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RHF 98 5% B L QuPPe 77 7% (Quick Polar Pesticides Method) * # 2 vA & 48 & 47 9 T
H %1% (Liquid Chromatography/Tandem Mass Spectrometer, LC-MS/MS)5-#7 2 & 48
BRI B KR RA TSRS RER LMY 0 oI EHRE  FEHEA
#41 (Aminomethylphosphonic acid, AMPA) ~ 55§ A 42 (N-acetyl-glyphosate)
2] 4 3 (Glufosinate-ammonium) * B #& ¥ X # 41 (3-(Methylphosphinico)propionic
acid, MPPA) » [ # X 42 (N-Acetyl-glufosinate) + & 44 4 % % (Ethephon) & 4% £ 13
(Fosetyl-Al) = % &7 G xhn oy ik o AT R B IAAZ BBRIN G AR S F 0 B 3T
ARHE AR VA B 1% T R 2 P BE R (AL o I H BOA B 1% T BR 2. 70% P B 0R ) 3E IR
B A-207C % R0 4 » HRIE Y ML AEAZ L 35 B O R C18 R ] i 1L ALC-MS/MS
M o ARHF 5% K Anionic Polar Pesticide (APP)/& #7442 » ¥A1.2% F BR 2 KRB A 2
0.5%'F BR 2 LR 7 i 8 7% B AR AT G AT © FEZCKAR VA 2 67R MARALIE AT A8 o 8 i 4T
AR R REB I FMEREMERE S IRT P8R RERL KA
e ] R 0 4 AR R 25 3E  AMPASN TR m B FE0.05 ppm B 523.7%40 0 H AR AR
R R IA X T 3 E  R S B AN 55.4-133.4% 0 8 R EE M T.60% 0 B AECE
SANTE/11312/2021 4% » €& 42 1&(0.01-0.1 ppm)# & K P ¥ 56K B R ER G R
FEARE LR » TR S KB FARE o KRBT R APPRE AT B AL T & 547 8% A 4%
MR RS - BARE R ERRE B8 KA o T HRT B RME
A R R R A

RASE | AMREE - KFEY  REETRHELE

]
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Mt RER D TERFERE/ KIS
PREU(K,) B/ - BT E HikZ L5
By B2 BE - H B vA B K T e DA e 22 A 1
AR - (Eif L SRR E R AT AR
& DHIRE A S R ERBAEERA
RRE R ERE FEE - WA RREA - &
BB R A RRETR S E R - BEIS 57

IR FATEM M R IR T A R R BT
(Maximum Residue Level, MRL)" » {&HE{EY)
MRIRH&E 5 /=00 BB ERE - W
BB R TE R E SR & 21EY - MRLIT
20.05-100 ppm ;5 25 “FHRFBSANEZGHH » 40
KFE R EXRAESE » MRL/T/20.1-10 ppm 5 55 =
$El A8 MRL/1/20.1-30 ppm (FR2—) « 4=
e 1 Fr e SRV T 2 (T R R ) R 1064F
AH19H AR L T BT R
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=— B BEKAFAZEELPAMREZZBANERE

LI LS

B E ALt TEY S Sy —— TR TE R
YR 23 FF & (ppm)
Glyphosate R 0.1-0.5 0.1-50  0.1-40 HA : K&+ TAKRMHZFEFFEGlyphosate & N-acetyl-
0  01-10  0.1-20  0.1-30 glyphosate &5 5 5 - DAGlyphosateat ; HEk
{ERTH Glyphosate * LAGlyphosatefii °
M 0.1 012  0.I-1 B : Glyphosate °
Glufosinate- e | 0.05-2  0.03-5 0.01-5 BEXEE K HZA : Glufosinate-ammonium  MPPA K&
amm()nium %&bﬁﬁ 0.1-2.0 0.03-0.9 0.1-2 N—Acet'yl-glgfosinateé‘ﬁ?g{‘/ﬁ ’ Lj\
e Glufosinatezt °
I - 0.1 0.1-0.5
Ethephon RS 1.0-3.0  0.05-7 0.05-10 B K HA : Ethephon °
B 0.2-20 0.05-1 0.05-2
T 5.0 0.1 0052
Fosetyl-Al PEEEH 0.1-100 2-1,500 0.5-1,000 EXER : BRFosetyl » Phosphonic acid j¢ HLEAH & ff 51
. & DlFosetylf °
R - 2150 0.5 HA: F¥Fosetyl-Al X Phosphonic acid & 5T » LA
S 30 2-2,000 0.5-1440 Fosetyl-AlGT «

