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W OE.AST R PEHMAL E2RMM AT AR & Z0R A &3 - % B R # (HPLC-MS/
MS) 2% 8 il 55 ik, A5 42 0.6 mol/L 8 R AAAT R AR IX . C, B A0 X IR AZ it J8 4L 9-% A 7
K = H P % (FMOC-Cl) AT 474 , A THi#= 5 mmol/L 49 L8R 4 A iR 3 48, C o R AR & 3540 B 3R Bt
B A 5 BT % R R YA X (MRM) HPLC-MS/MS # il 25 5% & 9A . 354 b fe 50 F 2L Bk B2 12
1.6 ~200 pg/L & B A LM £ & RIF AR (AER S/N =3 i) 5 51 4 0. 80 #= 0. 94 pg/kg,
EFM(AS/N=10 )55 4 2.6 F23.0 pg/kg; RE XA LIEAE S T HA B AR 3 AKF 6T
B RmE A 84% ~104% Z 7] , ABATAF A £ (RSD) A 2.8% ~7.5% . WA A F5 ik 3t 3f o4t
K EIEAE S B AT AT, 28 R A ILPT A A o o M W A 0P R R 6940 3k 485, 5 A 4 38.9% A=
61.1% ,FFrah i LIE R GAT AR A Fis

KRR AR BTAT A ; B 2URAR €3 - B BN L R R 2UF AR B ER (AMPA)
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Determination of glyphosate and its main metabolites
aminomethylphosphonic acid in soil sample by high
performance liquid chromatography-tandem mass
spectrometry with pre-column derivatization

Liu Laping®, Wu Yu, Wang Yutang, Zhang Xiaorong, Liu Zhaoxia, Li Aihua
(Testing Center, Northwest A&F University/ Food Quality Supervision and Testing Center of
Ministry of Agriculture ( Yangling) , Yangling 712100, Shaanxi Province, China)

Abstract: A method of HPLC-MS/MS was established for the determination of glyphosate and
aminomethylphosphonic acid ( AMPA ) in soil. The sample was extracted by KOH (0.6 mol/L) ,
purified by C,-SPE, and then pre-column derivatization by FMOC-Cl. The chromatographic
separation was performed on C,, column with gradient elution using acetonitrile and ammonium acetate
(5 mmol/L) as mobile phases. Mass spectrometric acquisitions were carried out by means of multiple
reaction monitoring (MRM) in the electrospray negative ionization mode. The results showed that the
calibration curve of glyphosate and AMPA was linear within the range of 1. 6 —200 pwg/L. The limits
of detection (LOD, S/N =3) were 0.80 p and 0.94 pg/kg respectively, and the limits of
quantification (LOQ, S/N =10) were 2.6 and 3.0 wg/kg respectively. The recoveries in different
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samples at three spiked concentration levels ranged from 84% to 104 % with the relative standard

deviations from 2. 8% to 7.5% .

The current method has been applied in the analysis of some soil

samples. The results showed that the detection rate of glyphosate and AMPA were 38. 9% and 61. 1% ,

respectively.

Keywords: pre-column derivatization;

high performance liquid chromatography-tandem mass

spectrometry ; soil; glyphosate; metabolites ; aminomethylphosphonic acid ( AMPA)
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A D) 75 B S Al B ZR 6, () 0T 8 i 2% {1 1 22
SKRECABFZ, RIRERI 20 T % 7 N, AR5 P Fh
H bR B8 A A R T ik k™ fg
R MEAT I E A oA s, (ELBR TR
KR KT R L B Az B BRI, T+
b ECH SR B B I E |, EORHIRGE M T A AR
PR LA A k7 A g s e
LY R ROOR (o 15 R R i ( HPLC-
MS/MS) ELAT B i e 6 0E F R B, R HZ T v
TS A 7= AT B B R AR R O A i

1L 2R LR FHAZ 7 9000 7 A 3 v 2 H gl e A )
BREA MR , A 5% 308 oo o i B 7 | [ R A
52 S R s SRR, R AR AT AT A vk
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Scheme 1 Molecular structures of glyphosate (A)
and AMPA (B)
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1 MREFE

1.1 E5iRF

R RCBAH E 35 ( H A B S | 5 API4000 Q-
TRAP %1% (3£ [E AB SCIEX /A1) ; V8 iR s
P (EEZWENT)) ; SHA-C fHIRTRZ 2% (3 M [E 4
IUHSA BRAF]) ; Allegra 64R =3 8 7R B O AL ( 3L [H
BECKMAN /A @] ) ; Milli-Q # 4l /k & 4t ( 3£
Millipore A F] ) .

