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W R

RAF R 5# B B QuPPe 77 i%(Quick Polar Pesticides Method) » & 2 VA% 48 /& #1
% 7 ] 3% (Liquid Chromatography Tandem Mass Spectrometry, LC-MS/MS) % #7 ¥
& FL o A NBRAE R FIAMRM R B R KA B EEHE R EERENK
#41 (Aminomethylphosphonic acid, AMPA) ~ 55 A 42 (N-acetyl glyphosate)
[¥] #% % (Glufosinate-ammonium) £ # E A #4471 [ 3- (Methylphosphinico)propionic
acid, MPPA ] ~ B #& ¥ X3 4h2 (N-acetyl-glufosinate) * i ¥ % & # (Ethephon) Z 4% %
##(Fosetyl-Al)X % & 7% 8 M B 7 ik o ARBE AT R L RAZ AR KB AR S 2% » Fm
N ARARAE S IBBPA B 1% P EAZ W EE(IE W R H A 1% T EAX70% ¥ BE)3E R > B
#20°C A IR0 4 + #4-10°C 125,000 X s 5-1094% + Ak T A 3L L F5 00 O
RC18H M i#4b > i FES-10454% > £20.22 um PTFEJE B 188 48 ALC-MS/MS % #7 °
AR 77 %1%/l Anionic Polar Pesticide (APP)Jg #7 F AR5 B4 1.2% T BR 2 K FR & &
0.5% T BR 2 LhEAE & 45 By A8 > T RIT o #f i B R 8 A MM R ZE R LR o A2
B VA 2678 NAEZ AT A W 4R EATORE R R M B M IR H P QA ARME B 2E A LR 2 e
B AT R 40,05 ppm i o T e FE 463.1-117.1% 0 % E AR BRI 55
B EARHAT (AMPA)%20.7%48 » FAp Nt 16.1% 5 387 m B 40.1 ppmiF - T3
T F 565.5-131.9% + 4 AR EE DA 41% o IRIFER P % /w0.05 ppmZ AMPA % 5%
FBE KRS 0 IS BR ISANTE/11312/2021 4185 » 2 & 4% Fk(Limit of Quantification,
LOQ) & I i # AMPA 2%,0.1 ppm » JL£2 % 40.05 ppm * T iy & & Bl 84 & &b 7 R 5 R
REBEFAETER > FTHERS HEBARE o AT E200F M £ & BATHER 77 ik i A
MERE  BRYFERT -

RESEE : MR  EBE EBERBY1 (Aminomethylphosphonic acid,
AMPA) « ZEBZER B2 (N-acetyl glyphosate) * Bl E - Bl E K B
#1 (3- (Methylphosphinico)propionic acid, MPPA) - ElFEXH42
(N-acetyl-glufosinate) * WA KRR « IBES  HHEENBRHRERLE

RKE M E LA B 2 B AT b - fiRRE
i#QuEChERS (Quick, Easy, Cheap, Effective,

i ik — B > 7 8 R Log P{EE/)N » Rugged and Safe)fiiEHA L » EHf LH
Bt E Rk Z LB EE 2 R - B TOERBAER ZATEALRE - STIEE RS,

[l

Al
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ARMER B G EEA - SRRE K E R H E
o EERRER - AR R A KRR S E
Rl R BEE AT RE R B Y s Z AR E)
PEmE?  HEEE AR - REREYIES
F A MARAREFET ARl ERE RS E
0.1-2 ppm * BIFEREATELER K H A RIZT E B
EmE Ao LA~ A~ FRRG - S R A
W 7 R A M R R L R [ - A
WA R -~ EBE SR BAETER
0.03-8 ppm (F—) » [MFR T B R A i FL & R
B2 R AN R R50.03 ppm#b - HERRARZ 5
AR EE 550.05 ppm
BRIt R RS2 E MM
15525 B 5= (EURL-SRM) F 20064
#L#% 2 2 QuPPe /7 1% (Quick Polar Pesticides
Method) » HAREE TEIEF A3 R 2 7
QuPPe-PO /51 3 FH H B o 25 R i i P M 2

QuPPe-AO 7 £ Il ik 25 1 5 B B8 LA 2 HoAth
VDAL - AR - LA~ Al e - FLET
e BR {0 PR AL FR VAR AR » R 3R~ BE L
b~ R FOEVE R L% - AR E AR R
R AN T AT E A R T T R T
i e EEREAE R AL S Y E L E (T R
F)2FQuPPe JT IR BT R i R BNV E AL R
f 1 R EE ST 5 43 I HR 201 74 22 B 5E
REE R EE e "R RE T
2 — W R R HAE ) 2 R i T
(TFDAP0006.01)” | K iA20224F 2 B FH i i
B TR R AR BT — R Sk
FE.7 I B (TFDAP0024.00) @ | » R EH 2
[ AT L 93 B Ry B FE 26 L 551k 2 Hypercarb
Je B A K M /E R AH JE AT (Hydrophilic
Interaction Liquid Chromatography, HILIC).Z
Obelisc N » J7i£EZ E & MRE £50.1 ppm ©

x— 2E BERAAZEBYELPEMERERBAITEEE
B SeSHEA Glyphosate Glufosinate-ammonium Ethephon Fosetyl-Al
fepEait FEEEE Il 78 wIERR  RES
BE REER -
BRI E(ppm)  0.1-2 B B B
VAR L & A A A
BV S ]
B RHEERE + Glyphosate * Glufosinate isomers ¢ Ethephon + Fosetyl-aluminium
« MPPA * Phosphonic acid
e N-Acetyl-glufosinate
FERI AT B (mg/kg)  0.05-2 0.03-3 0.05-0.4 0.5-8
VAR AR BB ERARE - BB e R H A
BVt FE o b FE R B RS AMEARESY) - iTEEANCTENY) » B R