fls ik — R R Y 2 B 5
5 Z:(TFDAP0006.00) ; © - {i# FiHypercarb/@
WP FE AT 48 e 7 S AR R 7T P 2 3 - (H
HWERERRE RS ITHI DR E T E
i B s - RS I DU S R &S
1084FFfF 52522 ) Obelisc N (HILIC)@ M :
SriToTEm M R RN B R T - R
EIEEBZER N ERERERELSE
SRR M R EEE A BLE A - HIEFR R HTRT LA
o B SEETERE - TR R T L TR
MR - EEESmEERGOR) REEE Y
ARHSRZ T MRS O 5 A Eis R
KEZIREE o 1104ERFFE Ve 5 I e —
MERTR AL M R RS - BRI R
R ER - RN A EEREEER2.5-251
BRI A S IEZLO0Q
7 EMRLFF =K« HEObelisc N (HILIC)
i A A (o P IR 0 - HL T T Bl G o HH 3R
HEMEAEZRS  FEMAKERET "H
4 (re-condition) |+ PAMERFEE Z 9 A 8

HURILER N EANHRE LB - TNagEE
SrHTIE R o RIAH 7822 E B 2 QuPPe-PO
(Quick Polar Pesticides Method-Products of
Plant and Honey) /5i£ » BH#E DA & 17 HR g
B (Liquid Chromatography-Tandem Mass
Spectrometer, LC-MS/MS)3 TR 5 ~ #H J§7
THE - RTEELEYIM A R ZE - BRIl
ERF - IRES R EAHY EIEMm R EE (R
Ykl o HHREREDGE AR T A
B BTIREER  RBENS - EHRSEE
K iR i P R B R MR TR K kB 7 -

MFERTE

—  igBEAR
ATFSCRRFTE R £k RERE
500 R A B 2 B e
& - DU AR R i B 2 b
- IEREETRE - £k IR
BINER - BURRRER S R -
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FE R VR BB R LAY 2 B AT T P

No. BRFEESEAH (EE ) fEM

FETER Log P pKa

1 Glyphosate (GE#3E) R

2 Aminomethylphosphonic acid
(AMPA)

3 N-Acetyl-glyphosate

4 Glufosinate-ammonium ([&#% 757

)

5 3-(Methylphosphinico)
propionic acid, MPPA

6 N-Acetyl-glufosinate

7 Ethephon (#£H A4 FFR) G~ N -
Bl
8 Fosetyl-Al (i%Ef3) wER A

-3.2 0.78,2.29,5.96, 11

o] -2.76 —

2.4 —
OH
/\\N/\I-r
w ]
________ MC O _______.
O OH -3.96 0.8,2.9,9.8
W
HsC—P,
\_\_<0
5
HoN OH
-1.6 —
OH
|
o) T:o
CH;
~p N o
/\/I\f
HC
CHy
__________ .
o] -
\\P/OH 1.89 4.7
o N\
______________ oW ...
-2.1 2.82,7.21
At
CHs ﬁ
oo
H CHy ﬁ
‘O/T\O‘
H

= HE
(i

HRE PR ERE A (M E I8 %) » H R

K ZJiE B PR A T A R 35 g B

Merck/Z) @ (Darmstadt, Germany) ;

Octadecylsilane, end-capped (C18 EC)$%
FHS3 A4 > % H Agilent/\ 5](Santa Clara,
CA, USA); Z_FaVU Z B4 45 — $jEa
(Ethylenediaminetetraacetic acid, EDTA
Na,-Ca)f# FHt S > I H Sigma-Aldrich”
/N F](Saint Louis, MO, USA) °
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() B AR
3-(Methylphosphinico)propionic acid
(MPPA) (#/%99.9%)# HHPC Standards
/N E](Cunnersdorf, Germany) ; Glyphosate
(M FE98.5%)H H Chem Service/\ A
(West Chester, PA, USA) ; Fosetyl-Al (i
[£93.5%) » Glufosinate-ammonium (ffi
[£100%) K Aminomethylphosphoric acid
(AMPA) (#i£99.0%)%5 % H AccuStandard®
/N H](New Haven, CT, USA) ; Ethephon
(fEE97%) » N-Acetyl-glufosinate (ffiJE
92.6%) K N-Acetyl-glyphosate (f{i/£95.5%)
7 i% E Dr. Ehrenstorfer/X 5] (Augsburg,
Germany) °