FH % ( glyphosate ) 124 H L B iR ( AMPA ) #5
ESh (21 99.9% , 5 [H Sigma-aldrich 23 7)) ; Cyy
MAX il CAX [ A8 # B At (500 mg/6 mL) ( 3 [H
Waters 2y H] Oasis £ %) ; 9-%y H: B 2L = &0 ¢
(FMOC-CI, Aladdin 23 F] ) 5 050 FH7K ¥ Rl 4K &
B il 2% s AR i B 4 A4t
1.2 TEHEREHE

B 3R SR A BVE IR A B AN B A
+ B RES L R0 ~20 om HFE L3, KT
Je i 0 93 LAE 0. 850 mm , HEEAHLE R WL 1,
1.3 HRERRE S

PR 28 VL« 43 o) o B gt o 2 Y i e e e
HESA 50 mgF 50 mL R PUG G B, nid &
JKAN0. 1 mL SRR K E 2, 739453 1.0 g/L 1
FRERE R, T 5 CLLFR-AT,
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Table 1 Physical and chemical properties of the tested soils
+ 4 Soil KFEHL S Sampling site pH AN O.M. /(g/kg)  FHE 384 CEC/ (cmol/kg)
## 1 Yellow cinnamon soil [B¢P4 47 & Shiquan, Shaanxi 6. 80 12.52 16. 20
%+ Lou soil BeFiA%Y% Yangling, Shaanxi 7.99 11.50 7.53
# 4+ Loess soil B FY Zizhou, Shaanxi 7.97 7.38 20.01

TRAPRE AR < 43 590 B Jle A 2 PP B gl i
FRUERE A4S 1 mL %2 100 mL 58 U5 24 25
W, K R B T B A 20 B, AR R VR Y R
10 pg/mL MTRAFRE TAEIR

PRifE 2250 TAE R BULL IR A4l TAE R
T, FHZKGB AR B A5 T Ml A 2 Y L R I
JEHI N 1.6 .8.0.40 100 #1200 pg/L bgifE R3] T
YEW, It TR
1.4 TIEHRTAIE
1.4.1 #&E FRECEIERG 5.0 ¢ T 50 mL %8}
BT INA 20 mL 0. 6 mol/L HY S AALBIIAW
iR IR A A HEE 30 min, FEYR % 4R 30 min, T
5000 r/min & 0> 5 min, #% 1 L1 W, H 0.6 ~
6 mol/L HYEREREY 0.4 ~4 mol/L B = E AL NI
TR pH HZE P, K EAZE 25 mL, &,

1.4.2 %1 ¥ C/MEMKKIH 3 mL 2.3 mL
KR 1 mL A b SRR TG A AP, 75 25 bt T, 1
VT ) A W 2 R T, A 1.5 mL A i 1 B
W WERA UM e,

1.4.3 A7HE A IR IE RS TAER SR
WA 4 1 mL, ITA 200 pL 5% R £5 2% o
W IRAT FAY A 200 WL 1.0 g/L i FMOC-C1
VIR 15D s =l B T i AR AL R N 4 h N
Wit 0.45 wm UEME, FF HPLC-MS/MS %€ .

1.5 (Sl E

1.5.1 &A@ %%  Shim-pack XR-ODS
TEFE(75 mm x3.0 mm,2.2 pm) ;AR 35 C;7sh
AR5 mmol/L W) ZTRE W, B #lh O NG;
B EEVERARF .0 ~9 min, B AH AR50 5% F+ &
100% , 1545 2 min, 11 ~ 12 min [7] Z %) 4 b5 945
£ 5 min; K 0. 3 mL/min; #EFE R 10 wL,

1.5.2 &% WmmEEFR(ESD , 82
SN W ( MRM) B2 5 FLIE 55 L R (IS ) 24 500 V5
KA AR (CUR) JE 77: 138 kPa (20 Psi); & 1k A
(GS1) JE17:345 kPa(50 Psi) ; #iBI< (GS2) JE 7.
345 kPa (50 Psi) ; & T (TEM) :500 €,
HBEREE 7 m/z 389.9, T T m/z 167.9/