FHEBY) - TR HHEY)

HA R EHE * Glyphosate * Glufosinate » Ethephon » Fosetyl-aluminium
* N-Acetyl-glyphosate (D-form and L-form)  Phosphonic acid
* MPPA
e N-Acetyl-glufosinate
TR AR B (mg/kg)  0.05-5 0.4-6 0.05-0.2 1-5
VR L A LA BB ERAR - B - BEEEEE)
B 6 A~ HAPRAERALBY) - S H AR E
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1A AHypercarb & 1 3 M7 A 75 DA 22 9 &
Bz 158 AL HE B = I RE P
Mz z22 BTS2 BB HE - Nawe
FEM S RF RS & 3 M Obelise NEEIRTR
B RATH F-f1(Conditioning) » A 431 HA 8
S (Reconditioning) * A BERETEER
TR MR e BB S E
M TR L B o R A B BE R AR Y 2
ZEBEH SIS s EHEEEE - R
I EE I - NI - A - &~ LA
2'E o s o KIEEUN & A 2 R (European
Food Safety Authority, EFSA)f220234F 7 #55

xR QIR REREAHM ST

iR K R BB S b SRR E 2 2 A
APAGEF - RFE2IE U B 5 AMPA K N-acetyl-
glyphosate™f A » [Rl FL AR 98 2235 B B Rl
Py S rh 2 R R AR SRR SRR - KSR
7 [ERE - gAERR - EES R HAH
VIS A IT(R D) - [FIRF T EE Bl
PR > DAE#hBIFE A -

MFERTTE

—  1REERIR
At BT R T R I T R s B R K

No. BEIFEEEATE (EEAHE) TEH EE] Fefl Tl LogP pKa
I Glyphosate (FEREZE) Frea | EN ) AT 32 0.78,2.29,5.96, 11
Nz RD\P/“‘\"‘N o

2 N-Acetyl-glyphosate ikl AN, /J\ | 2.4 —

Aminomethylphosphonic - /\\j . o
3 acid AMPA &7 o ) -2.76

Glufosinate-ammonium mo=K
4 T T 4 e -3. 8,2.9,09.

() FR B PN \:‘}_{;ﬂ 96 0.8,2.9,9.8

HO

3-(Methylphosphinico) - h‘r‘ o

> propionic acid, MPPA A ° 7= 1.6
e -
6 N-Acetyl-glufosinate K e’ \/I \f — —
CHy
0\\ OH
2= S - )
7 Ethephon A RER)  AERNEHE A N 1.89 4.7
CHy O
ko’ l.l‘o N
e, e H CHy ©
8  Fosetyl-Al (iB#15) LB EN L 2.1 2.82,7.21
H [+]




227

BYPEE PR AR S LAY 2 E R A kR

Zithle ZH5 5 RER-rE o BERE 5
H BRSO s HEERGERT - B ERR
fR AR FE A B3 M RS - (ERZEER
fiz o EENER - FAHERQRRE - HiR
ffE BRI B R ER-20°CHL AT -

—HE

(%l
FR IR B B FE AR (P 98%) » HliE R L1
(ACN)IG R ARG TR - #08 H Merck
/N F](Darmstadt, Germany) © £ &V 2%
#5 — §E (Ethylenediaminetetraacetic acid,
EDTA Na,-Ca)Ef H A ZEMR (FHE98%) - i
I Sigma-Aldrich® /3 & (Saint Louis, MO,
USA) °

() AR
3-(Methylphosphinico)propionic acid
(MPPA) (#li£99.9%)l#% HHPC Standards
/X E)(Cunnersdorf, Germany) ; Glyphosate
(FiF£98.5%)H% H Chem Service/\ F](West
Chester, PA, USA) ; Fosetyl aluminum (i
£93.5%) » Glufosinate-ammonium (i
F£100%) 5 Aminomethylphosphoric acid
(AMPA) (FF£99.1%)%5 % H AccuStandard”
/N H](New Haven, CT, USA) ; Ethephon
(FiE97%) ~ N-acetyl-glufosinate (fifi &
92.6%) Sz N-acetyl-glyphosate (f{l&£95.5%)
7% E Dr. Ehrenstorfer/X H](Augsburg,
Germany) °

EIFIALR A EE e
3-(Methylphosphinico)propionic acid-d,
(f£96%) ~ Glufosinate-d;-hydrochloride
(W E95%) Sz N-acetyl-glyphosate-d, (i /E
98%) i 5 Toronto Research Chemicals
/% E](Toronto, Ontario, Canada) ; Fosetyl-
aluminum-d s (FEf£90.7%) » # H Dr.
Ehrenstorfer/\ & ; Glyphosate-2-"C,"”N
(fiF£99.6%) F N-acetyl-d;-glufosinate