ENEIAL 2 N
3-(Methylphosphinico)propionic acid-d,
sodium salt (#if£96%) + Glufosinate-d;-
hydrochloride (fE95%) K N-Acetyl-
glyphosate-d, (flif£98%) » £ H Toronto
Research Chemicals/> &](Toronto, Ontario,
Canada) ; Fosetyl-Al-d,s (flifE90.7%)H& H
Dr. Ehrenstorfer/A & 5 Glyphosate-2-"C,"N
(FiF£99.6%) K N-Acetyl-d;-glufosinate
(FEFE100%) % 1 E Sigma-Aldrich "2
Al; AMPA-"C,"N,d, (#[%99.4%)H%
H Cambridge Isotope Laboratories/\ F]
(Tewksbury, MA, USA) °

= (EEREREARE

() [ % (Allegra 25R Centrifuge, Beckman
Coulter, USA) °

(O & B #E B (GenoGrinder” , SPEX
SamplePrepP, USA) °

E) g IR & %5 (Vortex-Genie 2 mixer,
Scientific Industries, USA) °

(e =5 55 RE VAR T AT ER s U B BB (ACQUITY
UPLC I-Class PLUS/ Xevo TQ Absolute,
Waters, USA) °

I ~ E ] 2 SRS
& 1% FEEE TR
HUH£10.20 mL » TR EE(# 21,000 mL -
()& 1%F 2 70% FF B AT
A% 10.20 mL K FHEZ700 mL » I+
7K f#E% 1,000 mL -
E)E0.5%H % .2 50% AR
AN 2B 7 7K B 5 1% FR 8 2 BRI VA > DA
1: 1 (vv)ELBRES -
()10% EDTAA
HYEDTA Na,-Ca 13.24 g » DL T /K7 fi#
f# B 100 mL -
7~ BEIRIA R AR
(RS ENFHA (1.2% F ERIATR)
% 12.24 mL > 05 BT 7K 5 51,000
mL » DAEESEE -
CREENEB (£0.5%F 8.2 ZI51ATR)

HYFH 5,10 mL > I Z A5 RE1,000 mL
DAVEME S o

N~ REBIRZE A2 Bo

Y58 & Glyphosate-2-""C, "N 6IH £ 5E N
ERRME S - AERERE - 4RI DU E AT(R )
R VBB A EHE A 210 mL » {ERs[FEIRZ
FNERECT N TR - AT IR
a5 HE B AR R | DU E S e
2100 pg/mL » {ERNIEER2 » Rl
el R o B AR R BGE B NIRRT 2IE S 0 DA
50.5% R Z50% F B IE R BEZES ng/mL -
HEPER NI A B R R e AR BO B -

+ - AR
HYGlyphosate 55 8 T 2 B ¥ et FH A UE A 254
10 mg » fERERE » 73 BILUEE AR (R =)
figl DLRB R BHE A 210 mL - (R IRYER
W1 RTINS HGE B AR YE 5
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RAEIEE R ECRAE
No. Compound Solvent
Glyphosate 10% ACN in water

AMPA 0.5% FA in ACN
10% ACN in water
10% ACN in water

Deionized water

N-Acetyl-glyphosate

1

2

3

4 Glufosinate
5 MPPA

6

7

N-Acetyl-glufosinate 10% ACN in water
Ethephon 10% ACN in water
+ 1% FA
8 Fosetyl-Al 10% ACN in water
"9 Glyphosate -2-°C,"N (IS.")  10% ACN in water

10 AMPA-"C,"N, d, (I.S.9)
11 N-Acetyl-glyphosate-ds (1.S.") 10% ACN in water

Deionized water

12 Glufosinate-d, (1.S.%) 10% ACN in water
13 MPPA-d, (I.S.%) 10% ACN in water
14 Fosetyl-Al-d,s (1.S.%) 10% ACN in water

“Internal standard.

