g gk B4 2025,53(1) : 151-159 Journal of Shanxi Agricultural Sciences

TWE, PR, A, 55 B R A IR A5 5 WA € 335 o 00 S50 35 0 00 5 A ool v e MRl R Y R MR R AR B (00, LD PR AR A
2025,53(1):151-159.

MAO J C,LUO F M,ZHOU Q, et al. Determination of glyphosate and aminomethyl phosphonic acid residues in green coffee by
solid phase extraction—liquid chromatography tandem mass spectrometry[J]. Journal of Shanxi Agricultural Sciences,2025,53(1) :
151-159.

doi:10.3969/j.issn.1002-2481.2025.01.17

E#Eﬁﬂlénn;ﬁiﬁﬁ‘ﬁ$ﬂx}ﬁlal M E
ill}JﬂﬂiFﬁlﬂﬁﬁﬂé'ﬁnﬁEﬁ%H?éEﬁﬁ&%’

%ﬁ%%l FREVE FRIAAERLEERGLGARELEWEF LE £
W T TR W SR A R Ly, 2 e R 6650005 2. Z‘#im‘n&*ﬂ&%ﬂ" L, =/ I 6650005
3. U B A AT R 5 5 A R |, 1 200335)

B E N T AR R I R b R e 24 R A e T W B ST — A BT 2 M e R R 2 L TR Ak R
B AGI J7 92 o AE W ME A R RE T S IR T Gk 7S B, & e AR GHR 43 R VA P 4 43, B3 TROFH PCX LA #E
INEE A AT S S R -9 4 W R A A AT AR AR RORE L VROAE R - ER TSR E S A T A T
R B L R AT A R AR R E o SR R A AE HZE G YRR €0 33 S IR Tk Ak DU A o e v R R R A
F L mR vk B8, 45 SR A, B H B AN & P JE I R AE 2~100 ng/mL 5 RAF LR 56 & L 7E 0.05.0.10,0.20 mg/kg [
JNFR AT 38 SRR 81.8 % ~97.5 % , AR X A5 v 4 22 B9/ T 9.1%, w5 H e A0 & P 2 e e 1) 2 e PR A O
0.04 mg/kge RAM I ESIMFAPAS(19377)BE IR UE , ZH A -0.4, 5 W 5. 25 Lz ik A R 2t
S FR IR B FTORG 25 B 2405 S 40 W B BR324 ol e e R R Y R R R R Y AT

36 S8R < A W 5 AR AR I 5 e 5 2 R R 5 VA € 1 AR R T

BB 4 %S .S571.2;S481+.8 XEEARIRAD A X EHES.1002-2481(2025)01-0151-09

Determination of Glyphosate and Aminomethyl Phosphonic Acid
Residues in Green Coffee by Solid Phase Extraction—Liquid
Chromatography Tandem Mass Spectrometry
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ZHU Yilin', WANG Lifang', CHENG Long”
(1.Pu'er Comprehensive Technical Testing Center, Pu'er 665000, China; 2.Simao Customs Comprehensive Technology

Service Center, Pu'er 665000, China; 3.SCIEX Analytical Instrument Trading Co.,Ltd, Shanghai 200335, China)

Abstract: In order to provide guidance for the use of glyphosate pesticides in coffee cultivation, it is necessary to establish a
detection method for analyzing glyphosate and aminomethyl phosphonic acid residues in green coffee. The green coffee powder
was extracted by ultrasonic with water at room temperature, lipid—soluble components in the extracts were extracted with
dichloromethane, and the supernatant were purified by PCX solid phase extraction. Derivatization reaction was happened
between purified solution and 9-fluorenylmethyl chloroformate. Liquid chromatograhy—tandem mass spectrometry was used for
analyzing derivative products of glyphosate and aminomethyl phosphonic acid at positive ion mode, and quantified by internal
standard. The results of determination of glyphosate and aminomethyl phosphonic acid residues in green coffee by solid phase
extraction—liquid chromatography tandem mass spectrometry showed that a good linear relationship was observed between

glyphosate and aminomethyl phosphonic acid in the range of 2~100 ng/mL, and the average recoveries ranged from 81.8%
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to 97.5% at the spiked levels of 0.05, 0.10 and 0.20 mg/kg with the relative standard deviations of less than 9.1%, and the

limits of quantification(I.LOQ) of glyphosate and aminomethyl phosphonic acid were 0.04 mg/kg. The method was applied to

FAPAS(19377) proficiency testing with satisfactory results which Z score was=0.4. This method had good linear relations,

accuracy and precision met the requirement of quantitative analysis, it was suitable for quantitative analysis of glyphosate and

aminomethyl phosphonic acid residues in green coffee.