(fiEE100%) » B H Sigma-Aldrich®/2Y
H];Aminomethylphosphoric acid-"C,"N,
d, (fiF£95%) % H Cambridge Isotope
Laboratories/\ &)(Tewksbury, MA, USA) °

=~ {REREN R

() (1% (Allegra 25R Centrifuge, Beckman
Coulter, USA) °

(Z)7K 8 7 (Hei-VAP Ultimate, Heidolph,
Germany) °

E) & E (GenoGrinder”, SPEX
SamplePrepP, USA) °

() FEER & 23 (Vortex-Genie 2 mixer, Scientific
Industries, USA)

(H)Z= BT 7k B H(MIl1i-Q SP Advantage A10
System, Millipore, USA) °

(e R RE TR I AT ER i U RS R (ACQUITY
UPLC I-Class PLUS/ Xevo TQ Absolute,
Waters, USA) °

U0 ~ Bz SR Ed

8 1%l AT
HYFAE£10.20 mL » AT EEE R 1,000 mL -

()& 1% H 2 70% F AT
HYH%10.20 mL & FREE700 mL - BT
7K R 1,000 mL ©

E)E0.5%F 1 2 50% F AR
AT/ B 5 1% FH R 2 FHES VAR DA
121 (vVv)EBRE~ES -

(M10% EDTAIATR
HYEDTA Na,-Ca 13.24 g » DLEBET- /K 17 fi#
#5100 mL -

4~ BEMER IR AR
(RS ENFHA (1.2% FERIATR)
B8 12.24 mL - NEEET- /K 51,000
mL > PAEIEGEE o
CREENEB (50.5%F 2 Z 5 1ATR)
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IV 5.10 mL » 1 ZREH 41,000 mL >
DAVERESETE -

7N~ WEREZE AR 2 Fo s

HI3# & Glyphosate-2-"C_"NZ6IE[F (7 & A
EOREES - FETEREE - R DUEEBEIRS)
BoER10 mLZ BRBEAERMIES » (FlifdE
JR1 » @i iR R BB R - SEGEE
AEEAERE R IR EEZR 100 pg/mL - HE/EFFYE
JF2 » @i AT IR BB AR o BRI 2%
B SRR R2IE G » PLE0.5%F R Z50%
HEEATRREZRS ng/mL - SERINE G B
FREAE AR BO B -

SR iP5 g d e
B Gly phosate S 8 VE 2 5 34 2 A 034 1 5
4910 mg  KEHERRE » 43 BILUEE BRI =)

&= SR REE R H B A E 2 6TR (I
SEAERR G2 BCSUA T

No. Compound Solvent

1 Glyphosate 10% ACN in water

2 AMPA 0.5% FA in ACN

3 N-Acetyl-glyphosate 10% ACN in water

4 Glufosinate 10% ACN in water

5 MPPA Deionized water

6  N-Acetyl-glufosinate ~ 10% ACN in water

7 Ethephon 11:1(1% ACN in water + 1%
8  Fosetyl-Al 10% ACN in water

? (Gllgpail osate -2-"C,°N 10% ACN in water

10 AMPA-"C,"N, d, (LS.") Deionized water
11 N-Acetyl-glyphosate-d, 10%

(1S ACN in water
12 Glufosinate-d; (I.S.") ~ 10% ACN in water
13 MPPA-d,(1.S.% 10% ACN in water

14 Fosetyl-Al-d;s (I.S.%) 10% ACN in water

“Internal standard.

AL 10 mLZ BB E B ER - (FRIR%E
FRL - & AT R B A T © SSHGEE
VAR E R R R 22100 pg/mL - (E{EREHE
JFR2 - AT R B S T o B R R
W SR E K2R S - PLE0.5%HER.Z50%
FRESARMEEES ng/mL » BEOEARANE G
s SBGE SRR G - PLE0.5% M ik
Z50% A EE 2 ng/mL - BEIERR%EH
FRECEL -

N\~ AR R R E R ERIE R4
(IR AT
[ A7 % 52 F Anionic Polar Pesticide (APP)
Column (2.1 mm x 100 mm  particle size
130 A, 5 um) - [EHTIREFAIZRDY -
()RR VB R R
it i DR B85 i 2B T U (Electrospray ion
source) * MEFTEBE T - B EN
JE {5 5= (Multiple Reaction Monitoring,
MRM)ETTHH - B R Z oA 2 BNk
/Y - MRM{EIRI.Z BT 3# 03 1 -

N~ ik BE
GHLA -~ B FLERESE
i LAY R TN e e ) A 22 B 1% - LAY 10
g FEHENE S ERINRER - K
FEHHEEFRS - B0 g @ fEHERE
FUTiessE 5% - BI10 g - fEHEREE -
BERS50 mLEEES - aBEEE SR
FBET7Kk1.5 mL > 2.0 mL » 0.5 mL} 1.5
mL > ik EER10 ¢ 0 fIAS
ng/mL[FE {7 32 N EREEHE AT 100 pLK 1%
FRE &~ VAR 10 mL » SR EE 100
UL K2 10% EDTAVEW 1 mL » DAErs o B
B 21,000 rpmiR 155781k » [R-20°C%
BZEAD9057 8 » 2-10°CLL5,000 * g/ (15
S5 (R A -10°CLL5,000 xgHE0:10
4r4E) - B ETEVR2 mLE 15 mLEELVE
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LC system