T LGEE A FFEEZE 100 ng/mL - HE{EIE®ER
2 » IR o B R PR EUE & %
EHEFR2IES » DLE0.5%H S 2 50% HEEE
RS pg/mL » EEERMEMGEEH 5
BYE AT UE F 2 DL 50.5% FH S 2 50% FHEE S
WHFTEZE2 ng/mL @ fEEREEME R AR OB -

AR SRR E R R E IR
(PR AT
[& % #41 F§ Anionic Polar Pesticide (APP)
Column (2.1 mm x 100 mm ° particle size
130 A, 5 um) TR ARIY -
()RR U R R
i R PR ’a?(ﬂﬁ‘tﬁﬁ¥()?(Electrospray ion
source) ' HETEEFEX » BRI EKX
& Tﬁiﬁﬂfﬁ_ﬁ(Multiple Reaction Monitoring,
MRM)ETTEH « EHREERZ T2 B
- MRM@/EHZ%’%F%%ZZD%%E o
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S8 LAY 2 B T TR 3

N R RE

( )m%rﬁ
B8 2 i mai10 g @ ¥EMERT » BN
50 mLEELEH » TIAERET7K1.5 mL »
ke 2 k& 810 ¢ » IAS pg/mL
WA IS0 nL R & 1% 5 2 B A
10 mL » DLESR B E R 1,000 rpmilR
158 0 A-20°CH 905 88 DL I o
R-10°CLA5,000 xghift (25578 » B L5 4
mL * EA 15 mLEELE(NEC18 ECHHT
Fi1200 mg) » DAEnd 7 BEEE 121,000 rpm
TE&E15788% 0 FA-10°CLA5,000 x gt [2557
$ o B BR800 pL - BRI E R LV
o A 0.5% FH R .2 50% FF VA TR
SR 1,000 pL - FEEELETE - (LEWR
T -

(RS
B398 2 i8105 ¢ FHERTE - BRS50
mLBELE S - IIALBET7K9 mL - R
B2 K EER10 ¢ 0 IAS pg/mLA
TRE100 pnL Kz 2 1% FH g 2 FREES AW 10
mL © SR EE100 pLi10% EDTAAE
1 mL - DL s B B 21,000 rpmik
BISHEE 0 fA-20°CH 904 88 DL I o
R-10°CLA5,000 > gffe (05578 » B FiFR2
mL » BA15 mL B LS (N & 282 mL) »
DU R B EE B 1,000 rpmiE 21 478
% » FA-10°CLL5,000 xgifE (55575 - B b
TEIR800 L » BERMERECET » TIAS
0.5% .2 50% FEEA TR - (HEETER1,000
ul - AR REGEE - BRI -

G
B398 2 igi2 ¢ - BHERTE - BRS50
mLEELEH » A EBETF7K10 mL - 5
2 K E 810 ¢ 0 HIAS ug/mL
WA TS0 nL R & 1% F 2 B VA
10 mL » DLER B E R 1,000 rpmifE
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Parameter Condition
LC system ACQUITY UPLC I-Class PLUS with Sample manager
Column Anionic Polar Pesticide (5 pm, 2.1 mm * 100 mm)
Strong wash (SNW) 50% Methanol in water
Weak wash (WNW) 90:10 Acetonitrile: water
Seal wash 10% Methanol in water

Column temperature

Sample temperature
Injection volume
Flow rate

Mobile phase

Gradient program

Analytical time

MS instrument

Ionization mode

Capillary voltage (kV)
Desolvation temperature (C)

Desolvation gas flow (L/hr)

50°C

10°C

10 uL

0.5 mL/min

A * 1.2% Formic acid in water
B : 0.5% Formic acid in acetonitrile

Time (min) A (%) B (%)
0 10 90
0.5 10 90
1.5 80 20
4.5 90 10
17.5 90 10
17.6 10 90
23 min
Xevo TQ Absolute
ESI negative
3.0
600
1,000

G158 0 fA-20°CHE 9085 DL | o
[R-10°CLA5,000 xghft (255788 - B B4
mL » B 15 mL B OE (W& C18 ECHHT
Fi200 mg) » DLEsd 7 BUEEE 21,000 rpm
IR 3881 - FR-10°CLLS,000 x g5
SrgE o B_ETET800 pL o B EEE(VE
o MAE0.5%F 8.2 50% FF VA TR
FREFER1,000 pL - FEUEEGETE - fEER
1’ -
B RMER RSB S SR R R 2 TR
BB - SRR kS S RATR10 g DI

Rl - HASE BN T MK & & BUshE2 g8l
AR - A 7K ) SR B R T F N I B 17K 10
mL -

(retE P H A

HUE 2 miars g 1BHERE - BEHS50
mLEEE T > JIAS pg/mLAEE RS0
uL Rz &5 1% 8 2 70% FF EE AW 10 mL > DA
S BEEE 1,000 rpmiREZ 1558415
JA-20°C% #9057 8 LA _E - A-10°CLA5,000
xgBlE (545788 » B FIE T4 mL » BA 1S
mL B0V (N C18I T EI200 mg) » LA
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FRRE PR Y AR S LAY 2 B SRR o 5 kP

