 10 L/min, fifES(ES): 270 pka; FEITHREE: 300 °C,
DL REE: 250 °C, MBI 400 °C; Kl a5 b
2,12 kv; #0200 AR 2 (multiple  reaction
monitoring, MRM), HARZEILE 1,

3 #R55%

3.1 FRIERHMALFERE

0.1 pg/mL A B4 J I B e e - AR MR VA TR BT
B AR, S PRI MR PR, RkE
eSS A ahtitl, BEBUR RN IR 3 X FXF, 4

)R B IR B % 180.0—85.2.180.0—95.2.,180.0—136.2,
R E-ds B TR 183.1565.2, 183.1598.2, 183.1—139.2,
S B RE DU A B kB, 2 3k N R i B R T X
180.0-85.2 7E K vk B B = £ ™ & T . & F X
180.0—136.2 FELMEH K, MEFXF 180.0-95.2 T4k
N, BOERSE TR 180.0595.2 ME B R, BELRE-d;
PEPE 183.1598.0 M EE TX . ML MRIES L #
1, AR MRM (A REE LA 1,
3.2 @iEHEEFARSEZENRL

G AR PE G, R FH AR AR fb vk T BN o R
SAAE T 1E A E I EE AR AR S AR, (A B AR
FIE S 2 A0 . BRATSE DR B L Cg GG,
{HE B AR T LR R 55, SEPRAR SR I B R 5 2% i
)AL B ok A S CR R BLUE K AE B9 Hilic
FE e B, (H REE R AR AR T R R S, g R R
Marilda 2P0 HRY Hypercarb A48T T & A B H
B L P R P A R I, AR TP AR Tao 45
KHEH Cp iEAE, P/ T LR TR, %
5 18 IS 1 Y

F1 EEBMESRE-4GHSREENSH

Table 1 Multiple reaction monitoring conditions of glufosinate-ammonium and glufosinate-ammonium-d;

W5 B (miz) FETF (M) EfFEHIE 1/V fll 1% B &=/ V EEHRIE 3/V
‘ 180.0 95.2% 13 16 11
T
180.0 136.2 13 16 14
‘ 183.1 98.0* 13 17 21
A E-d,
183.1 139.2 21 15 26
s ERE T,
2.508
40000l A 2.568 50000 g
a: B TX}1180.0—136.2
- 40000
30000
= b: BF%1180.0—95.2 % 30000 e BTATS3.15139.2
Z 20000 =
= = 20000

10000

1.5 2.0 2.5 3.0 3.5
B 8] /mm

d: BT%$183.1-98.0
10000

1.5 2.0 2.5 3.0 3.5
B[] /mm

Bl 1 25 ng/L A9 ECEE B (A) R TBE -ds (B)PRETS W MRM 15 &

Fig.1

Multiple reaction monitoring chromatograms of 25 pg/L glufosinate-ammonium (A) and glufosinate-ammonium-d; (B) standard solution
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A PR FECEMELE R, AZHRILET
Atlantis Hilic # (100 mmx2.1 mm, 3 pm). Shodex
Asahipak NH,P-50 4D ## (150 mmx4.6 mm, 5 pm).
Hypercarb #1:(100 mmx2.1 mm, 3 um)3 3K @G35+, 58 &
7 Atlantis Hilic #1243 K VR FIALM, 0 55 4 Jjk O BR 45555
W M R B ™ EE, 52 M E B 8 i . Shodex Asahipak
NH,P-50 4D J&— R854, Il sl AH K AR 75 1 FH 28 20K
T pH £ 11.0 ML MEER, BREFEELMERR, B
S BR A R B, 2Rk — BT A [ A I 2% A AT
PERE T R, A S il . Hypercarb MR F £ LA #&

ke g [T AR, LA DR B A 51 A G A ik M B AN T,

AIOR BRIy B AL S W, REOR BR R4 B CE A —
FBE R AR 6 R AL 43 s i W 0T, fR T OO 2 o ER AR Rk
o TR BE A AL R, S B R A, A WEER
FH F -0, 1% FF R A 8 20 AL RS 8 0k B0, 6 g R P 4R 0
HAE S TH Ao, k7o e d s, Mk
Hypercarb #:/E 4 & .

S rp R BLLT A S A 2R 0 B R ALY
S E L, ZREIRIRBIAHR % 0.2 mL/min Jf FEARAR B 1R
T B A HLAH T B A LI 28 S0%J5, 2% 545 i Jp A5 51
AR AT
3.3 [EEZERUNMERIERE

B 7 fie SRR A T 4 R Ak B v Ak Oy =X T R A
AL BSOS a A AR AL E e bR koRE S PR
Crg /ML, IS SR B BH B 7 sc bl v b, efk
RE VR IR R 5, Vb T A AR B e
VRV ] b, AR SRR R A MR Y
HLB /INFEX B4 B AT A AL 7= ik AT db; Skl 1obR
FH 22 BE ke 49 2K A5 093 A X B 4 il 20 A7 I A 2K AL
SCHRUT2OVRE il S5 AR X A B, AR R OG e RR . R
i Ry AR R A B W, AR T A AR B 38 i T AH 2
HOUNFE BB OB B B8 1k /NEE | (E AR AR P 2% o
BURHR R BRI A B4 AR BOR Y H Y. S20 T AR T
5 [E MACHEREY-NAGEL 2 A [ Cg /N RN A W 44 5
B HR-X /PME(60 mg/3 mL, ORI TFRKLIG 20