149. 9 H:H41 389.9 >167.9 & B 7xf; ZHEHIE
(DP): -60V/-60V; flf i fit & ( CE):
-17 V/ =33 V 2 H R BER +1 2+ m/z 331.9,
FE TN m/z109.9/135.9, H:4 331.9 >109.9 K
ERE T LFEHEE(DP) . —60 V/ - 60 V; filf fi
fief (CE): — 10 V/ =20 V., filfif# % A I H R
(EP): —10 V;filfifE= H ITHEE(CXP): -15 V,

2 HEREHH

2.1 RiEEHMRKL

RN ESHRE T, 10 we/mL TR & br i
VS TR AT A 53 ) A IE B 7 RN 67 S TR kAT 4
A4, SPREW . LS Y AT E Y TR T
R ELA B ) i 7 A 3K 55 A A TR R A L A
P CRIBIIR 22 sl 5 ) B AR 0785+ 5 TIE A
BUIA) A E— 0 H (M - H] - BB il 75
T, JFRT R SS H | S L Rl pE i S
BT, w2 WA B s R T
P/ N PIXS B T 47 MRM Waill | Horp DL 32 1
BB TE R E RS T, AW OEEE, &5
BIE TS AT T A S (L 1.5.2 19)
2.2 @IEEHHRL

ARSI E SN/T 1923—20072" dfil &
K FHIE B TR 200 pg/L AR A bR e TAE WA
AEWHEATINGE . S5 RRI FERR TR AR AT
il bR (i 53 B BCR RAE IR 4 5 5 el AN
i ) 7 s AR DA I 2 AR i s AR (1.5, 2
W) M, & I H A8 73 B RO W) W s | 188
X T L B A X s R g AR e R {E
WA 5 F5e 20 37 AR TR I B A AR 2R B A7 5 7 el A
K1 A), 2151 WABRE B AR, 3 —
EZE N + LRE (20,105 mmol/L) , ZHE +
K CHE +0.03% Z/KFHEE +5 mmol/L LR 6
Flm s AR & 0 s 4T . 4521 (K 1B il 1C) &
. ZHE + KN +0.03% 7K PRk & {0355
BRFRER 2 RN BRI O + SRR R HA 154
FA) T 23 B SR, LB £ TR B Tk B 388 o, S8 o) 1z
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{EREAR, ot DL 5 mmol/L 2, 1R B 44 2 i 7 {8 - B
K HEE +5 mmol/L £ R &R 2 W) A f K4
T B E, HPIA Y B AL A N E R O+

5 mmol/LLMRE A R 4T . 455 75 18 H AR (s
TR B RE LUK AT ] AT A A e
N +5 mmol/L HY ZFREANR FAE RS

1.8e7 - 1 1.8e7 2 1.8e7

J FERRYEBIAH - $1 B TR EF’@TZ@i@f J

: . methanol+

1.6e7 molacid Izn()blle phase-[M-1] 1.6¢7 —jammonium acetate 1.6e7 - 2

] 2 ]
1.4e7 _| i | 5 mmol/L ZE#+Z I

147 1.4e7 5 mmol/L. ammonium

k R E acetate+acetonitrile

1.2e7 4 12e71 1 0.03%% K+ i 1.2e7 L
o !

g | 1 003 f) al.l:lT:()mﬁ 1 10 mmol/L Z%%+2Z. 1
= acetonitriie 10 mmol/L. ammonium
‘\3‘ 1.0e7 + BB -TE B TR 1.0e7 7 2 1.0e7 acetate+acetonitrile
z 1 no acid mobile phase-[M+1]* L 8 2
5 8.0e6 2 8.0e61 ! 8.0e6
= i | K+l i

water-+acetonitrile UL
6.0e6 6.0e6 6.0e6

i . N E 7 1 20 mmol/L ZE#k+Z. I

4.0e6 — FRYE LB AR LE 7 TG 4.0¢6 | 2 4.0e6 - 20 mmol/L. ammonium
acid mobile phase-[M+1]* . i ’ 2 acetate+acetonitrile

] 1 | ]