ACQUITY UPLC I-Class PLUS with Sample manager

Column Anionic Polar Pesticide (5 um, 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 50°C
Sample temperature 10°C
Injection volume 10 uL
Flow rate 0.5 mL/min
Mobi s e
Gradient program 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 10 90
Analytical time 23 min
MS instrument Xevo TQ Absolute
Ionization mode ESI negative
Capillary voltage (kV) 3.0
Desolvation temperature (°C) 600
Desolvation gas flow (L/hr) 1,000

(N&CI18W 71100 mghz Zf&2 mL ) -
DUE s 3 BUE E 1,000 rpmiE 21 min
#% 0 FA-10°CLA5,000 x gl (35578 » B E
THEW800 nLERMEBECEYF - TMAS
0.5% &2 50% F EEA TR » (HEETEF1,000
pL - AR REGEE - BRI -

i RBARREE KSR RIEEE
HET KRR e - ke k& 'R
10 g » DAFLB B » Hoko &2 R85% @ HY
g 10 gBERRRY - RIZEEURFE & 3E A0
AIN10% EDTAYANR 1 mL » fiA7K 5 0%

RF TR FF AN AN 25 T-7K0.5 mL »

53]

P e U E % - IS g 0 FETERE
T BS50 mLEELE T - IIIAS pg/mL
[E{ R N HE A TS0 LR & 1% 2
70%FFEEIAE 10 mL » B HA80°C/K A
Hoe bk » DLEE o aaEE 1R 1,000
rpmilR & 15538 » fA-20°CI B ZE 9057
0 FA-10°CLL5,000 x gl (35575 - Y b
TEW4 mLEFA 1S mLEEVE (NS C18IR T
200 mg) * DA o3 EUEEE R 1,000 rpm
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RTA - SRR R EAHMEEHEZ 6TAREASITEERZ 2 ERBEAKRKSH(ES)

Ton pair Cone Collision
No. Compound Precursor ion (m/z) voltage energy Internal standard
> product ion (m/z) V) (eV)
168 > 63" 21 19 13~ 15
1 Glyphosate 168 > 150 71 9 Glyphosate -2- 'C, "N
110> 81° 30 12 13~ 15
2 AMPA 110> 63 30 20 AMPA-"C," N, d,
210>150" 16 14
3 N-Acetyl-glyphosate 210> 63 10 2% N-Acetyl-glyphosate-d;
. 180> 95° 28 18 .
4 Glufosinate 180> 63 23 30 Glufosinate-d,
151 >133" 15 12
5 MPPA 151> 107 20 19 MPPA-d,
. 222> 59° 30 15
6 N-Acetyl-glufosinate 222 >136 30 20
143 >107" 15 8
7 Ethephon 145>107 15 8
109> 81° 18 43
8 Fosetyl-Al 109> 63 19 17 Fosetyl-Al-d, s
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, (I.S.) 154> 63 20 25
14 Fosetyl-Al-d ;s (L.S.) 114> 82 21 14
¢ EERETE
fREZ1 minf& > fR-10°CLA5,000 xgfff (257> i o B E7E 2 mLER 1S mLEELE (N
i o BU_EiE 400 pLE A ERELE T & ZfE2 mL)H - DL s B A E 2 1,000
T E0.5%F R 2 50% FH AR » (H#S TR rpmiEEz 1 minfk > 2-10°CLA5,000 xgffE s
1,000 pL » AKYEIEETE - IR - 5578 o B 75800 nLE A T S i (VE
(E)ez o A E0.5% FH R 2 50% FHER A -
gt R 2% - K5 g - FEHERE - FREFEF1,000 uL - AEUEEGETE - HEER
ER50 mLEELET > IIALBET K75 W e

mi RIS KAERRI0 &0 MAS | oy

ng/mL I P LA 100 nLF 2 1% T

FE e 2 B VAG 10 mL » DLl 4 B s FEMERE A2 ng/mLAEHEA W 1-100 mL ~ 5
21,000 rpmiEE 1553614  12-20°CHo B ng/mLAEHEEMEATR2 nLROE & E0.5% F ks
ZE/09053 8 - FA-10°CLA5,000 <l (055  50%FHERATR - BEEER/1 mL - BHEHE
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S B A RAE G BT BB B E RS AT - BUE
0.002-0.2 pg/mLZ fEHEHHR -

+— » BEEE

DI e g2 (Standard Calibration Curve,
SCC) K EE VL i B #% (Matrix-Matched
Calibration Curve, MMC)Z &2 55 EE 3%
& - SFEARE - EEWE%) = MMCZ A&
H—SCCZRER)/SCCZEER x 100% °

