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Abstract: An analytical method for the determination of glyphosate (PMG) and aminomethyl-
phosphonic acid (AMPA) in peach fruit, leaf and soil was established using high performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS) . The samples were extracted with NaHCO;
water solution and dichloromethane, derived with 9-fluorenylmethyl chloroformate (FMOC-CI) at room
temperature for 3 h, and analyzed in multiple reaction monitoring (MRM) mode. The results indicated
good linearity with correlation coefficients greater than 0.999 in the concentration range of 1 -2 000
ng - L. The average recoveries of PMG and AMPA in each matrixes were found between 76.7% and
93.0% at 0.01 - 1.0 mg - kg', with relative standard deviations (RSD) of 2.2% - 8.7%. The limits of
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quantification (LOQ) were 0.01 mg - kg™'. The method was suitable for rapid determination of PMG and
AMPA residues in fruit and leaf of peach and soil.
Keywords: peach; fruit; leaf; soil; glyphosate; aminonethylphosphonic acid; HPLC-MS/MS

FH I (Glyphosate, PMG) s —FhARIEF K AR R, X 2R AW A8%, T 2T
B Z ey R CH e . BEE ST BRI O R AT, AR ) 2 200G, A
WSS . AU, AEWI R NSRBI RS A e BB (iR lg 55, 2013; AL 4%,
2013) o SR S R B e RBR E BRE (MRL) &Rl T ™A% ks AE,  H Fr A B AEAZ R
s s H B MRL {4 0.1 mg - kg (GB 2763-2014) , Rk W02 HAEME -0 0.1 mg - kg™, 1M
B L RRAE T A, K5I 0.01 mg - ke

FH W) EEAR ) o R SR (Amin omethylphosphonic acid, AMPA) . & H 12 H
FEBER AR NG, BAENYE, S TR, M T A VISR, m HoEE R R
DRI H], FEBRS AR A E R M (Coutinho et al., 2007) o HIA RN TEEE 17
vk (Marques et al., 2007; BSEERE 45, 2013) . BAFE HIKVE (Corbera et al., 2005) . SAHE
WA Gk 5%, 2007) « WO GESLe 4%, 2011)  “UMEIE—BGEE (Yasushi et al.,
2003) , HXLCTVEAA(E RBUEA Y &, faeth e, OS] T B ali B o ) dil . vAH Ei— R G
FE (LC-MS/MS) HAT S m ) RS SENE, & H AR PMG Al AMPA 5k B H i) i £ 2005
o WVEZ T WUARIL)R, /K& (Haoetal.,, 2011) « AFL. JRFAI4F (Jensenetal., 2016) ,
M GUIEA %, 2015 5 1 4F, 2015) , MW (P %%, 2013; Chamkasem & Harmon,
2016; Nortes-Mendez et al., 2016) FZHJE s fiHE (Szternfeld et al., 2016) %1404, HT 1
B CRRrF 2%, 2015) sRRCH BB IWF ST A HRIE . 25K VR il — S K50 (HILIC-MS/MS)
ST PRSI R B R T, e AT AR, SRANE TR ARG (Yoshioka et al., 2009).
/K (Hao et al., 2011) FURF=N (Martins-Junior et al., 2009; yL#E 2%, 2012) " EHIELE S
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FEAAT AT T A AR BE,  FHOCHRE SCHR P 22 5K FH DT B 1SS AR AT 44k, 3900 T RTACBEA IR . A
UGS AR ATA HPLC-MS/MS Tk 3 U b i 45, — 2 52 of BACR R 47

M TS H A DR ot o A Bk B A 77 v, s T R SR SR e S g v R R S L
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&1 TEESRELER

Table 1 Physical and chemical properties of the soil samples

5 Soil KA Sampling site pH BH B8 120 e/ (emol - kg') CEC
1 Loess soil JTFE A Zhengzhou, Henan 5.21 30.42
1 Black soil HEYTK RV Harbin, Heilongjiang 5.81 14.29
21+ Red soil 2 W Kunming, Yunnan 7.38 7.13