2.0e6 2.0e6 LI+ LR 2.0e6
k ’ acetonitrile +
b 1 ammonium acetate
0.0 H 0.0 0.0
T T T T T T 1 D e [ ] LI T (R L LI PR
0o 2 4 6 8§ 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
R/min R/min R/min
A B C

1. HH B(glyphosate): 2. 2 FHEEBRRR( AMPA),

E1
Fig. 1

2.3 HESETAEEGRESHRK

2.3.1 RBEMBEEF BFEPOAVTAE
PER ) I3 B 53 Y5 LA 50 e P W, A S
RS 58 FEERE TF46 EANETKREE
ARl - A BT TR BRE ) R 4R A g
B B TR R R ME S R R A AR K
PR A WA S R, R e A H
KT B R R T AR AN [ T TR AR A ik
Ab R BAR B S BERR A5 A, oA - e i R
N7 5 - S SRR SR, g b s SR B B T
AT AR AHI ST A Sk B 5 1 R A 3 FlOR
[ 270 11 - EAE SR 25 ERE b b S n b 7
(5.0 g BESHIMA L mL 1. 0 pg/mL (FRAETR A
T IR B E R 24 h) AT EE 43 0. 6 mol/L
RS AL 0.5 mol/L AY R AR 41 (pH 8.5) .
0.5 mol/LAYERIR E 4M (pH 13) 7K 0. 5% FIBERR 7K
VWSS 5 FARIZ IR 1. 4.1 5 D BRI, 4R BUR R
1805 Ak b P B HEEA T AT AR B A A 1 BRI 17 [
WOR R BLPE, S5 (3% 2) FWL WA R L

FREBERFEFHLETE
Total ion chromatograms of glyphosate and AMPA with different mobile phases

0.6 mol/L & S Ak B Ay 4 ) Ao 41 BORACSR et
FISCR K 96% ~99% ,RSD N 7.6% ~9.4% ; H:Ik
7 pH 8.5.0.5 mol/L fY Bk iz & & A1 pH 13,
0.5 mol/L BYHRFR E 4N ( FH 4 mol/L A A L aN I
W pH{H) , MR K 65% ~83% ,RSD H 3.1% ~
9. 0% ;7KH1 0. 5% WFR K W W6 FPHR B 2% [Nl %
FIE B 2%

AR PR H AR AL A, (B HE
FAGOUT B F IR R | SO Bl Vs T i, LA
B3R IR B 40,0, 5 mol/L AR R S 4 I
T AT 1) T3 A R d e ) R e 1,
Ul B BT Tl S AR 4 5 9 Akl A P A — 3K
T,

LEA T IR MR DL R R s T, AR e K
BEFELL 0. 6 mol/L [ & S LB MR IGH] .

2.3.2 #FAor kM ROH B R SRR
FWERSE (DL R AL ) Wt Ik A RN 2 i P S 1], AR
it FEAS ) L A 8 M i Ak 3R e A T 2 R 9]
B A BB T AS kY AN, R Cy
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[ R A SRR X A3 P 5 ) AS D B AR Pl T A 5 A i
(L Ab 2 AR 2 LA AR 1. 4.1
AT A ORI AR 5 s R VA TR (ol 4 O

HR AR E AR TR A 0. 040 pg/mL) |, 2R
FUAF 4 Fhoy e AT a3 | 22207 vk FE

R2 AREBUAFTEFHEYRR BN RERE(n=3)

Table 2 The fortified recoveries and relative standard deviations (n =3) of different extraction solvents

R B glyphosate S5 LR AMPA
Extraction solvent P RSD/ % Fr e RSD/ %
Average recovery/ % Average recovery/ %

0. 6 mol/L KOH 96 9.4 99 7.6

0.5 mol/L NaHCO, (pH 8.5) 71 6.4 74 3.1

0.5 mol/L NaHCO, 83 9.0 65 6.2

( + 4 mol/L NaoH, pH 13)
H,O0 14 61.4 21 79.2
0.5% H,PO, 26 30.5 27 33.8

MAX-SPE #+£%) . MAX /MER K 3 mL
fit 2 mL 7K H12 mL 2% ZKIEG A6 A 1. 0 mL
FEPGRJE ] 2 mL 2% &K RYE ; TR 2 mL H
PSRN 2 mL 2% Y ER 1R - FH e Mo 5 Wie 42 R B M, A
T 1 mL KR, A,