H¥ME 2 6TRR AT R 2 ER BRI H(ES)

Ion pair
No. Compound

Precursor ion (m/z) Cone voltage Collision energy

Internal standard

> product ion (m/z) V) (V)
1 Glyphosate 168 > 63" 21 19 13 15
168 > 150 1 9 Glyphosate -2-°C, "N
2 AMPA 110 > 81° 30 12 13~ 15
110 > 63 30 20 AMPA-"C,"N, d,
3 N-Acetyl-glyphosate 210 > 150° 16 14
210> 63 10 2% N-Acetyl-glyphosate-d,
4 Glufosinate 180 > 95° 28 18 .
180 > 63 28 30 Glufosinate-d,
5 MPPA 151 > 133" 15 12
151 > 107 20 19 MPPA-d,
6 N-Acetyl-glufosinate 222 > 59° 30 15 i
222 > 136 30 20
7 Ethephon 143 > 107" 15 8 )
143 > 79 15 8
8 Fosetyl 109 > 81° 18 43
109> 63 19 17 Fosetyl-ds
9 Glyphosate -2-"C,"N (L.S.) 170 > 63 28 18
10 AMPA-"C,"N, d,(1.S.) 114 > 81 32 12
11 N-Acetyl-glyphosate-d; (I.S.) 213 > 63 28 24
12 Glufosinate-d; (I.S.) 183 > 63 28 30
13 MPPA-d,(L.S.) 154 > 63 20 25
14 Fosetyl-ds(L.S.) 114 > 82 21 14

*Quantitative ion.

B BEEE 1,000 rpmiE &1 S #ETL

A-10°CLA5,000 xghff (255788 - B B3
1400 uL - ERWEREOEF - IMAS

0.5% F % 2 50% FFEEA T BEETE F51,000
L FRUERBGEE - EERE o

+ ~ RN SUE

FETE R ng/mLEYEVEE1-100 mL ~ 5
ng/mL A LA W2 mL R E & 50.5% F % 2 50%
FEOATR » (SRR mL - JBEHE - H5BE
ALC-MS/MSH 7347 » #4{£0.002-0.2 pg/mLZ
REUERR AR -

+— EEEE

DA #E g6 (Standard Calibration Curve,
SCC) i #'E VLB i & #% (Matrix-Matched
Calibration Curve, MMC)Z &} 255 HE 3%
JE - SEAE -

(MMC.Z R - SCCZ A1)

FEETE %) = x 100%
5)= SCCZ IR ’

+= - AR R EE R
FEZZEEMIRIG2 g s HARZZEER

BEHLRIS g 5 R ZZ2 E g AGi10 g - #F

HEREE - I B ARV T R NARVE T >
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FER ARSI N RS =5 50.05 K&
0.1 ppm * HEEEBEANERESE S E
0.025520.05 ppm ° _F3ft 22 1 g B AG R DA v
% BRE30 8 o MRPTE LS IR TSE
BIEGREE - [FIRAEZ E el - ST ESEER
B S al R R 58 FLAR B (Coefficient of
Variation, CV) » i SR E T HEBEE
ZEHE o FTE0EE W R 2 AR - RN
TR P B S5 (B SCR Fy 48 BAR B 2 B Ei 2 B A
SANTE/11312/202192 }i#i - thEkE &2
ZadE s aiLERE R ERoRE”
DURFAEA 5k 2 VR R BRI R S &P
g -
=~ TEMRZ FH

IR EER RS2 ¢ 0 INEKRIREERIS g 5 3R
FHEMEEN10 ¢ BIERTE - 2B A CE=AZ
VTR - MRFTAENT 2 5 i SRR TR 5347 DA
FTa% & & E BB T SES/N ratio = 10 » E MEHE
F-ZS/N ratio = 3 » HE SO R H 58 FL%
B S ECESANTE/11312/202 1 FERUR &2 5

{RARINEAE By € =AM R (Limit of Quantification,
LOQ) °

TR EE AR

— BB mBEMTEM

AW TR R R T v B & MRME R (H
HI > DILC-MS/MSF3 7 $ L AR HE A » DAEHSR
WOR . FEVIRET Ry E BEE T 0 DR KE
EEVIBET Ry fE BT %1 - 8T M I = 58 e HLAR
A B R VR R T
— - EBhERE GG ERE