+= ~ AR R EE MR

Hi I R B8 2 22 AR BE RS g 5 BILIAL
P ~ AL 22 A RS B R0 g 0
FETEREE » 0 A AR ME AT R R AL R D
EREATR - N RS &5 5 50.05K%
0.1 ppm o it Z2 i B8 AN IR ¥ i %
BRE300 8 o IKATEE L 2 iR ETTSEE R
WidEs - FIREZERE  SrESEERE
] 2 S 397 (el i 3R 5 488 B AR B (Coefficient of
variation, CV) - i3 §E S RE ST B
FE 2 RHE - SHEI10EEREM ZCV - IR
JEE B S 2 [ 0 R R A SRR B M 22 B
SANTE/11312/2021” » rhfE&E 2% f g
ERMLEGE TR iR - DI
Tk e R R MR S TR -

=~ TEMRZ FH

ik Fir 28 37 2 75 1R B A G 4 AT 0 DA
FT 5% 7€ 2 E & Bt T 2R AR B AR 2 LB (S/N
ratio) =10 » 7 ME#E T2 AR B2 FLAE(S/N
ratio) =3 Z i KR INE » Al SR EL
3 R S BCESANTE/11312/202 1 FERE
5 Ry E R -

TR EET R

—  HREBEZsED TR
AR F BE R A i i & MRMAE U (H

H - HiBERE T (Precursor Ton)fA i % (Collision
Cel) LA R 77 T hill & - W L 5y i P it 1
(Product lon) » #&55 —BYE & 53 f s (5 &8
ZEVIEET - DUERS R AREREUE - AifF5ELL
HEER TR Y VB R LRSS
TR - BERFEN IR 2L - (EHIBEEE+ PP
B A B2 e B i - By
S H AR50 < 2 V)t UF R MRMAE HI B
T« PALC-MS/MS/ A i AT HE i - DAEHaE
L EVIEET R E BT DR EZ
FEVIBET o 2 B35 - STE M 4 R 2 R HAR
) B I 2 6T [RI V38 N BRI L & E B K
EEBET AR
Z BthEHRIE 2 EIE

2% Jonatan Dias® A ZHfF7e"? » [hle R
[ER K E TR © £95 Obelisc N * Anionic
Polar Pesticide (APP) Column * HILIC-Z * Polar
X FePorshell 120734 Bt e L BB TP 57
BRZEF 14 SR EEE - DIAPP LAt
SN . 8V M R EE R AAEHY) » #5800.9%
FERATE R 3 0.9% F R 2 ZIB AR AE R &)
FHEE - BR T N-acetyl glyphosatelPA9h » ELER7IE
AR BRI R R 5T 5E i 2E K
MPPARF - TETEREE T B /R B2 Obelise N HE
S B2 B E T - BT SEEEAPPE
FEAETT G - AT R OF R B 3 22 B I 22 Z B
BHEE12. 1 QuPPe-PO.Z /1.6 b (FEMM) » LA
1.2% R IA TR B 2 0.5% B 2 ZHE A TRIE Ry
REEIAE - Al 5 AT A 57 B 8 T A 1 JR B F HLAR
YIRS, - EAT AR — -

= BIRIERECET

SR 12.1FIQuPPe-PO /7 1= R 63 .2
fQuPPe-AO 5 Y » AT A 1 2 il g P 7
FRANE = - WLA ~ B AL EAEEE R
HGEFE R EESMNRT10% EDTATAW @ (R REtR
EMESHEEEE B TES B
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RIECR < AR5 FEEQuPPe i i EEFHIS T L EERE
BB LI - B BTN 22 mL - RIS QIE M [ R B8 e HAEH VIR 6 B V) B2
(bl EE o M B B SN Z 2 BB EMRE = (A) 0 BT mUUE
2 mLFHb - B E Ry B E R PH 280.22 pm £ % (Ethephon) A &% FL 8 Hh 2 BLE % JE
LRI - By + 20% - BB > HEr7THE
S —— S T o B R 2 T
PO~ EEEST W B © FEPE%(Glyphosate) » 5
()8 TE i [ 2 2 K AV iR o X B P B PEFERFH Y2 (N-acetyl-glyphosate) »
1.74
100+
110 > 81
o lAMPA m/z 110> 8
O T T T T T T T T T T T
2.00 4.00 6.00 800 1000 1200 1400 1600 1800 2000  22.00
2.12
1005 m/z 180 > 95
o Glufosinate
L L e B B L L B B I B B s B s By s B
2.00 4.00 6.00 800 1000 1200 1400 1600 1800  20.00  22.00
1004 2.9 m/z 151 > 133
b r{MPPA
L L L L B L L L B B L B B o o S L R s RS Ly R
2.00 4.00 6.00 800 1000 1200 1400 1600 1800  20.00  22.00
3.21
1005 m/z 222 > 59
ES N-Acetyl-glufosinate
L U L L B L L L B B B B o o s L R s RS ey R
2.00 4.00 6.00 800 1000 1200 1400 1600 1800 2000  22.00
3.73
1005 m/z 168 > 63
ES l Glyphosate
0= LA RN I IULILL I UL I ILLILLE UL SULIULE I S UL UL IULLLN SIS LA SR I SIS IR B
2.00 4.00 6.00 800 1000 1200 1400 1600 1800 2000  22.00
6.23
100+ m/z 143 > 107
] Nithephon
L L e B O I L L B B b L B s S B M By s B
2.00 4.00 6.00 800 1000 1200 1400 1600 1800  20.00  22.00
9.07
1005 m/z 109 > 81
] /\Fosetyl-Al
07 IR AL I I UL I LU LIS LRI SUSIULE I B UL UL I LI LA BRI LN AL I B
2.00 4.00 6.00 800 1000  12.00 1400 1600 1800  20.00  22.00
14.49
100- m/z 210 > 150
X /\]\/—Acetyl-glyphosate
O e == Time

