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i AR 5 5K B HARGEH P AMPA
SR Z RN

FSEF '~ TLI0ER 1~ R PR

M

WY TTE A s R R 020260 2 Y AME - EEE 2 H SR AMPA
AAr 2 o R EFE 200 1-19¢

BRERN Ry B B R LR — » HRTIREI SR8 30 < FREHIREEE 156 1 » Hrp
s Tole 2 T [ gt e (o8] P9 B B 1 ol o B B i =44 (R Hom /K s 1 &g
Mr EROEERE - R AHESE 5 AR A 07 4 AR T R R~ 5 2R G R FE NI Y)
AMPA (aminomethylphosphonic acid, LA f&fE s AMPA) RREERR /3 71k » A
TR E 2 RS B RN FE R AR HE &, » LA fluorenylmethyloxycarbonyl chloride (FMOC-
Cl) FRTHERRE Es R N HETT AT - FDAEAE A A T LR - AR DU = SO AH g
Mrep B E R (UPLC-MS/MS) #1% FMOC-ATAP T H#IA - LIRS DIREE
S A E 5 AR MEEIEI T]5E 0.005~0.5 mg/kg » 2 HAHL 0.99 DL E » HHEFR N 0.2
mg/kg PEFE Z FIER A A By 93.4-96.8% » 3R 0.05 mg/kg L 2 [AIRERAHA 92.0-
103.6% » EHET AT 5 KAEEEAREAYER 0.2 mg/kg » SKREAHEATAENR 22/t
4.13-9.30% » EBMEIREy 0.001 mg/kg o AMFFEEIDIATAEALEITRIE - B HE %
RBURE S 53258 1 4 B 0 e SSORORH Jg AT BRI B B R (R R R T 573 R 28 - AMPA Bl [R5 3
Mo L BV E BB D R B B 2 T
BRS¢ R BRER] - FEREZE - ERRIECHY) AMPA ~ RS - TRk

BAZHHEA 1 2026 52 1 H 24 H

*

1

SEENIEZ © E-mail: pyjiang@acri.gov.tw
BT AR RS s
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Hi S

IR B B BRI T ok - R EEIRTE
R BAER B EPI S EE ) R b B
M SRR E L R B
HAMERNE > AR RaE R
H o KT EBEH N HAE R Rt ~ XH
BEREFERE - BB AR ~ BRI
BRI 3 A () R R 1 JEL e e fe T 5 {ELA]
BRIREER B A EW - MBI > A
TR R o B R B R B i
W - B P E RIS Y - MR
7 B SR Y AR R BRI S
FREZ Hor Az - (ARt R SE R
B AR TG AR Y B, @) [R] PE BRI
A FH ol Ry B4 T Rl P B B 55 T v JEE AR
L HATRE GRS L L R E AR
A 156 1 - @BIEREFERNRNERAE - &
FRRER ~ Gl ~ 2R - EIEE - B

®— ERSYEBBHE 1

N FE T frfE @ B4 IR 20 825 Fy
SRR ZE ~ [EIRERL ~ T AR o
FREHIEFRE (glufosinate-ammonium)
HALEZ 4B ammonium (2RS)-2-amino-4-
(methylphosphinato) butyric acid » FyJEEEE
PEEAR MR R R O - JA H IR 5o
ARt - IR RN Ry 6-11 K 09
AEHBRERAE - BGEIE kEIEKZ
ik o FREEIZWEZE (glyphosate) HALER
% B N-(phosphonomethyl) glycine * fyJEEE
FEE AR R EBR B - H By s B I
BRI S  AEFFENE - A AN R
MK - VTR Ao g - A
F] 0.7-78.9 K » SEER 16.1 K (19
HEE AL - BEAAEEEEERES
T H By X% (phosphinic acid) %HZEH|
)+ FEGHARE ~ B SRR R OKH
ZHERRARR - A 2 FEEERIAY LB AR
—HER T A - FEBIELE LIRS

Table 1. Physical and chemical properties of glufosinate-ammonium (¢ '3

Chemical name
CAS No.