CAX-SPE ¥4k . CAX /MEZ 10 mL K iF
6, A 1.0 mL 328G, 1 0. 7 mL PR (160 mL
K +2.7 mL 2 +40 mL H ) ke WOk, 15
11 mL VB ([RIET) YeMiIF IS AR Ve, T 45 €
ThEkEzE & 2T A 1 mL 5% IR EE 28 mh i 1A
fif ki R

C,s-SPE #tfb. #4¢ 1. 4.2 5 ilbAT, #F 52 BUK
A A AL B W R O AT R — A
YA 7S FIRE L BRI LA 5 1 A 3 T o) i
AR

ANTRI b A i i — 25 SR AT AT A 0 e 3 K
N/ %o = ( F AR W DA T AR — % 391 s o 0 T L) /
FIPRHEVE I x 100 TH53 45 7 1% BE RN, LA JE ot
FRUEAN bR 25 1 5845 hb BE iR, 25 SRR R A

C,;-SPE ¥tk A St $2 OB 504 T A 3 35 HLAT 45
Ui 25 L WD E AR ) SR AN AE - 0.4% ~
3. 0% ], [ 7E 100% ~103% 22 [f] ; MAX-SPE
DL S CAX-SPE W i Ak 7 RSOR B 25, JE &k g
1 -78.0% ~ —27.0% ZIa], FICRAE 26% ~52%
ZIRI($3) , X UELITEREEEPEAR 38 1Y B3 MRM
FAECT 3R S A BRI T ST AR SN
Ak A B B T B C R I U R AT R A T
3K . MAX-SPE #l CAX-SPE Wik 77 =t (55 738
WAL ) SR e 22, AT RE B T H AR 3817 78
2P BRI AR VAR TRt R IO B
PRI O 5 X LA A ) M R IR R A 1K
(A, 4V o R s AR R S S 278 ¥l R
SIABRMEY) Bt 22, DT AT B8 52 W 117 A= S g 2% A4 1
RIS IR B, P, EE S bR R i mT
PR LR AR 5 A A B R, AR 00 e 2
Cy-SPE bk HEA T FE S A B 75 390 b o 1 VA M b
B,

x3 AEEHTTEEFELR N E YR

Table 3 The matrix effects and recoveries of different purification methods

HH B glyphosate

2 TP AL BER AMPA

RS ; ;
Purification method e AN [ i LR EE:
Matrix effects/ % Recovery/ % Matrix effects/ % Recovery/ %
MAX-SPE -78.0 26 -57.4 38
CAX-SPE -46.3 42 -27.0 52
C,3-SPE -1.6 102 3.0 103
AL AL BE Not purification treatment -0.4 100 3.0 100
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2.4 FEFWIE

2.4.1 LMEESERETER B3 HER
WERY) TAEW, 4% 1. 4. 3 T A AL b BT 471X
BRI | 284 7 B An o il £ A A5 FRE S R s
8.0 wg/kg IIRHFE S L A5 S/N=3 TR kK
R S/N=10 iHE e R, 450380 5
L L REIRTE 1.6 ~200 we/L U N X R R
I EH R TR v =6.86 x 10°x +2.08 x 10*
(r=0.999 8); i Hi B A & FE 4391 4 0.80 FI
2.6 pne/kg; AT RIBFRETE T FEN y =7.35 x 10°x

+1.1 x10% (r=0.999 9) , £t FR A1 5 FR 53 51
0.94 F13.0 weg/kg, M HIRYILMERCR BRI, J7
RS

2.4.2 FHEWREMEEE EHEAR LG
() 3 A28 FURE G SR FR AR AR 25 1 -4 T AN IRD KSR
INEGRES , B KF 3 KE R, S5 R R B
SEI IR Ny 84% ~ 104% , X A R 2% (RSD)
H4.8% ~T.5% ;2 H IEBERR T2 IR R 89% ~
104% , RSD 42.8% ~6.5% (3 4), J7iEm e
VI KON 5 3 3575 JE AR 2 5% BR A AT LR T

R4 FREAMAFE YRR BASIRERE (n=3)

Table 4 Recoveries and RSDs of 2 target compounds spiked in three levels (n=3)