" 200 400 = 600 800 1000 1200 1400 1600 1800 = 20.00 = 22.00
B— » LILC-MS/MS531100 ng/mL AMPA%8IE@I 4 F2 4% & HAXHIMAR4E 5.2 MRME T8l 3%
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i 5g | | g 5g [ ~¢ 10g [ polog | #410g |  F10g
I |
PR St d g K
7.5mL 15mL | 20mL | 05mL | 15mL
I I

F 4v 1% FA 70% MeOH

10 mL 10 mL

/?]* 4v 1% FA MeOH

7 4e 1% FAMeOH 10 mL » ¥ % 4c FA0.1 mL

I
80°C -ki# 4 min |
T

I
| 7 4c 10% EDTA ImL |
I

1,000 rpm % i# 42 3F 15 min |

I

I
20°C i i 90 min |
I

-10°C » 5,000 xg#t~ 5 min

-10°C > 5,000 xg
.o 10 min

I
B 4mL g 1SmL g §

I
B~ ik 2mL BT 15 mL 4

(% CI8 s ¥4 200 mg)

(3 ACN2mL) |

(# CI8 = *¢#] 100mg 2 ACN 2 mL)

T

1,000 rppm % i# 4= f 1 min |
I

-10°C > 5,000 xg &~ 5 min |

P~ b i 400 pl o e~ 0.5% FA
50% Me OH 600 pL ;& 3

B~ it 800 uL » 4e » 0.5% FA 50% MeOH 200 pL 2 3

0.22 ym PTFE i35 {5 » 12 LC-MS/MS A % |

B - cXREEE PRIt RER AR S ERE I A AIRIERRE

W EACE Y1 (MPPA) K [E 7% AR 972
(N-acetyl-glufosinate)H522.9-51.66%. %
B M EAEH Y1 (AMPA) ~ EH#%
#(Glufosinate) & g 2 {5 (Fosetyl- Al HI[
23.6-91.6%. 2 EEE I - HA S DAFEWE2E
R (AMPA)Z BB HI i s B3
LA R EE RN FE B SRR R F R
JESN » fEHEREE R 2 BB I f32.3-
91.6% -

(C) AT {7 & PN EO AR HE L i TE % 2 BB K
&
FH A #5432 (ethephon) 2 B2 E SUE T
NEHE - HQuPPe 7 HR 5 [ S A
Y122 NAE(N-acetyl-glufosinate-d,) P REE
7K fiA G Ry [ % 5 (Glufosinate) AN HE
BEUESME » RIRE IORT 82 55 A R
i EEROIERA10.05 mg/kg B 2 [F(7
PERIFHE LI IR 1% - BB SUER/NA +
20% » 2@ =(B) °

F ~ FENE B R E 2R

e L BB PR AR E - AWFSCIRN10.05
J20.1 ppmZ 8VEMR 4 = 4E kr HACEH Y I b g
W MRARTEST Z S AT IRARE AT HERR - W AE6
TA[F] 7 32 NS IE Z R HE A E T E & - 150
HH AR r(H B AT 52£0.99L0 b FFEHERGRE 5
BN R E 2 PRI 163.1-131.9% »
i BLARE AR T T -H0.05 mg/kg.Z AMPA By
20.7% » HERE/INR16.1% - FEAE 2 /)N
R14.1% (FRAKRFELD) -

MESGHE IR KR B2 i L2 ek 7%
CHESRE - B EARM IS ERE S
% B REE ST 2 R RN 258
HISANTE 11312/2021 7 fERUH & - A% BLAR
F(CV%)/INA20%ZFTHE T » [EICEREIE TR
30-140%INF & L MEROR & - A &S
Z 8TE M R 2 K HARE Y 2 E R R T
it 2 AMPA 0.1 ppm » HARE5)%0.05 ppm
Bl R R~ B K H AR Z B S AT



234

(A)

Matrix effect (%)

60.00

40.00

20.00

0.00

-20.00

-40.00

-60.00

-80.00

-100.00

(B)

Matrix effect (%)

60.00

40.00

20.00

0.00

-20.00

-40.00

-60.00

-80.00

-1

00.00

RSV BT

e &
‘oo‘a’sg é\(‘@
O
© o e & .
& \a & B v & ° N
& & o $° & o & &
¢ ¥ & & S & <& ©

o ARl _Elmn_ o [

N\

B Honey BEBeef MLiver EBMilk COEgg MLard

2
o"’&
&
& o & N
& & & N
& @Qv ¥ & & &
o § S & X &
7 7 7
— Z - FEm—— @ X
Smoug Sl =1 g~ =