CIPAC No.
Chemical structure

Molecular formula
Molecular weight

Melting point

Appearance

Solubility in water

Solubility in various solvents

Stability

ammonium (2RS)-2-amino-4-(methylphosphinato) butyric acid
77182-82-2

437
O O
P
HLC™ |W ~OH
e
NH4 MH2
CsHisN204P
198.16
216.5°C
White crystalline powder
500,000 mg/L (20°C)

Methanol (5,730,000), Acetone (250), Ethyl acetate (250), p-Xylene
(250) (in mg/L, 20°C)
Stable at pH 5 to pH 9 at 25°C




AR O (AE—) » RZaR# R
aminomethylphosphonic acid (LT & k&
AMPA » YR EWIXR =) » LB MHE
St ELEE R FEAHTL - AMPA T8GR

R mBEYBEMNE O

TR R ER AT T 3

= 6.4-378.4 K (16 SEHE 114 K » B
BUSFRF AN - R F 55k 28 4% » A
REAE 13 PRI 2] AMPA -

Table 2. Physical and chemical properties of glyphosate (- !3)

Chemical name

N-(phosphonomethyl) glycine

CAS No. 1071-83-6

CIPAC No. 284

Chemical structure Lil) ’ ‘ﬂ
I N C

HO™ | ™" ™" ™0H

OH

Molecular formula C;HsNOsP

Molecular weight 169.1

Melting point 189.5°C

Appearance White crystalline powder

Solubility in water 100,000 mg/L (20°C)

Solubility in various solvents

Stability

Methanol (10), Acetone (0.6), Ethyl acetate (0.6), Xylenes (0.6) (in
mg/L, 20°C)
Stable at pH 5 to pH 8 at 25°C

0
|

HaN p
~_ \OH

OH

AMI
&

PA
o]
|
p—
|
OH

C-P lyas

HO—P—0OH

Phosphate

Glyphosate

exidoreduclase/

o]
+ H%DH H\)OL + HO—P—OH
3 HsC” OH

co,

Glyouxylate

Microbial biomass s

o] o]
1] H
HOFEE\‘/N\)'LOH

Glyphosate

\C-P lyase

o]
|

OH

Sarcosine Phosphate

\ /Sarcosine oxidase
e}
HzN

OH
/ Glycine

ified from Al-Rajab et Schi , 2010

Simplified from Wang et al., 2016

B—  EETEBEITLYRREE O

Fig. 1. Main glyphosate biodegradation pathways in the environment (.
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FH A [ e 7~ R ZE R Y
AMPA M SR KEYR M (>1,000 mg/mL,
20°C) (ANFEPY) 09 » SERR A AT g e -
Akl A B A A FE 2 RS e R 2 F By
PRRHE b o S A 3R o SE DU Mok
TRETTZEY » 1S Bk e AR AL
B Rl LT LAl (FMOC-Cl) A
HHERRE MBS (pH=9) TNHEFTRTAEALIE
(10,519 (Al =) » FFLABEIFHZRHY A (Oasis
HLB) HHLIRMAER - RERE A = 00R

FE I A H B B 3T T 24T -
FRHEL )5 35
N
W H AR M N
ammonium * FlifE 97.93% » LGC) ~ FZ%E

fE #E 5 (glyphosate -+ i B 98.6% -
SIGMA-ALDRICH) ~ 37 i 28 X 3 ¥y 12 &

(glufosinate-

R AMPA (ERERBY) WELSMHE €D
Table 3. Physical and chemical properties of aminomethylphosphonic acid ¢ 13

Chemical name (Aminomethyl) phosphonic acid

CAS No. 1066-51-9
CIPAC No. NA
Chemical structure i
HO/T\‘/NHQ

OH
Molecular formula CHsNOsP
Molecular weight 111.04
Melting point 300°C
Appearance White crystalline powder

Solubility in water
Solubility in various solvents
Stability

1,466,561 mg/L (20°C)

Almost insoluble in organic solvents

Stable. Incompatible with strong oxidizing agents. Protect from
moisture.