Keywords: green coffee; solid phase extraction; glyphosate; aminomethyl phosphonic acid; liquid chromatography tandem

mass spectrometry
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HURE (1 g/6 mL) W H R HEE 4 SEAR R BHE A BRA
F]50.22 pm REEPU(FES) BEEF Sk a3 g8 %8 1 [ K
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*£1 LC-MS/MSHHESH
Tab.1 The analysis parameters of LC-MS/MS

aw PREAWEE] /min - E e T (m/z) ST (m/z) SRR/ eV EERIE/V
Compound Retention time  Quantitative ion  Qualitative ion ~ Collision voltage Declustering voltage
FH B Glyphosate 7.20 391.92>88.0 391.9>179.2 22,22 69
AWM Aminomethyl phosphonic acid 7.90 334.0>>179.0 334.0>>112.0 28,30 60
HHBE-13C2,15N  Glyphosate-13C2,15N 7.20 395.0>91.0 32 70
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A HR A 5l AR A A AR RT3 K R R s v i 22 B8
W2,

H e 2 ) 0, FE R A HY R R R RN R B ()
A 2 N bR 1] R 7 84.2%~106.6 % , F- 17 1l 5 M
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Tab.2 The date of recovery and precision in the reagent blank

wEH B CAE BH I -13C2, 15N
—— : Glyphosate _ Anﬁnonuﬁhylphosphonkiféd (?thoanefl3C2,15i{‘
Solid phase extraction(SPE) L;?)i ffﬁ;(};g?ﬁ ql\://[ﬁ]@qug/% *EE;E(E ;?/Ii *H;%g(ﬁ
Mean recovery  RSD can recovery RSD Mean recovery ~ RSD
SHIMSEN Styra MCX [ #1 4 JUk: 105.0 4.6 98.4 3.7 102.1 8.2
SHIMSEN Styra MCX SPE
Oasis HLB E M3 U Oasis HLB SPE 84.2 6.8 96.6 5.1 82.3 5.8
Cleanert PEP [ #1258k Cleanert PEP SPE 97.2 2.7 106.6 8.5 95.5 2.5
CISEMIZIAE  C18 SPE 86.4 5.7 90.8 7.3 84.7 7.3
Cleanert PCX [ M #EHUHE  Cleanert PCX SPE - 104.8 3.8 98.6 2.8 104.1 2.9
22 RRZEERESE TR B 1 e v
221 frARBERE: P 1A DUA AT AR R as0000f A " HIE Glyphosate
TE 10~20 “CHfi & A7 A= U B i 7 i, 22 HY 566 g e 2 -—
RO BE-13C2, ISN AT P i e F L0 e e e e T
P B LR K AT AR 0~20 °CL B 2 2150000 )
2 U 0 T R LR R R 2T
1302, ISNAPE PR AL R K s AR B | e e e e ..
40 °CJa , 3 i A 7 Wy = Y5 Bl 36 07 A= IR B2 19 v i 50000 -
D218 ARG 5 XS A0 A I BE R A 70 CCH £ A IR R ,
e, A AR W R AR, ORI e B R A2 IR 1Y o100 mﬁﬁmﬁzm7°80%
S B Y o AT A Ak RN Sl T R -9 2 A I Temperature of derivatization
T 55 2 e 9 T A B, B L A A A RT3 S N A B 1 74 R R AT AL R R RO
20 CHATAE IR E I T E A T4 F iz 3, 8 Fig.1 Effect of temperature of derivatization on the
SERF A AL B N AT, L, 7E 10~20 °CRt 25 IR & derivatization reaction
B T v AT A 7 s RGN 5 4 IR B R 40 CRY L T 4500001 m I HERR Aminomethyl phosphonic acid
L2 R T 1 T B 9 T w00 T e e 13RI
e =) & B AG  BE,  f OR AT A2 7 AY) = SS0000 SRR Sy .
JEHEAT , BRI — 2 WL BE | (2 F B 0 ) 3 Gz 3 Eﬁmm»
FE A, n B s E AT, U8 AT A A I R] I R %?”m’
40 °CH AT AR TR JE = £200000¢
2.2.2 FEMFIE WE A LUFR EC  F 000 T ant e, .
O 2 25 PR A0 A A 27K 1 bR B A S [T TP A
P ) A S 4K 2 PP R R R RN BT T B -13C2, SHOT
LSN AT A= 7=y e i AR TG, 40 i Lt B vl g 2 0 1 2 3 45 67 8 9 1011 12 13 14
1T 198 Al S 5 L AT B I B0 S 8 S, 7 e ) o
5] PN 3R fig 38 3 W] 3 2 N ) B A A A E2 474 B T 6T 4 4K R B B
N FRHE A, T AU TR E L R 3 6 E AT Fig.2 Effect of time of derivatization on the
AR LR A T he derivatization reaction
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2.2.3  [EAFEBCNEX % R SHIMSEN
Styra MCX [ A1 2% BU A | Cleanert PCX [ AH %% Bt
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HOAE 5P e Al /N R AR A AT A (181 3.4.5) &