B 25 12,2/ QuPPe-PO 5 £V AT 41 H
ZREITEAR B E S B =K —
Tyt 2 BRI M (8 T AT (Hydrophilic
Interaction Liquid Chromatography, HILIC) ; —

s DA LA SR MR A E (carbon ) fH B B FE HE ST
st s =R G EEE T 22 #A T (anion exchange
chromatography) = FH ISR A ds Snl & H
DAHILIC 73B89 7E 4+ F, & Waters Anionic Polar
Pesticide (APP) Column . Sielc Obelisc NAJ &
I o7 BiEAT 13- 1478 M [ 222 » 55 Jonatan Dias™
AN 2SR FoR B F APPIE AT L )
BEIFENTERE - 258 "Method 1.6 b
Fry @it KBRS 28 - #EEd1.2% R
TKIBR K 20.5% R R ZIEETRIE RIZEIE -
DArE A BN Ry 5 7K AH B P A TR M 43
M @t o it - M A I R 22788 - DL
LC-MS/MS43T » 100 ng/mL.Z 8FE i 14 f2 42 1%
HAHY) < AR S by [ 3 A0 — - BER8IH
T 1R PR e A PR RERE AT R (R N AT RT3
Ht - HAFEREZECEHY)2 (V-acetyl-glyphosate)
WG E RS - #F2.55 8 - HE B EL
BEQuPPe L 2B [ElREAHL -

= BIRIERECET
AW B RAZAE — - (R2EEE
5512.2KQuPPe-PO /i - MREE HH R4 Ry i
T 2 BEEYIE - ZEIET S
B Table 48FERBE K S EFE105T
HAEETCRE R BEEE - BN R &
10%ZEDTAVE TR » MY HEAIZ & HEF 8
TN EE - W2EEFEZ1B3F1LHI3HAH
Z TEYpE R R R Y 2
53K /5(TFDAP0033.00) 5 g siEHES
ZHIE IR ©
« BREWFERFL
()8R 14 R 2 iy HAE M R AR R A L L E
Hh BB E
QTR 2 2 K AR W R S R i 2
Hh BB SEMTRS » BRI
&SN - R FERREERESEE T2
EEMER + 20%K - HERCIEEZE]

I

Y

I

e
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FE R VR BB R LAY 2 B AT T P

ooy /z110> 81
. m/z
o ALAMPA
0= UL RS UL R I RS IR WL LA SUSILLE LN L I SN I S L SO ELILE LN LI LN B
2.00 4.00 6.00 8.00 10.00 1200 1400  16.00 1800  20.00  22.00
2.12
1007 _ m/z 180> 95
e Glufosinate
G L B N L B s B B B s B L B B Ry s s R
2.00 4.00 6.00 8.00 1000 1200  14.00  16.00  18.00  20.00  22.00
2.59
100+ m/z 151> 133
e AMPPA
e ML B e I L I L B I I s B B s L s Ry R R
2.00 4.00 6.00 8.00 10.00 1200 1400  16.00 1800 2000  22.00
3.21
1007 ) m/z 222> 59
eS N-Acetyl-glufosinate
L B L e L B L L I B B B L s B s R R L e
2.00 4.00 6.00 8.00 10.00 1200 1400  16.00 1800  20.00  22.00
3.73
100+ m/z 168 > 63
eS Glyphosate
0= L R UL UL UL I LRI IULLEL LI UL LRSS SO LIS SN EULEURLN SO I UL BN S I UL
2.00 4.00 6.00 8.00 10.00 1200 1400  16.00 1800  20.00  22.00
6.23
1005 m/z 143 > 107
s Mthephon
e e L I L L L B B L B B B L S Ry R L e
2.00 4.00 6.00 8.00 10.00 1200 1400  16.00 1800 2000  22.00
9.07
1005 m/z 109 > 81
S Fosetyl
e N AL LA LN LS VAR SR RN SO IS L I SIS LA L I S UL B I B
2.00 4.00 6.00 8.00 1000 1200  14.00  16.00  18.00  20.00  22.00
14.49
100- m/z 210 > 150
] NAcetyl— glyphosate
0 VAN DA N SO L B I SIS LA S I S I B I S
2.00 4.00 6.00 8.00 1000 1200  14.00  16.00  18.00  20.00  22.00

Time (min)
E— » LILC-MS/MS434f1100 ng/mL AMPAZ 8IEH4 R EE K HLAHIMIR % 2 MRMEAT B FE