RO EEBRPERENES 07
Table 4. Solubility definition in the U.S. Pharmacopoeia (!>

Descriptive term Parts of solvent Solubility range Solubility assigned
(solubility definition) required (mg/mL) (mg/mL)
Very soluble (1 Z57%) <1 >1,000 1,000
Freely soluble (F5¥) 1to 10 100-1,000 100
Soluble (FJ¥) 10 to 30 33-100 33
Sparingly soluble (FfifE 1] 7A) 30 to 100 10-33 10
Slightly soluble (f7%) 100 to 1,000 1-10 1

Very slightly soluble (FEH iA) 1,000 to 10,000 0.1-1 0.1
Practically insoluble (#&-AiK) >10,000 <0.1 0.01




Cl

GCE
0
"0

o o

b N._& + § )
HO™ [0 .

OH O

Glyphosate FMOC-CI
Cl
O’C\
O O
~ O
"o R -NHz2 .
OH O
AMPA FMOC-CI
Cl
40
I ? o \O
+

Glufosinate FMQC-CI

TR RRERI AT B

& ¢-0 ‘
Borate Buffer HO’C\,,N’
—_—
pH=9 HO\>
HO-R,
0O

Glyphosate-FMOC

HN
HO_ »
HO-R,

o

Borate Buffer

"
c-0
pH =9 O

AMPA-FMOC

J’O O\\ O
Borate Buffer HO-C c-0

—_— NH
pH=9
0=R-CHs
OH

Glufosinate-FMOC

B— - BT - =R AMPA £ FMOC-Cl T4 RERX © -
Fig. 2. Reaction schematic of derivatization of glufosinate, glyphosate and AMPA with the

FMOC-CI agent®,

i (AMPA » HEE 99.90% » LGC) ~ [E#%
B A BAEAE N, (glufosinate-d3 - HCI »
# R 95% » Toronto Research Chemicals. *
WP )~ 5 MR ZEE AR RS
(glyphosate-13C,,'’N » #liEf 98% » Toronto
Research Chemicals. » 213K 7N) ~ FZREFEL
WP EIN R (AMPA -13C,N - i
J& 96% » Toronto Research Chemicals. » 4[]
Fet) o H il FH BA 43 B B 5E B EE N B
(acetone * >99.0% » Merck) ~ — & FH ¢
(dichloromethane * >99.0% » Merck) ~ 1FC.
f&  (n-hexane > >98.0% - Merck) + FH Jig

>99.9% » Merck) ~ Z
(acetonitrile » >99.9% - J. T. Baker) ~ HI}#%
(formic acid » >98.0% * Merck) ~ +7K& Y
o
decahydrate * 99.5-103.0% (acidimetric) °
Merck) ~ T $% (ammonium carbonate °
>30.0% NH3 (acidimetric) » Merck) ~ FH %

#% (ammonium formate * 99.0% > Alfa-

(methanol -

(di-sodium tetraborate

Aesar) » E5ALFH (potassium hydroxide »
>85.0% KOH basis (acidimetric) * Merck) »
R -9-7 E g (FMOC-CI » 97% »
Aldrich) ~ E#J& (HCI > 37% » Merck) ~ fi
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7K B 1% $/  (sodium sulfate anhydrous >  >18 MQ.cm » LA N f##§Fy DDW) % o
>99.0% * Merck) J¢z X7k (DD water °

RO EREBERMESERYELEME
Table 5. Physical and chemical properties of glufosinate-d3 hydrochloride (*)

Chemical name 2-Amino-4-[hydroxyl (methyl-d3) phosphoryl]butanoic acid
hydrochloride
CAS No. 1323254-05-2
CIPAC No. NA
Chemical structure O, OH
Dsc’P\/\{CozH HCI
NH,
Molecular formula CsH1oD3CINO4P
Molecular weight 220.61
Appearance White solid

RN BERMERUVRRERYEBAZME O
Table 6. Physical and chemical properties of glyphosate -'3C,,'’N (19

Chemical name N-(phosphonomethyl) glycine -"*C2,"" N
CAS No. 1185107-63-4

CIPAC No. NA

Chemical structure O (0]

‘3" 1"
HO'Q3C/15N/g;PH

Molecular formula BC,Hs" NOsP
Molecular weight 172.05
Appearance White solid

RET ~ AMPA (ZBEERHY) RAUERERYB(EME
Table 7. Physical and chemical properties of aminomethylphosphonic acid-'*C,">N (3

Chemical name (Aminomethyl) phosphonic acid-*C, °N
CAS No. NA
CIPAC No. NA
Chemical structure O