H 1 3 AT T, PCX # Ak o DU 2 33 52 i AR,
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SR e SERN OGN RRE X AR = & R S | A YN
FRBE L I, Cleanert PCX [ AH A BOH: X i i 7k
PR RO At

B3 FEEHEEBRNESELHR
Fig.3 The diagram of purification effect with

different solid phase extraction
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~ 300000f || B '
g
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o £
= =
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& 100000}
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Fig.4 The comparison of peak areas with different

solid phase extraction

H P 4 ] 1, 55 Al R AT A T g e AR LG
SR FH 5 Rl A /bR Ak, B HT B IRR L H R A
HBE-13C2, 15N fi7 A= 7 ¥ 28 4 52 90 AH 7] i) e
g 1T B K BN IR R 48 5 R > PCX>MCX >
HLBAPEP>C18, H & , PCX Ml MCX 1+ 1k i 1%
T ARl 39 9] 0g T FRUE Ak /DN T HLB . PEP
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C18 ¥ Ab 15 I 948 1 iy R A 4l 3 791 06 1y R AR Ak 25 5
MR, 2.1 iE b 1wt R & 1l e % A S5 Fb
fi] R A B A /N A X A Y M R L Rl A R
J#E-13C2, 15N By W B, 22 W1 5 A /N 3 F 43 B 9
PR W BT 2 557, Il AC 6 6 A2 2 o 0 B A K (R R A
il 3 Y 56 HLB .PEP Fil C18 %+ 4k 15 0 ¥ 04 1
TR M e AR, o I G Jit PR Ry 36 43 1 4 2% B Ak A
W, 7200 2 2 72 v Xt 5 R 2 B ) 7 A B o 1 2
O 553 00 I, 2 T A 2550 0 o AR 0 55
12r —=— S LR Aminomethyl phosphonic acid

—¥— HHJE§E-13C2,15N Glyphosate—13C2,15N
—o— HIH i Glyphosate

0.8F \

\

AT
Matrix factor
=}
=N

047
0.21 \
0 L L L L L 1
MCX PCX PEP HLB c18
IR I ST

Type of solid phase extraction

5 AEEEFER/NMEEEE RN
Fig.5 The matrix effete with different solid

phase extraction

S A0 S s, R R L R H R
FOH BE-13C2, 15N £ B Ml 58 5 2 B v 38 5 ] 7 3
AN, B R A 55 0N, T i R B MR IR
3 PCX>MCX>HLBAPEP>C18, H " HLB,
PEP 1 C18 ¥ Ak il 28 ¥ 3 Jot [ IR T 0.2, R I Ny
A iR 10 35 51 5546 5 7E MCX ORI PCX Ak it T
o EH B R OH B -13C2, 1IN RN F A T
0.8~1.0, &% 55 5 57 Hil 55 200 , 22 Y 25 I s 5 o [
T390 0.6(PCX)F10.61(MCX) , PCX /Mt 4k
FE AN B 5 MCX 7N HE Ak 356 57 2400 4 2, (1
PCX /N AL IR 5 MCX IR TR LB W 558 % 18
AR T €, | R BT N A TR 2R Al A A D
T 0 % BT X B A TS G ARG B A 4R B AL
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Fig.6 The total ion chromatogram of

matrix—matched standards

2.3 FHEWIE
2.3.1 kg KRR Ko s R H(HT 168
—2020 BRI WIS A 5 12 b o T AR T ) B
& A TR 1ER AR RS 295 43, SR TR AR 25 0 R T
A2 T % I ARG BT R, R PR S R R
VAN TN Jl PR R PR R I 434034 R 0.05 mg/kg
A it b 3L, B A U 7 R, i 3. 143 b A 2% 3T
BT R AR R R e R %3
R 5 A AH DG R B R A PR s BRI R
MR 3 LUE 2 W R 7E 2~100 ng/L
(9 BN, R G R R A, R OG R B KT 0.995,
T JRE FR A s BR R R BR 43504 0.01.,0.04 mg/kg,
77 W R K (e R Bk B R i 0.1 mg/kg) FIH A
(Fx KB% B BR i 1.0 mg/kg) X i M e 55 H i 5% B4

A SO I R

®3 AEMEXRH. GEEEKHRMNEER

Tab.3 Correlation coefficient,linear range,limits of detection(LOD) and limits of quantification(LOQ) of the method