B Honey BEBeef MLiver OMilk OEgg M Llard

B= - TR RER A RH NS MEE P2 EEXEA) KU HE Z6IERUEASIREMRERZE

BERE(B)



235

BYPEE PR AR S LAY 2 E R A kR

N~ SIRMNEREE R EACHANEE ~ BEB R AR R 2 TG IR R 8 AR 8

Honey Lard Beef
Intra-day” Ig:;; Intra-day” I(l';;f;;— Intra-day” Ig;;:;—
Compound 0.1 0.1 0.1
0.05ppm 0.1 ppm ppm 0.05 ppm 0.1 ppm ppm 0.05ppm 0.1 ppm ppm
Rec. CV Rec. CV CV Rec. CV Rec. CV CV Rec. CV Rec. CV CV
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Glyphosate 1114 84 1169 109 9.7 110.1 871095 6.7 59 1020 7.0 958 4.6 3.9
AMPA 85.6 7.4 80.7 10.8 11.9 97.1 39 982 25 32 989 16.1 89.5 3.0 3.7
N-Acetyl-glyphosate 843 59 934102 82 97.1 481033 56 43 1012 49 946 100 7.1
Glufosinate 63.1 10.0 89.9 94 127 931 39 956 49 4.0 1103 12.6104.8 53 438
MPPA 933 12 999 0.8 20 965 28 988 0.8 24 1171 9.61079 1.8 3.1
N-Acetyl-glufosinate®  107.8 7.5 131.9 3.1 6.6 951 1.8 96.0 2.1 19 700 34 706 2.7 79
Ethephon® 109.7 5.1 1046 2.5 57 96.1 3.1 965 24 43 715 19 68.0 40 72
Fosetyl-Al 76.6 10.5 853 5.7 55 888 26 924 23 22 101.0 150 922 2.7 28
* N=5; "N=10
¢ RIS INIRIRL 32 AR R
xt  SEEMRERERBEHYANNT - EREHZFHERRLERRE
Milk Egg Liver
Intra-day” 1(111:}:;- Intra-day* Ig;i/rb_ Intra-day” Ig::;-
Compound 0.05ppm 0.1 ppm ) 0.05ppm 0.1 ppm ) 0.05ppm 0.1 ppm )
ppm ppm ppm
Rec. CV Rec. CV CV Rec. CV Rec. CV CV Rec. CV Rec. CV CV
(%) (%) (%) (%) (%) (%) (%) (%) (%) () (%) (%) (%) (%) (%)
Glyphosate 106.6 7.7 1009 7.2 7.7 1057 8.0 992 56 7.1 967 421016 112 84
AMPA 80.8 134 87.1 62 52 975 43 99.0 32 3.6 843207 77.0 141 14.1
N-Acetyl-glyphosate 96.1 6.0 928 5.1 49 954 141041 80 7.8 920 34 938 38 35
Glufosinate 90.2 2.5 883 2.5 3.7 1005 3.0 975 19 25 973 41 976 62 46
MPPA 101.6 2.6 977 32 29 966 24 975 38 3.0 101.8 201025 19 27
N-Acetyl-glufosinate® 923 05 91.8 14 18 764 47 746 25 33 79.6 1.7 783 24 22
Ethephon® 899 6.1 894 48 44 699 1.8 68.1 1.7 43 689 22 655 23 23
Fosetyl-Al 883 3.7 90.0 25 39 945 47 950 28 26 904 34 884 14 24
* N=5; "N=10

¢ RURINIFICL 38 P SERAE



236

RSV BT

IE

P AR R A -

7N D EEMETT A E A EERRE

RERREATT RN E SV E M ERIE -
AW R EI I 2 Fif i~ BIUE - K
B RV o EACRPER R A 20 EM - &
FE21FHENG (248 T R AR ) ~ 3PFIRER ~ 41F
MAEH 15 5 ) 2 FABRGE A0
FERT) ~ 3PFAAL RS - A R AR
BN - 1 ERE B > DT
Ttk o fERGREH -

‘_[

=
A af

AR 2 B s P R M R AE R AR
WYL EEE S AR AZEE - R
SHTRIN TR RERE - - BN S - RXIE
R TR TR E - L& 6TH N AR 2 R e
FREN AT RIS 2 ~ .~ AL ~ PG ~ B RG R
e T o XEEN ) L R 5 5 1 2E T 8 TE A [ R
Fe HAREY) » BTG B R R b B e
HERT Al 7B ZEARHY1 (AMPA)ZE&E
R E50.1 ppm » HERE A T E2£0.05 ppm © A&
TERARREEZEM - Esmils - &’
BRI R AT - DI R i 4 2 R B R
)% o

ZENR

1. Loépez, S.H., Dias, J. and de Kok, A. 2020.
Analysis of highly polar pesticides and their
main metabolites in animal origin matrices by
hydrophilic interaction liquid chromatography
and mass spectrometry. Food Control 115:
107289.