Hp'™N 13- B\

o G

Molecular formula BCH6"NOsP
Molecular weight 113.02

Appearance White solid




o BRI IR G

Sy RUREFEE R B ~ B RIA R ~ 3%
WEZE ~ EIE[FEINLZE - AMPA Bl AMPA [A]
R RMAEHE S » A6 DA IR S A
(10% acetonitrile) VAf#JE & » 1F AR 1E
R (stock solution) o FFHY R & A #E
EIEATR » 53 BIECEL A 10,000 pg/L fEHE
MR AW Y -20°C R4 N EDESRTF -
R - BER=EREIRL /N - BUE S
REHE MR AW 0 o3 Al DA &R A
(25% MeOH) JE &EMFERL 5-500 pg/L
#E 5L TAEW (working solution) °

=~ BRan A

B2 g 3% 50 mL BE0ME (ellulose
Soxhlet Extraction Thimble > 38 mm x 80
mm > GE Healthcare Life Sciences) & * ¥
IER¥E S (STD) K AZEHENL (ISTD - [A]
7 FRAEHE S, » 0.2 ppm) 4% 0.1 mL » EEE
ZJt& 0 BFE 10-30 238 0 A 10mL 0.6 M
KOH 7KV » DLyt ik it B 2 a5 8
¥& (SPEX SamplePrep. 2010/Geno/Grinder,
1,000 rpm) FE#& 2 K » X 5 558 0 AL
4,500 rpm B0y 10 4388 > HU 5 mL _EiER
A 5 mL DDW - & F®%ILL 6 M
HCl /KSR TR % pH 9 » £% 0.45 pum JEJE
B JEIFHZEEY [ (Waters Oasis HLB 3 c.c. (60
mg) Extraction Cartridge) {F{biiE: DLAE
LVEWEETERR > I 1.25 mL borate buffer
(40 mM, pH=9) k& 1.25 mL FMOC-CI (in

TR RER AT TR T

acetonitrile) A PR H » LA sy RH 7% b
ERER (1,000 rpm) FE¥E 30 1% - L
200 W TSI S HE 2.5 4348 - IRER 4°C R
30 578 - A 125 pL HEE (formic acid)
DU I I FE - #$ s 21T - BIAE S
AITESEH 2 mL BFEERD 2 mL 0.1% FFEg/K
S VIR A RSP 1 P [ R 2 R A T L
F4rR1# A 2 mL DDW fi 1 mL — & H %z
AT &Ll 3 mL 5% HEE (in
MeOH) il IERIENR - K HR A B/
#% (40°C) » LI 50 mM TEes: (7RI 0.1%
FAEE - in 50% MeOH) FEFTEIVAZE 200 uL
AGLARR 0.2 pm PTFE JEBEGEIER - DI RN
WRAH G BT R B E FE B (Waters ACQUITY
UPLC/Waters TQMS Xevo) 4347 °

VY ~ YRoRH e BT AR TR R 20 BT IO
(—) b s 2 R e

Wi HE © Waters ACQUITY UPLC BEH
C18 (2.1 mmx100 mmx1.7 pm) °
R4 F: © Waters ACQUITY UPLC BEH
C18 VanGuard Pre-Column (2.1 mmXx5
mmx1.7 pm) °

J&@ BT AR © 50°C -

ik © 0.2 mL/min e

AR :2pL -

¥ EfH (Mobile phase) :

A ¢ BRI L B G $ < R & KV R (0.3
mM (NH4)2CO3 +1 mM (NH4FA) in
DDW) -
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B : 03 mM fix B 8 <« W B % WK
((NH4)2COs in 95% MeOH) FEEHAHES
JE S AT R A ER N -

(%) HAIBRET i ot

HREE M © Waters Xevo TQMS

HET LB RIS ¢ ESI -

T
kV o

BT IRIRLEE ¢ 150°C -

B HUR S (desolvation temperature) :

(ionspray voltage) : 3.2

320°C »