HH B glyphosate 24 P LR AMPA
R 3 7 3 o
Sample &ﬁﬂiiv IR RSD / % mﬁﬂiiv PR RSD / %
(ne/ke) Recovery/ % (pe/ke) Recovery/ %
#H# 1 Yellow cinnamon soil 3.0 88 6.7 3.0 90 5.2
8.0 93 5.3 8.0 95 4.1
40 96 5.0 40 99 2.8
%+ Lou soil 3.0 84 7.5 3.0 89 6.5
8.0 88 6.2 8.0 93 5.0
40 92 5.4 40 96 4.0
4 1 Loess soil 3.0 91 5.7 3.0 92 5.0
8.0 95 5.3 8.0 98 4.6
40 104 4.8 40 104 3.0

2.5 ELBRERINE

BEHLAAS Hh o A i 2 35 HROKR U8 T A ] IX 3k
18 A>T sgpt i, B A D7 e AT I, 45 R R D,
JIFrAGE b v gk e R I T P A A A Dy Al
o FH RS A e & RN 42,75 peskg, Bl R

38.9% ;% W B BE IR f s B it 85. 83 pe/kg, K i
61 1% ;2 P LR K 2R I 35 L LA g
PRECH R (6 5) o X UL, 78 H ar s H R Al
FHRIG BT, 3 b B sk B R R o i, Hoak
MK B e (EAR U — P HoE

R5 IRIEHERUESR

Table 5 The determination results of real soil sample

4B N BT G H PR ETRe B S AL
glyphosate/ ( ng/kg) AMPA/ (ng/kg) No. glyphosate/ ( ug/kg) AMPA/ (pg/kg)
1 0. 80 21. 67 10 ND ND
2 ND ND 11 ND ND
3 6.57 21. 67 12 1.49 22.50
4 ND 2.24 13 1.63 5.57
5 2.61 34.75 14 ND ND
6 42.75 85.83 15 ND ND
7 ND ND 16 0.82 2.50
8 ND 2.95 17 ND 1.38
9 ND ND 18 ND 0.98
ND: £/RAA ] not detected
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3 #Fig5itie

KH10. 6 mol/L i & A AL B I W R IURN C g [#]
FHZEBURE e 41k FMOC-CI FE R AT A= 19 )7 B kAT
FE b AL 3 3 2o v RO R - FR IR B R R T
SNE  SEI T SR i R R R AR
FEBE R 1 [l s P e BT, 5 SCER O R TT Heg,
ATy A A B AR A B AR TN, i R
TR FORS 25 BE g o FHA 7 i 03 o - e it it
AT, T 390 P A - A8 e e It R P R R R A 1
ESOL=N

FH TR A A A= e b T R ) BRI B
P H WA i DRV ) 3G e | it FH B A ik
R A 3 Kk B P L A2 G . B H AR VE &
i%ﬂﬁ*ﬁ%&W%%FWIEﬁﬂm%%
fig S KR A 25 5% BE 1 251 (JMPR ) 4k 24 5% B3
B P 2 L , I s £ i i éAKumcnmsik
AR A 7 i AR 25 % B B bR o O e SCREH ik
BA A3 T I R AR A R SRR, R
GB 2763—2014 £ it 24 e KBk B s bl rh ook
YN T ZER B E X IR dE 16 5B PR H B
B B PR AR Y 73R [ GB5749—2006 A= I 1k H
K DA ARAE Pt R R R T H B B R Y
UEAFk , Bt — o 8w IR A ML g e
AT ) AR I ) ——N- £ R R A
N-C R R SR B 3 11,2013 4, CAC FrifE BT
BT T 8l AH) 7= i LA B G £ JRURS: TP v Rl ok
B P E AR A v T B IS DA R A%
BRI [R5 | 3 260 19 % B8 40 S0 AR Bk 45 1
BRI AT . AT IS 23R B B R8T AH 2 4
H TR ARG 5 b, XoF g e R R A A R 3
BT 5% BR AGr D 1k B & 1 43 AR AT RS, W PEAG 4y
BT 49 AR5 B IR 114 5% B 40 A BOER B i ™ i —
TG G USRI, Ay 4 R B Jo a2 P B A O 7=
sty PR T TR R 4 B AR RS AR s H A ¢
B R A A R H B AR N-2 B R
Il N-Z, 15 FP IR B ARG O i i A itk — b
IR E
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