&Y A R EL ZPEJER/(ng/mL)  KHBR/(mg/kg)  ERMR/(mg/kg)
Compound Correlation coefficient Linear range LOD LOQ
g H B Glyphosate 0.999 6 2~100 0.01 0.04
IR Aminomethyl phosphonic acid 0.9990 2~100 0.01 0.04
2.3.2 JTIERG L K AR g PRI AR W A A 81.8%0~97.5% , A Xt A5 1 i 22 25 /N T

W R AR A, 23 O A A5 H R B S i 0.05,0.10
0.20 mg/kg & b M W, >R FH BT A 19 07 06 0 =
F IR AR E AT A0 BEOF I 5E |, B4 inbs K - 147 6 1k

H1 2% 4 R0, AR Il v 3 A 5 ISP B4 S 2 [l

9.1 % , 0] Wig 3 F0AH S A v i 22 195 A2 vh A2 N R 3L
I A Ml 78 2386 23 1 A 24 5% B A O 1k el G A v
il 5 1 )R S AR TR B P AR 25 5 B A O vk
2 ] B A T B JBE ORS8RI ik E T
A O T e A T R R R B B T

R4 EUMHER 3N RIRAK TR B R NEE E

Tab.4 Recovery and precision of green coffee at three spiked levels

nFRKF-1  Spiked level 1

Jn#R7KF-2  Spiked level 2

Jn#R7KF-3  Spiked level 3

[ors) Ay R PR MR MR R R R
No. Compound (mg/kg) R/ % TH: fhd (mg/kg) e/ % " (mg/kg)  WR/% WY
Addition Mean re- /% Addition  Mean recov- WRSD °*  Addition Mean re- RS 0

S SD

level covery RSD ery level covery
1 Rk 0.05 92.6 7.9 95.1 3.3 0.20 97.5 2.6
Glyphosate
2 54 P R 0.05 81.8 9.1 84.2 6.3 0.20 85.6 7.0

Aminomethyl
phosphonic acid

2.3.3 AN E LT A Ry A R
A RCPE R B R S5 5 i 44 2 2023 4F R
FAPAS 20 23 i) win M v 2 H 1B B 7 504k (19377) ,
T FEAG S 10, TE = R FH A B 5 N 0 Tk

Xt BE 77 56 GERE AT R A% S0 06w A5 R R Bt Z
AT ULE 7. NI T AT LAE A S5 R
FEAE R 496 pg/kg, Z(E R -0.4, M 2 45 5L i, 3R
A A 52 565 28 T A 57 099 7 32 A i e o R IR G
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Fig.7 FAPAS capability verification Z—value distribution

24 ERREFERNE

K A1 55 # 37 /Y O vk I e T o b Rl L
SE 4 25 A4~ Az i R i e R R A TP R R R 1
B i, Hoh s PR R B R L 25 A TR
HOHBER 19 KRR T6%, HE R
0.025~0.098 mg/kg, ¥ A& # iof B 9 (5 K 5% B B
i 0.1 mg/kg) F1 H A (f5 K 3% B Il & 1.0 mg/kg)
XoF 0 v T AR P AR ) A W R . PR
st oz 0 285 SR 3R B R MRl A i vl A R AR b il
FHAE WM ME & A — R B & AR R T
X I P B i A2 4 W BF AR E ol el K e B R

3 %5t

A BIF 5 R FH TR 2 B/ IN AT A0 7 X A ol M A
fn EAT AT AL B, DLRCH BE-13C2, 15N 4 I8 bR 4 Bt
Y, 3 T LC-MS/MS X A= i M o 7 H- g 0 2 Y 3%
B 1% 4% BA St HE AT B4y AT o A O AR AT A B
AT A T R AR A BOINRE BT A ST 43 B O T A
2~100 ng/mL & [l N4 1 5¢ R B AP, A OC RS
KT 0.995,7F 0.05.0.1,0.2 mg/kg MK, 1]
W AE 81.8%~97.5% , AH Xt b #E M 2 3 /N F
9.1 %, F T g A0 21 WKL R R O7 v 0 E B R Y
0.04 mg/kg, 1 & H A< F1RK B X6 i e o os H g e 245
B% BA PR WE PR EOR o ARG T T U7 5 SN/
T 1923—2007 1 SN/T 3983—2014 J5 3% M Lt , 3
AD T A e R = B A B s 1, O i
AT FRAE AT D BE AR g AR 4 L R B A
YA 23R g AP0 A5, 365 FH T A ol e Jl R R
A 2 4% P 1 M0 2 et 0 T, A OB 7 M 2 4 R
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