S KR Bt SR HE U € (cone gas flow) : 80
L/hr °

VA I B 3 (desolvation flow) @ 700
L/hr

SN2 TR IR ~ (B - AR
$fEEEBR (cone voltage » CV) HARIFERE
= (R -

&N\ RERB T ENE R E R
Table 8. HPLC gradient conditions

T~ PRHER Reh iR Z B

HUAHE 4 TAEVSW 5~ 10~ 20 ~ 50
100 ~ 200 J% 500 pg/L » UPLC-MS/MS 43
M - DAPz i mig SRS (ERE - 24> 5 fEiR
JEAG R AT E AR B AR

7N~ FEERUE (Matrix Effect, ME)

Ak S R R 22 1 - R - A 2019
o6 HEREH W ER NS 0044 B
572 BRpE - MBI (%) L8
A ZEFEER 37 v Bl A B2 - 3 B A B B rh U st
T HEMEE S HEASERE - 5%
il ~ Akor > BEHE - BRRRMHE - R NGEET
TE (K)o

DAz AR b R IR A i e A
BEAE=  BRELATEEE) » O INE A
SEETE R H AR AMPA BOREHE S K [RI 47
FoHHEEREERER 51020

Time (min) Flow (mL/min) % A % BY
- 0.20 100 0
1.50 0.20 90 10
6.00 0.20 50 50
10.50 0.20 0 100
13.00 0.20 100 0
16.50 0.20 100 0

3 Mobile phase A solution: mixed aqueous solution of 0.3 mM ammonium carbonate and 1 mM ammonium

formate.

) Mobile phase B solution: 0.3 mM ammonium carbonate in methanol.
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Table 9. MRM parameters

TP RER AT T 9

Retention MRM Cone voltage Collision  Coefficient of
Compound Ion mode time transition ) & energy determination
(min) (m/z) (eV) (%)
2>214 1
gly-fmoc ® ESI+ 6.9 39 35 0 0.9986
392>88 20
404>182 15
glu-fmoc® ESI+ 7.6 20 0.999
404>136 15
>
AMPA-fmoc ESI- 8.4 331.9=110 11 8 0.9969
331.9>136 17
395>91 20
ly'-fmoc o ESI+ 6.9 35 -
= L 3955217 10
407>185 15
lu'-fmoc 2 ESI+ 7.6 20 -
¢ 8D 407>139 15
333.9>112 8
AMPA'-fmoc 2 ESI- 8.4 11 -
(P 333.9>138 17
O FEWEZE fmoc ATAEY) > 7 TE (g/mol)=391 ; HAHESF T (g/mol)=394 -
b [EREE fmoe fiTAEY) ¢ 43 TR (g/mol)=403 5 HESF T & (g/mol)=335 -
9 AMPA fmoc 744 » 23 T& (g/mol)=333 ; XL T8 (g/mol)=406 -
&+ fHHTBEBMEOTER
Table 10. Characteristics of test soil
Soil characteristics Value / Result
Organic matter (%) 2.8
Organic carbon (%) 0.72
Water content (%) 1.22
Texture Loam
Sand (%) 44.1
Silt (%) 39.7
Clay (%) 16.2
pH 6.94
Total-N (%) 0.101
Cation exchange capacity (cmolc kg™) 7.72

50 ~ 100 ~ 200 J& 500 pg/L 1[G 3 i i 4%

By 50 ng/L i DL UPLC-MS/MS 43#7 ©

200 pg/L) :

HEMREFHE AN O GRER



10 EEEEEEREE 5 20 4]

Rstd in_matrix extract
ME (%) — 1515 in_matrix extract —1| x 100

std _in solvent extract

RIS in solvent extract

R=Detector response

© ~ B0 EiGER

HY 2 g 22 BIIRAH R 3RS, - A S
[l e i~ BT S oA Y AMPA HYERHE
anf TAFHR - (EHIRE Ry 50 pg/kg K 200
nglkg MR BT AR VR < B EAEDR AR - DL
UPLC-MS/MS H#EFT53 8T « FIRFHETTZZ F3
& (blank analysis) 1F 5y ¥t a0 #7 EL# -
DA VR P 1525 HfE o P B R p Mg 2 3 R
IRF P B TR » 4 1) B ASEHE V5 i L e 8 I
ERZ  REUEER -

i S S i
— ~ BAHR Z md s ikt

1) FH BB R 30 W A A R U - LA
MRM A5 A5 0 7 7~ 57 Tl 2 o LA
Y] AMPA - WiHEREEATHY 8-20 eV o RFHfE
FHARIFEZ (collision cell) DU R
TR T FRHE _ERE RS
Mres & #2787 - DU AR
BREE - HRFEETY A WiREEA AL T T
B LLA>B IR -