IXBALFE . Agilent 1290-6460 5 FORAN (01— = T DY AT sR BT AL (SE[H Agilent A7),
WZ MG CEMEEBBARARD, G EEsON Rl PR R A FD, %3
aiKiiliE Rg N AIRHCA R 27D,

R SH B (98.0%) FIZ HREBERE (99.0%) #rvfEd: (## [ Dr. Ehrenstorfer A#]) o £

. S H %t (HPLC 2%, [ Thermo Fisher A7) ;5 9 - ZjEH I =G H %t (9-fluorenylmethyl
chloroformate, FMOC-CI) (f#[E CNW A #)) ; 4R IREM . 588 (HPLC 2%, 4
CNW A% 5 WREHACH K (BB Bai kP& .

S D BIFRE 10.0 g WP (BE. AL . BERSZ. M) F 250 mL HLIEHEE
S BN 20 mL (). 100 mL CBESESE. iR BREESEEGE, FIIA 50 mL & ke G
WAED, R 1 h, #E 30 min, B4 mL /2%, LL10 000 r - min™ B0 5 min; H{ 1 mL
HE, .

FTAARFR: 3 ) E L3 VRS TR A R AR 1 mL, I 300 pL 30.0 g - L B FR AN 22 v, R
SJGF I 300 uL 1.0 g - L7 (). 10.0 g - L CBESR 52, 1 F) FMOC-C1 A BV, 35 1 min,
U FATAE 3 h, FELL 10000 r - min™ B0 5 min, BUEVSWGT 0.45 um K RUEME, 15 HPLC-MS/MS
LioR[8
1.2 ARHIECH

SR IFREN 10.000 mg FH [ AR R L B IR AR UE B, T KV AR T 28 2848 10 mL, BE# 1 000.0 mg - L
IbRUERE &, T 4 C FARAE, AR I 7K A 8 10 I 75 VAR B8 AT LAV o B SR B R
HOE B RN, HAKRMIFERE 1L, BH 200 g- L BBREAN /KR, FFLL 5.0 mol - L
SEALAN T 2 pH 13, 9 - Z AL =S BE NS 43 I FREX 0.10 g F1 1.0 g FMOC-CL, A
W AR JE E 2548 100 mL, FCil 1.0 F110.0 g - L™ FMOC-C1 P4 il ¥

1.3 BiESRiEEHY

1.3.1 &ig&nt

WA (%4 ZORBAX Eclipse Plus Cig (3.0 mm x 150 mm x 1.8 pm); Ai:: 30 C; VzhAH:
A N5 0.04% IR 10 mmol - L ZREKWW, B AL BEEEBFA: 0~2min, 10% B;
2 ~3min, 10% ~40% B; 3 ~8 min, 40% ~ 60% B; 8.1 min, 60% ~ 10% B; 10 min, 10% B. Jii%:
0.3mL-min"; BEFEE: 5ul.
132 Jigsin

MW 25 2 75 (ESD; R IEs 78 Ry 2 RN (MRMD 3 TS0
350 °C; TS 8 L- min'; FAL/ R Sy 241 kPa; HU/IURE 350 °C, Wik 12 L - min'; B4
FH: 4000V, BE2HFEF: 0~5min, S (To Waste); 5~7 min, HE)JFiE (To Mass);
7~10 min, B (To Waste).
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2 HiR50Hr

2.1 FRIEEHEESHK

O BTt R 2, PR S I R AR VR VR AT AR VAT T BST & YR IE SR A, SRR
ESI () BR &5 7 IMHH] A REE 7, R s i . REJE A I A28 IR S BT AL, 4%
W TIPS E T, BRI RN 2. BT ATAEFR AR S s, A
T UL A FOMA SR G G, AT B R E AT Agilent MassHunter Workstation 3745 9 77
EN, R BIAEAE TR AT I ET 5 min Al )5 3 min BF R .