2. Verdini, E., Lattanzio, V.M.T., Ciasca, B.,
Fioroni, L. and et al. 2023. Improved method
for the detection of highly polar pesticides

3.

and their main metabolites in foods of animal
origin: method validation and application to
monitoring programme. Separations 10(1): 44.
Anastassiades, M., Wachtler, A.-K., Kolberg,
D.1., Eichhorn, E. and ef al. 2023. Quick
method for the analysis of highly polar
pesticides in food involving extraction with
acidified methanol and LC- or IC-MS/MS
measurement - . Food of plant origin (QuPPe-
PO-Method) — Version 12.1. EURL-SRM.
Anastassiades, M., Wachtler, A.-K., Kolberg,
D. 1., Eichhorn, E. and ef al. 2019. Quick
method for the analysis of numerous highly
polar pesticides in food involving extrac-
tion with acidified methanol and LC-MS/
MS measurement- I . Food of animal
origin (QuPPe-AO-Method) — Version 3.2.
EURL-SRM.

R R A R A ZE M E I - 2021 © B
rh iR B B A e U vk — M AR B R LA
VI E B 5 - 11089 11 H AT
BIE -

wAERAE Y EHE - 2022 -
R R R B T i — AR R SRR 2
B - 14E5 H27H AT -

Loépez, S.H., Scholten, J., Kiedrowska, B. and
de Kok, A. 2019. Method validation and appli-
cation of a selective multiresidue analysis of
highly polar pesticides in food matrices using
hydrophilic interaction liquid chromatography
and mass spectrometry. J. Chromatogr. A
1594: 93-104.

Alvarez, F., Arena, M., Auteri, D., Binaglia,
M. and et al. 2023. Peer review of the pesti-
cide risk assessment of the active substance
glyphosate. Efsa. J. 21(7): e08164.

European Commission Directorate General
for Health and Food Safety. 2019. Guidance



237
BYPEE PR AR S LAY 2 E R A kR

document on analytical quality control and food and feed (Poster). 14" European Pesticide
method validation procedures for pesticides Residue Workshop, Bologna, Italy.
residues analysis in food and feed. Guidance 12. Dias, J., Lépez, S.H., Mol, H. and de Kok,
SANTE 11312/2021 v2. A. 2021. Influence of different hydrophilic
10. f AT B LY EHE - 2021 - &4 interaction liquid chromatography stationary
(b2t U7k C MEROHE - 110211 H 1 H phases on method performance for the deter-
NHEILE - mination of highly polar anionic pesticides
11. Dias, J., Lopez, S.H., de Kok, A. and Mol, H. in complex feed matrices. J. Sep. Sci. 44:
2022. Comparison of Hilic columns for deter- 2165-2176.

mination of highly polar anionic pesticides in



238
RSV BT

Development of a Multi-Residue Analytical Method
for Polar Pesticides and their Metabolites in Animal
Products

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

Division of Research and Analysis, TFDA, MOHW

ABSTRACT

In this study, we developed a multi-residue analytical method for 8 polar pesticides and their
metabolites, including glyphosate, aminomethylphosphonic acid (AMPA), N-acetyl glyphosate,
glufosinate-ammonium, 3-(methylphosphinico)propionic acid (MPPA), N-acetyl-glufosinate, ethephon and
fosetyl-aluminum, in animal products such as honey, eggs, milk, muscle, viscera and lard using LC-MS/
MS. Based on the QuPPe method published by the European Union, polar pesticides were extracted from
samples by methanol containing 1% formic acid except lard matrix of which 70% methanol containing 1%
formic acid was used following water adjustment and isotope-labelled internal standards (IL-IS) addition.
After freezing out for 90 minutes at -20°C and centrifugation at 5000 xg at -10°C for 5-10 minutes, the
extracts were cleaned up with acetonitrile or C18 absorbent depending on the matrix, then analyzed by LC-
MS/MS after the supernatant was diluted 5-10 folds and filtrated by 0.22 um PTFE. In this study, eight
polar pesticides and their metabolites were well separated using an Anionic Polar Pesticide (APP) column
with deionized water containing 1.2% formic acid and acetonitrile containing 0.5% formic acid as the
mobile phase. Using solvent-based calibration curves with 6 isotope-labelled internal standards (IL-IS),
the validation results showed the recoveries of 8 polar pesticides and their metabolites in 6 animal matrices
were 63.1-117.1% at the spiked level of 0.05 ppm, and the coefficients of variation were all less than 16.1%
except that of AMPA was 20.7% in liver. At the spiked level of 0.10 ppm, the recoveries were 65.5-131.9%,
and CVs were all less than 14.1%. The above validation data of 8 polar pesticides and their metabolites in 6
animal matrices was in accordance with the SANTE/11312/2021 at the spiked level of 0.05 ppm except for
AMPA in liver. The limits of quantification (LOQs) were all 0.05 ppm except for AMPA in viscera which
was 0.1 ppm. This method meets the requirement of residue limits in Taiwan and also in line with most
international standards. Using 20 commercial animal products to verify the applicability of the method, the
results showed that all samples were in compliance with the regulation.

Key words: polar pesticides, glyphosate, aminomethylphosphonic acid (AMPA), N-acetyl
glyphosate, glufosinate-ammonium, fosetyl-aluminum, 3-(methylphosphinico)
propionic acid (MPPA), N-acetyl-glufosinate, ethephon, Anionic Polar Pesticide
(APP) column, LC-MS/MS