AWFFEE RS DL FMOC-Cl FRrfiT4:1t
ZEY) (glu-fmoc) BT B m/z 404
(ESI+) » T-BE7587E m/z 182 Sz m/z 136 (4

[ =) » Hr m/z 182 HE T IR RE R 8
& Kk R EEE 2R
404>182 BT REETH 0 & 404>136 BE
PEBEF 5 0D 5 T = [RA RAEHE AT AL
M ZE Y (glu'-fmoc) Bt Y m/z 407
(ESI+) » TH#fEF3#E m/z 185 ;. m/z 139 »
AW L T 2 HOEEE 407>185 Ry E R
BT 0 B 407>139 J e MEBET5] -

FEEFELL FMOC-Cl Fifii 4 b 2 EWY
(gly-fmoc) REEET- 5 m/z 392 (ESI+) » T
FEE m/z 214 K m/z 88 (A=) » Hrp
m/z 214 HEFERGREIERIE R E & K -
AU E R € 2 BORE 392>214 BIER
Bt #1 f 392>88 FyiE MEEET-¥F (D 5 i
Al A HE S AT ALY E D) (gly'-fmoc)
REAfET m/z 395 (ESI+) » F-Hff 73 E m/z 91
K m/z 217 » B SR E G T 2 BRI
395>91 FoiE R T ¥ K& 395>217 FiElk
¥ -

T ZEEY AMPA L FMOC-CI
FrAT AL L EY) (AMPA-fmoc) BEEET Ky
m/z 332 (ESI-) » FHEF3#E m/z 110 & m/z
136 (40E =) » Hd m/z 110 BfEF-ERaRE S
TERE & » RIBL - AW E G 2 B8
5 332>110 FyiE 2T ¥ ) 332>136 fyiE
PERET 5 025w [E AR AR EE AT AL
WY (AMPA'-fmoc) BEEET m/z 334
(ESI-) » FHET58E m/z 112 . m/z 138 »
AW STE G T 2 HORE 333.9>112 iE
AT R 334> 138 fy B MERBE T3 - (WI5R
Ju) -



(A)Glufosinate-fmoc

TR ER AT 1L

3:MRM of 5 Channels ES+ 100+ 182.00
100~ TIC
3.00e6 1.07e6
7.60 7
| 136.00
= =
208.00
139.00 185.00
0 T T T T ; Time ML T T e MIz
7.00 7.50 8.00 .50 140 160 180 200
(B)Glyphosate-fmoc 2:MRM of 4 Channels ES+
1004 6.90 TIC
3.50e5 100+ 214.00. 1.46e5
| 8800
-aﬂ,
32,
91.00 217.00
Oper T T — : ; | Time 0T miz
6.00 6.50 700 7.50 100 150 200
(OAMPA-fmoc
4:MRM of 4 Channels ES-
100 TIC
100- 110.00
2.50e5 7.57e4
8.44
112.00
. 136.00
= =l
138.00
0 T T prerreee Time O e MYZ
7.00 8.00 9.00 10.00 100 110 120 130 140 150

B=- (A B&E

“(B) EREN (C) AMPA B FMOC-Cl Z /T4 Y MiEEEF E =

w (ZE) HEVETEREE (8 (RERRER 0.2 mgky)

Fig. 3. Representative mass chromatogram determined through multiple reaction monitoring
(MRM) of 0.2 mg/kg of (A) glufosinate, (B) glyphosate and (C) AMPA with FMOC-
Cl agent.
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s BRI

B B4 Ak B~ 5% k2R R HAUEY)
AMPA 11y 3 FEAZME AR BARRIE - 5
10~ 20~ 50 ~ 100 ~ 200 5z 500 pg/L » HY
5 uL {EARRAR T » A ] A R 5 e 2
K OUEBE AT 0D AMPA LDLEE
TR AT 02 [IREE L < FRER
/HEEH L (signal-to-noise ratio, S/N ratio)
IR 10 » 2[Rl or i R I ~ 2 E I EH
W R B 2 B S AR S e AN 3k 7.
DI SR AT IR Ry X il - e A B AR
Ry Y ST EER AT (ANREPY) - RS IREH
AHERRE R () ¥AE 0.997 LLE
CIEIINE