FET Y IR R ARG, &SR R B B RE Ik B ik
A0SR T R VI R 4 W e oy [l R, (LR R 2 SRR 3
FREYM R, SFRHREES, TR A e,
Mtk $E HR-X /NEE R AL
34 ZMXREEER

el 2.2.1 PR LS RV ISR AT, SR TR
MENMEEELH AR ERE, BMEFREY
Y=0.6872X-0.0329, H1Z % r’=0.9998(5~200 pg/L), HA
PRI ISR . 4028, Bk, EHASLE 0.1 mgkg
A IEATIIARSE S, A 25 0T b R o B N (MR L
KT 10, Wi mER, SRR e ) PR e
0.1 mg/kg, 152 FE N AME IR BB B ik B oK
35 EERSHEEE

BUERRBEMBAMESESS . 2125 . BIpA . HHA 45
# 0.1, 0.2 1 0.5 mg/kg A EATIIFRIZES, HAHREE i 6 4
AT, R N 84.2%~104.9%, AH X AR UE R 25
(relative standard deviation, RSD)A 4.3%~7.6%, i & 45l
MIZik . HAREE W 20 BIMESRES. a5c. Bpat. i
2R 0.1 mg/kg A NbR B8 &= 85 F X% LI 2.
3.6 S5HAMAEERMEER

EL A 10 2 13 i o T e i A P A DU 1% i T T
AT - AR I T L . R MR R, B8 Cop i1 LR
BAM WO o 4 R R AT A A ik OSSR T (H
TR AL A AT AL FRAE AT, S 2 A AT A ATl ik A AR
RGN S v A R A5 e, FEUNER RGMERET
W o A A AT A Ak B I s 1 T2 O i g e
{RR R B e K A BT T B A AR, ATAL B TT b
B, WA X AR E . AR TERSS . A%, Bk
A5 HHEHA A TR BT, SR ARAT A Ab 1 I R A
FRE, AR LR FKARI, $EIORCR F 3G Wkt o i [ AH 2
BUNE &AL, R ARG BT FIAL 2R WA E &, 72 7 min
TESE R M, EARIAL AN E S AR AETE 1.5 h N5E
B, 7k e REBRBEE R E AR A ER, BT T AT iR
EART PR AR AR PO T A . AR AT R
i 55 SCHRAE J7 125 1 B8 L 26 3.

2 EERFIREE EBIE(n=6)

Table 2 Results of recoveries and relative standard deviations (n=6)

Jintr 0.1 mg/kg
FE i BE T Sample matrix

JiAR 0.2 mg/kg JindR 0.5 mg/kg

[ECR /% RSD/% R /% RSD/% [ /% RSD/%
ET 87.3 7.6 99.3 5.0 85.2 5.5
AP 84.2 7.2 104.9 4.8 87.4 5.9
5y 2% 85.8 6.2 90.9 6.1 94.1 43
FLIEPAS 92.7 6.9 102.4 5.6 92.0 5.8
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2532 2501
A B
2500 3500
2000
2500
= 1500 g
= =
E 000 E 1500
500 500
0 0
15 20 25 3.0 3.5 15 20 25 30 35
it ] /mm ] /mm
2513
2.579
35001 € 3500 |
2500 2500
a z
= 1500 = 1500 |
500 500
0 0
1.5 2.0 25 3.0 3.5 1.5 2.0 2.5 3.0 3.5
] /mm Bt ] /mm
WA G255 B: 24055, C: ek, D HiHZ,
B2 IR SR BBAMERE S AR 0.1 mg/kg 1472 BB X &
Fig.2 Chromatograms of quantitative ion pair of glufosinate-ammonium in different tea matrices spiked at 0.1 mg/kg
#x3 SxEsEtt
Table 3 Comparison with literature methods
T b 3 H b= REMEL AU /min ECR/% ER I ERR/(mg/kg) %S
ZEnt SPE(HR-X /M) e 7 84.2~104.9  [FAIfLZE NIRTE 0.1 A3
P SPE(Cis /M) = 10 61.6~81.4 SR 0.1 [5]
ZEnt: SPE(FH 2 T35 4e4T) = 15 78.3~108 AR 0.05 [6]
- W 53 Tic+ .
:“ E) 1 =} _ . \: - . 2 %D
TS SPE(HLB /M) s 10 74~124.4 AR 0.002 (A51) [9]
YR LTS dSPE (ZRERRINKAS) = 10 81~106 SRR 0.01 (&) [11]
MWL S, dSPE (ZRERYKE) b= 10 / LIRNES 0.1 251 [16]
TR L pREL RN w 5 82.9~98.6 VNGNS 0.033 [17]
Bk Jeie b & 5 87.2~110.0 PIRINES 0.05 [18]
I ff AR Joi b e w 5 98~105 HbRE 0.05 [19]
& Hm pRE AuE 7 10 81.4~119.4 SRR 0.01 [20]
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