FEELE T A N RIRE R Z B rEsR

LG -

(CILA6 T [F] (7 38 P AR HE i I 12 2 M A2
B R HAHYI R fh BB RUE
X QuPPe TR 2 1 [ 7% B A3 172

(N-Acetyl-glufosinate). [F]{i7 32 A B AR HE i
(N-Acetyl-glufosinate-ds) ] GE 57 i 7K fif
B EREERRGE ; 2otz
F] 7 4= 5= F (Ethephon) Z [F] {17 32 A &

#E ff(Ethephon-d,) & B BB B L > 7R 7]
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Bk 5g

| FRIEBE, - AP 30 min

RN EET/K— 1.5 mL

10 mL

9 mL |

| AR Y

| A0 1% FA 22 70% MeOH 10 mL | |

NI 1% FA 2

MeOH 10 mL |

I
NI FA 0.1 mL 2
10% EDTA 1 mL
|

| LA 1,000 rpm =38R 15 min

| 20°C 5 90 min LI » 5,000 xg #ELy 5 min |

HY 3508 4 mL Y 15 mL Be0vs

HU RS 2 mL Y 15 mL e 00E

(& C18 Wt 200 mg) (# ACN 2mL)
I I I
| SRS 1,000 rpm 1 min> L 5,000 xg B0y Smin |
2 v v
HU_F35 400 pL B 1% FA 2 MeOH || HY I3 800 pL FEfI 1% FA 22 MeOH : 7K(1 = 1, v/v) 200 uL »  #@)&7% L LC-
JK(1 1, v/v) 600 uL > L LC- MS/MS 434t
MS/MS 4347

AAREMBE PR RER IS ERBEIMMTTEAZ B RIZRE

&N IR RE R EAHMN AR ER EEXE

Matrix effects (%) Matrix effects (%)*
No. Compound - - -
Apple Rice Tea Canola oil Apple Rice Tea
1 Glyphosate 9.90 39.22 -23.68 0.35 0.13 1.63 -1.48
2  AMPA -91.33 -37.07 -98.74 3.35 -17.25 -6.96 -12.71
3 N-Acetyl-glyphosate 30.34 41.24 34.29 2.88 -8.12 -4.04 -3.64
4 Glufosinate -63.39 -3.52 -80.84 2.03 12.00 -0.36 3.29
5 MPPA -5.56 18.52 -49.77 -0.34 -2.21 0.21 2.47
6  N-Acetyl-glufosinate -1.87 11.21 -41.27 0.93 - - -
7  Ethephon -7.15 12.06 -8.51 -0.56 - - -
8 Fosetyl 0.83 12.03 6.78 1.90 -5.98 -3.44 -4.46

‘Calibrated with isotope-labeled internal standards.
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0.2 pg/mLZ e AR FHEA PR B KH20.99 » &8
TP I 0 P [ A PR R AR LA - ASE R
BB S E R B 55.4-133.4% » B FARE
FRASEERF0.05 ppmZ FEEZERHE I (AMPA) By
23.7%4h » HEREE/NR14.3% » G EEE
INR17.6% (FREEFEN) -

EEAMIC RS ERE ST - Bk
EEEE T IREE R R - HLEICR 2 2R i
ALEEER  HEEERERELY WA EFEHY
SANTE 11312/2021 2 FEROREE - RAEE NS
B ELRHUNR20% 2R T » [EICEREIE TR

79
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Apple Rice
Intra-day” Inter-day® Intra-day® Inter-day®
Compound 0.025ppm  0.05ppm 0.05 ppm LOQ 0.05 ppm 0.1 ppm 0.1 ppm LOQ

Rec. CV Rec. CV ¢y ®PPM) Rec €V Rec. Cv cv (PPm)

(%) (%) (%) (%) (%) () (%) (%) (%) (%)
Glyphosate 106.4 2.8 1052 1.6 1.3 0.025 102.3 4.0 103.6 5.4 5.6 0.05
AMPA 949 37 960 2.6 1.8 0.025 985 3.0 962 13 1.8 0.05
N-Acetyl-glyphosate  101.4 1.4 1045 2.2 1.6 0.025 100.1 2.2 100.2 1.6 2.4 0.05
Glufosinate 107.6 3.9 106.7 2.1 2.9 0.025 108.6 3.6 1075 2.1 2.2 0.05
MPPA 1114 1.9 1058 1.7 2.9 0.025 98.6 2.1 101.2 1.1 1.5 0.05
N-Acetyl-glufosinate®  86.1 23  87.6 3.5 10.3 0.025 100.6 1.6 974 23 2.5 0.05
Ethephon® 128.1 1.3 108.9 0.7 13.7 0.025 87.0 1.8 823 1.5 4.3 0.05
Fosetyl 97.0 1.2 1025 1.6 1.8 0.025 877 39 878 1.5 1.9 0.05
N=5; "N=10.