=~ el s R R A B R
ARG EM: (Repeatability)

ERE S EMELERHEY
AMPA HIFEHE S R R B A 22 A+
AN HHRREZERER 50 pg/ke
2 200 pg/kg T [FIAZ FE IR By 50 pe/kg
A6 LI UPLC-MS/MS 43 A7 A 1 88 o [&] 3%
B FERZE R HAEHY) AMPA (Y 3 FEAR
AL T STERICERAE (n=5) © I
IR Ry 50 ng/kg KF » [EIREEA A 92.0-
103.6% » FHEEHER Z /DR 20% © I
IEEE Ry 200 ng/kg W > BIKERA YTy
93.4-96.8% * MHEMEHERAZLE 10% LT
(nF+—) -

Py~ 75 ik € & b R (Limit of
Quantitation, LOQ)

AR BT EE RROR - 550 28 R FLAUEH
Y) AMPA Z3ERT]E 0.001 mg/kg » (FHF
I MERRIEE 0.001 mg/kg &4
WGBTS o WIS H E R 2 El
Lt (signal to noise ratio, S/N ratio) 43|
Fy 18.6 ~ 44 F2 751.9 -

.~ FERE (Matrix Effect, ME)

ZattEELE - EEKELEYN
HHEE - B ibEVaTESTYE
R A EVEE R T IR EE RUER
M T AR VLA R AR T E &
®) o S —AF DIAEHE i) R [E A SR IS A B
HUIR A R E N E (B HHE
LR AR 20% » HIERSE A B R sk
R T HEE 9 KIL#EIT AL (n
=5) o FfEEREA/RLL UPLC-MS/MS 4372
FEWEEE « AMPA B [EI RS RV U S A
A 25-52% ~ 36-51% bz 15-29% (F+—=
KM ZFEAPENEENE - B
JaS A B TRAKRE T AR B G TR B B T
P A U0 AR 0 [0 57 32 A s PRI ASE T L 53 A
AEHE » AIYERAEMEE B2 J7ik -

o

%g

ARG 4EE T — 53 At U5 ke ] S ]
v SERZE B HLACEY) AMPA - RO



(A)

Area Ratio
(standard / Internal Standard)

(B)

Area Ratio
(standard/Internal Standard)

©
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y =65.548x + 0.0833
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g R R R AT ik
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o
0.1 015 02 025
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=)
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u',
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V(A) BRE - (B) BHEER (C) AMPA EBTRERRIBER (1) -
Fig. 4. Calibration curves of (A) glufosinate, (B) glyphosate and (C) AMPA in matrix (soil).
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K+— AR RS

Table 11. Results of recovery tests

Analyte Concentration (mg/kg) Average recovery (%) CV (%)

0.05 92.0 18.64
Glyphosate 0.2 93.4 9.30
0.05 95.2 17.61
AMPA 0.2 96.8 6.67
. 0.05 103.6 16.85
Glufosinate 0.2 96.3 413

(A)Glufosinat 3: MRM of 5 Channels ES+

1004 2 ﬁgé%

7.60

Soil matrix._

o
Reagent
T T T T T T T T T T T T T T Y Time
6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00
(B) G]yphosate 2: MRM of 4 Channels ES+
TIC
1004 4.0085
6.90
Soil matrix
L -
Reagent
0 T T e e e Time
560 580 600 620 640 6.60
(OAMPA 4: MRM of 4 Channels ES-
TIC
1007 2.30e5
Soil matrix._
L -
Reagent

Time

Bh - REMRER 0.2 mgkg 2 (A) BERRE ~ (B) & (C) AMPA {2z BN
ﬁé’E\ o
Fig. 5. Matrix effect of (A) glufosinate, (B) glyphosate and (C) AMPA in soil at a standard

concentration of 0.2 mg/kg.
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R+ BEREARGER-ZHE
Table 12. Results of matrix effect tests - glyphosate