%2 EHBERERBRITEVRESH
Table 2 MS parameters for derivatizations of PMG and AMPA

AT REBS FET WAV WiV £ B I [ /min
Analyte Precursor ion (m/z) Product ion (m/z) Fragmentor Collision energy Retention time
FH BT A PMG-FMOC 392 178.8 106 28 5.590
88.0" 106 16
A PR AT AMPA-FMOC 334 179.1° 105 10 5.956
155.7 105 4

* SE BT Quantitative ion.

22 BIEFHMRL
S ARAT S A IS o SR 3% 5 B 3R, B AR AR R AT T SFEET 0.1 mg - L B
AV TP IR TR B bR MBS T 2B W 3 ML S (B, T I, 1D @A,

1 ZJ + 7K Acetonitrile + water
x10%

1

. VAN

iy I ZJE+5mmol Lt ZEe%E (& 0.1% HHEg)

g x10* Acetonitrile + 5 mmol - L ammonium acetate (0.1% formic acid )
i

w 1

g I's

s U <

tp S

i

%10 I Z+ 10 mmol - L7 Z,Eg%k (& 0.04% H )

Acetonitrile + 10 mmol - L ammonium acetate (0.04% formic acid)

5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6
it E] /min - Time

1 FERHEATERRITEY (O MEREHBRTEY ) &itE
Fig.1 Chromatograms of PMG-FMOC (1) and AMPA-FMOC (2) with different mobile phases
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SRR O + KIIRBIANGLE (1D FEEER MRz, N, ARH; Mol + &
MR A S CTTAITD ATt o 2R, HbAE QMR N, 2 LR
Wi I B S, TSR R R TR A Y, BEMERE H AR B TR TR, B9 H AR BT AE R s A
TR e FARERE, A7 B4 s ko

A IR AR, 2 + 10 mmol - L™ Z/R%: (2 0.04% IR 1 s,

23 HETRREREERIEL

231 REREAFEHMAL

PAK. Z5H120.0 g - L BIBRER N /KIETE (pH 13) SHFRBGR, $RBUS Ak BT, 18
1.3 0 5 B 4 T T 00T, 45 BRI 20.0 g - L7 BUBRR AN KV (pH 13) gt
[ d v, AHOGPELT

FEIEEERE bSO [RAARR (200 50 AT 100 mL) FRIFREU [0 26 J I PESEAT T 8¢, 4553
(F3) W 3 (. BHEMZ+) LL20mL 20.0 g - L7 (RSN /KA (pH 13D J$H
FURF PSR B, B H A2 38 I 1R P39 IR 87.0% ~ 89.3%, AHXFRUE(MZE N 2.3% ~
8.7%; HSCRIHFLL 100 mL 20.0 g - L™ (BRI AN AKIET (pH 13) W HEEURIIN SR BUR B b, B
H AN S L B R S IRl 85.7% ~ 93.0%, AIXTFRUER 254 0.7% ~ 7.1%.

£3 FRGRBMFIRMBR LB

Table 3 Extraction effects by several volume extraction solvents

R TR/ (mg - kg™ PEURAAT mL [FI%/% Recovery
Matrixes Spiked Extractant volume EH B PMG A LB AMPA
¥ 1 Loess 1.0 20 87.3+8.7 88.7+8.2
50 72.3+£10.0 67.0+9.1
100 75.7+11.9 743 +12.2
21 Black soil 1.0 20 88.0+2.3 87.0+5.0
50 66.7+3.8 65.0+6.7
100 71.3+5.7 703 +8.1
2] 1 Red soil 1.0 20 883+74 89.3+6.8
50 643+7.0 62.7+7.4
100 69.3+10.6 67.0+93
BEALSE Peach fruit 1.0 20 57.0+12.7 53.7+12.0
50 79.3+6.9 83.7+5.9
100 85.7+0.7 90.7 +2.1
Bkt /- Peach leaf 1.0 20 57.7+1.0 583+2.6
50 87.0+6.0 77.3+£4.0
100 93.0+2.2 86.7+3.5
n=3.