‘Not calibrated with isotope-labeled internal standards.
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Tea Canola oil
Intra-day” Inter-day” Intra-day” Inter-day®
Compound 0.05 ppm 0.1 ppm 0.1 ppm LOQ 0.01 ppm 0.05ppm  0.05 ppm LOQ

Rec. CV Rec. €V cv  (PM Rec €V Rec. Cv cv  (PPM)

(%) (%) (%) (%) (%) OGO CORNCO NN CO)
Glyphosate 1033 49 1022 3.6 3.0 0.05 1334 64 993 45 4.7 0.01
AMPA 67.0 237 663 143 17.6 0.1 1170 6.0 1053 1.5 6.7 0.01
N-Acetyl-glyphosate  101.6 2.7 959 14 1.2 0.05 106.1 3.8 916 3.8 3.8 0.01
Glufosinate 103.0 40 992 24 43 0.05 1156 4.6 111.7 29 7.8 0.01
MPPA 110.2 2.1 1004 2.0 1.8 0.05 1039 32 102.1 2.0 3.1 0.01
N-Acetyl-glufosinate®  55.7 6.2 554 44 4.8 0.05 108.5 4.7 1042 1.1 5.0 0.01
Ethephon® 782 55 795 1.1 1.9 0.05 1287 49 929 58 54 0.01
Fosetyl 953 48 925 22 2.5 0.05 989 50 837 32 29 0.01
‘N=5; "N=10.

‘Not calibrated with isotope-labeled internal standards.
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Development of the Multi-Residue Analytical Method
for Polar Pesticides and their Metabolites in Foods

SHU-HAN YANG, YU-TING LIU, SHU-WEI LIN, YU-CHING HUNG,
SHU-HAN CHANG, YA-MIN KAO, MEI-CHIH LIN
AND SU-HSIANG TSENG

Division of Research and Analysis, TFDA, MOHW

ABSTRACT

This study developed a multi-residue analytical method for 8 polar pesticides and their metabolites
in vegetables, fruits, grains, legumes, tea, and vegetable oils using a liquid chromatograph tandem mass
spectrometer (LC-MS/MS) with reference to the European Union’s QuPPe (Quick Polar Pesticides)
method. The target analytes included glyphosate, glyphosate metabolites [aminomethylphosphonic
acid (AMPA) and N-acetyl-glyphosate], glufosinate-ammonium, glufosinate metabolites
[3-(methylphosphinico)propionic acid (MPPA) and N-acetyl-glufosinate], ethephon, and fosetyl-Al.
The sample preparation process involved adjusting water content based on the matrix, adding internal
standards, extracting with methanol containing 1% formic acid (with 70% methanol for vegetable oil),
freezing at -20°C for 90 minutes, subsequently purifying using acetonitrile or C18 adsorbents depending
on matrix complexity, prior to LC-MS/MS analysis. The method employed an Anionic Polar Pesticide
(APP) column with 1.2% formic acid and acetonitrile containing 0.5% formic acid as the mobile phase.
Method validation was conducted through spiking 8 polar pesticides and their metabolites in four
representative agricultural product matrices (apple, rice, tea, and canola oil), and constructing standard
curves with 6 isotope-labeled internal standards. The method demonstrated average recoveries of 55.4-
133.4% with coefficients of variation below 17.6%, except for AMPA in tea at 0.05 ppm (23.7%). These
results meet the European Union SANTE/11312/2021 guidelines. The limits of quantification (LOQs)
were satisfied with Taiwan’s “Standards for Pesticide Residual Limits in Foods” requirements for polar
pesticide residues (0.01-0.1 ppm) and aligned with international standards. This developed method used
the APP column demonstrated reliable analysis of the 8 polar pesticides and their metabolites without
the need for additional column equilibration. It is applicable for diverse food matrices across fruits,
vegetables, grains, legumes, tea, and vegetable oil, contributing for routine inspection to ensure the public
health and safety.

Key words: polar pesticides, metabolites, LC-MS/MS