Item 9 Area IS Area ® Ratio of Area/IS area ME RSD (%) ME (%)
BK "+STD 2230 1034 2.157 - -
CK 9+STD rep-1 12897 4416 2.920 354
CK 94STD rep-2 15320 4675 3.277 51.9
CK9+STD rep-3 12691 4667 2.719 324 26.1
CK94STD rep 4 12025 4475 2.687 24.6
CK 94+STD rep5 11235 3969 2.831 31.3

OIS EERES (FA73R) -
b BK: %k

9 CK: soil.

9 Spike STD: 0.2 mg/kg.

K+=  EEREARGER-AMPA
Table 13. Results of matrix effect tests - AMPA

Item ¢ Area IS Area Ratio of Area/IS area  ME RSD (%) ME (%)
BK P+STD 3362 2719 1.237 - -
CK 9+STD rep-1 8377 4998 1.676 35.5
CK 9+STD rep-2 9681 5209 1.859 50.3
CK 9+STD rep-3 9887 5465 1.809 17.5 46.3
CK9+STD rep 4 8869 5278 1.680 359
CK 94+STD rep5 10771 5760 1.870 51.2

OIS EEAER (FIA73R) -
Y BK: TRk e

9 CK: soil.

9 Spike STD: 0.2 mg/kg.

K+ REREARER-ERE
Table 14. Results of matrix effect tests - glufosinate

Item ¢ Area IS Area ¥ Ratio of Area/IS area  ME RSD (%)  ME (%)
BK “+STD 90378 8676 10.417 - -
CK 9+STD rep-1 125279 9642 12.993 24.7
CK 9+STD rep-2 147251 11729 12.554 20.5
CK 9+STD rep-3 102678 7673 13.382 224 28.5
CK9+STD rep 4 153568 12796 12.001 15.2
CK 9+STD rep5 122662 9694 12.653 21.5

OIS ASEHENL (FIRZFR) -
5 BK: KK o

9 CK: soil.

9 Spike STD: 0.2 mg/kg.
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Establishment of an Analytical Method for

Glufosinate, Glyphosate and Glyphosate
Metabolite AMPA in Soil

Wen-Li Shih!, Pei-Yu Jiang!", Chien Chu!, Tsyr-Horng Shyu!

Abstract

Shih, W.L., Jiang, P. Y., Chu, C., and Shyu, T. H. 2026. Establishment of an analytical method for
glufosinate, glyphosate and glyphosate metabolite AMPA in soil. Taiwan Pestic. Sci. 20: 1-19.

High-polarity pesticides, such as the herbicides glyphosate and glufosinate, have broad
effectiveness and non-selectivity for weed control, making them herbicides of choice
globally; however, the risk of environmental contamination remains a pressing concern.
Furthermore, the major degradation product of glyphosate, aminomethylphosphonic acid
(AMPA), has been found present in plants, water, and soil samples. Despite the prevalent
use of these herbicides in Taiwan, there are currently no relevant environmental testing data.
To address concerns associated with environmental residue and possible adverse effects, an
analytical method applying 9-Fluorenylmethyloxycarbonyl chloride (FMOC-CI)
derivatization was developed for the determination of glufosinate, glyphosate and AMPA in
soil samples. Soil samples were first extracted with 0.6 M KOHq), cleaned up with solid-
phase extraction, and then diluted in water. Following FMOC-CI derivatization and solid-
phase extraction, liquid chromatography-tandem mass spectrometry was employed to
analyze each FMOC-derivative. Stable isotope internal standards for each analyte were also
used. The matrix-matched calibration range for UPLC-MS/MS was 0.001 to 0.1 mg/kg (1
>0.999), and the average recoveries by UPLC-MS/MS at two spike levels (0.05 and 0.2
mg/kg) were 92.0-103.6% and 93.4-96.8%, respectively, with RSDs of less than 20%. The
obtained CV% (0.2 mg/kg, 5 replicates) of the spiked sediment samples was 4.13-9.30%.
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Therefore, the analytical methods established and confirmed in this study for glufosinate and
glyphosate residues and AMPA in environmental samples could be used for subsequent
environmental residue monitoring and environmental risk assessment.

Key words: soil, herbicides, glyphosate, glufosinate, AMPA, UPLC-MS/MS