232 ATAZMEMmA

A1 mL J5 A BE 43002 0.3 myg - L (R H M58 R0 P 5 I R 4% ST A bR AR A TR 5
AN 30.0 g - L BB HA /K0 300 uL, FREHSE S50 1.0 g - L A110.0 g - L EMOC-C1 A iy i
%300 uL, =W FATA, ITE 20008 1. 20 3 F1 5 h, B4 R ALIA 2.

HE AT AR BA R 4518 (D) 78 B3R mh, U7 KT 3 h 5 RT AR NE T HaE, PMG
FEWIRAR (AT E G N 22 AN K 1T AMPA (EARIKIE G 1.0 g - L AORTAIR A ASCAs i A 54

(2) FEBEIESCRI: 3L, AMPA 78 B R B AT AR ROV 3 h J5 BT 65 i FAO A0 i 7 42,

i PMG {EFKE A 10.0 g - L AT AE IR 008 i A8 A 5 o TR, HAERTAE 3 h et T g
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gE LTk, BeZOR AR 1 mL ARRTAET T INN 300 pL 30.0 g - L B ERANVARAN 300 uL 1.0 g - L™
(138 8810.0 g- L CRSZAIM ) FMOC-Cl BRI AT 3 h 5, 5 H I R 2 S 19 1R
KB B UFAT AR

® O 13 Soil A AHFruit BOMA Leaf

ADO0 1.0 g- L1 FMOC-Cl oA 10.0¢g L FMOCCI
PMG AMPA
60 000 T 80 000 [
5 50000 5 70000 ¢ : o °
8 £ 60000 |
= )
£ 40000 % so000 |
[=%
= 30000 f & 40000 - —~2
§ 20 000 | e ;E;E }g% 30 000 |
20 000 T
10 000 T 10000 -
0 L L L L L ] 0 L L L 1 1 ]
0 1 2 3 4 5 6 0 1 2 3 4 5 6
firtER A/ Derivatization time fr4itE)/h Derivatization time

2 fTERF (FMOC-CD) RIS R fivse it i8] 446 R 0 A

Fig.2 Effects of the amount of derivative reagent and time on the test sensibility

2.4 HMSERE. HMHR. T2 RMERYLITEMN

73 S0 C ) Mt R 2, Y 56 1 5 2 T 5 A VR DA K A 3 7 PR A A B v, 78 DA )
RIS A N, DUE B 2 1 W TR UR AR R R T SR B AT 2R MR [RDA,  FE T Gty S LA
KRB G (£ 4) BW, SHBEAE P IEBRAE 1 ~2000 pg - L' I FERETEENEE R R R
U, MRXRBIIKT 0.999. KEFNRAbRAER WL T FE D 0K y =217 166x + 1 792 (PMG ).
y =193 753x +2 928 (AMPA) , FHIKZREST 70 0.9995 F10.9992. LA 3 f5HfEHELL (S/N=3) 15
D7 (LOD) 7£ 0.55 ~ 0.91 pg - kg ZIAl; 0.01 mg - kg (AR IS IR, LR RSD
L e AR 2R BRI K, e E R (LOQ) .

F4 TRAERPEHBMISPERROLEIE. AXREMMERL

Table 4 Linear equations, correlation coefficients and slope ratios of PMG and AMPA in different matrixes

B E b7 FHR AR FEEH

Matrixes Compound Linear equation r Slope ratio

/K Water PMG y=217 166x+ 1792 0.9995
AMPA y=193753x+2 928 0.9992

# 1 Loess PMG y=184401x - 84 0.9999 0.85
AMPA y=191420x + 64 0.9999 0.99

- Black soil PMG y=177862x+ 719 0.9994 0.82
AMPA y =180 653x + 656 0.9992 0.93

1 1= Red soil PMG y=172659x + 402 0.9996 0.80
AMPA y=175632x + 562 0.9997 0.91

KA Peach fruit PMG y=181837x - 344 0.9999 0.84
AMPA y=157923x + 633 0.9997 0.82

Bk )i Peach leaf PMG =159 799x + 149 0.9999 0.74
AMPA y=150230x + 441 0.9999 0.78
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SIAEFCELH RN 28, F L B IRAT AE e AN [) 2 0 1 55 RN, (Gonzalez et al., 2002), Bl T —
FRHNIR P WS TR FURR AR, R 2 bR A 1) 2 M AR 6 5 S SRR R TR 2R PR bR 2 LRV
BTN, B2 <1 YOI THNHIRN, > 1 WA S am sy, GRE S 45, 2012) . 45
R (K4 R RERIGEHTE 0.74 ~ 0.99 2 (8], SR AL T fl s, Forp DLBk: 7 ()58 i
FOR SO B it o A Y oA B 5 2 TR R 2 A T R O DS e b M A b o
2.5 HEREMBEE

 FHAN & B BRI 2 B SR B IR 1) 25 0 1 2 00, IS I [RDGRES:, 5528 1 5 v P el B ROk 2%
JE (n=6) o BH B IR &35 7 IR 44 0.01. 0.1 A1 1.0 mg - kg, @ nlali

R LRI 5. FOH BRI LRI 10 (R E FLR 76.7% ~ 93.0%, AR ARdEfW %= (RSD) 1L
2.2% ~ 8.7% 1], 5 ik BIVRERA P RIORS 5 B R 1o

x5 TRERTFEHE (PMG) MEPERE (AMPA) HRMEERSZRHREEEIR
Table 5 Average recoveries, limit of detection (LOD) and limit of quantification (LOQ)
of PMG and AMPA in different matrixes

T ey FAINIRE T B IEER /% Recovery Kz H R/ ; SEERRY }
Matrixes Compound 0.01 -1 -1 -1 (ng-kg™) (mg kg™
.01 mg - kg 0.1 mg - kg 1.0 mg - kg LOD LOQ

%+ Loess PMG 82.3+6.7 88.2+ 6.1 87.3+8.7 0.55 0.01
AMPA 77.4+5.1 853+5.9 88.7 £ 8.2 0.60 0.01

2+ Black soil PMG 84.1+5.4 88.7+5.5 88.0+2.3 0.72 0.01
AMPA 80.2+3.9 84.4+4.8 87.0+5.0 0.80 0.01

1.1 Red soil PMG 83.8+4.9 86.2 + 4.8 88.3 + 7.4 0.65 0.01
AMPA 80.7+3.4 83.3+5.0 89.3+6.8 0.74 0.01

Bk 52 Peach fruit PMG 83.2+4.0 87.8+7.0 85.7+7.7 0.83 0.01
AMPA 81.5+4.4 86.9 + 8.6 90.7+ 7.1 0.88 0.01

Bknt [ Peach leaf PMG 83.8+4.9 86.2 +4.8 93.0+22 0.87 0.01
AMPA 76.7+ 6.7 83.3+5.0 86.7+3.5 0.91 0.01

n==6.

26 FHENA

1E T T T T S e kb 33 b AT AR IS 0, A8 B R A2 ] 4740 g - hm™,
42 d (PAEG I, SO AR R R B E >, 0N 9.28 d, 1 HAR I & T AL B IR
B, 75 35 d IR B g 0.72 mg - kg's ARk S SR o g e TR R TR R R ik B
EBIEWI R, LF 42 d 15 B e

w

451k

AT HORIAINEH R HE (Bt By 205D ot BRI TR RN AT A B A
(R TIE, JEXH BRI P WA PEIEAT T HA. BERZE 200 g - L™ HORE
RS (pH 13) P ST BESEIIBRI, L 9 - Ji 1 = S RS AL FATZE 3
L ZUIF 10 mmol « L™ 8% (4 0.04% PR A, iSO € H BT R
PRI TR . O EBRIE I ¥, RO RG, WERI AR BLF, 3 11T H A P B
AR .
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