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Abstract: Polar pesticides significantly influence agricultural production, with herbicides such as
glyphosate being among the most widely used pesticides in China. The widespread use of these polar
pesticides in the agricultural and non-agricultural sectors has led to the accumulation of their active in-
gredients and metabolites in water bodies, soil, crops, food, and even living organisms. Because
of their unique structural characteristics, highly polar pesticide residues exhibit virtually no retention
on reverse-phase chromatography columns, thereby posing certain analytical challenges. Therefore,
a simple, rapid, and sensitive method to detect multiple residues of highly polar pesticides is urgent-
ly required. In this study, an effective pretreatment method was developed to detect eight polar pesti-
cides in mangoes, bananas, wax apples, and water celery. Accelerated solvent extraction (ASE)
was employed to prepare pollen-based purification material (S—Pollen) with hydrophilic adsorption ca-
pabilities. Subsequently, the spore powder purification material was characterized using electron mi-
croscopy and infrared spectroscopy. The results indicated that a unique combination of chemical func-
tional groups formed during the preparation of the spore powder material , and the material met the re-
quirements for subsequent validation. This study innovatively combines spore powder purification ma-

terials with self-assembled needle-type SPE (Needle-SPE) for sample preparation. The experimental
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parameters affecting extraction efficiency were optimized and applied to fruit and vegetable matrix
samples. The experimental results indicate that the S—Pollen— (Needle—SPE) method can effectively
reduce the use of organic solvents while saving time and labor costs. The combination of the S=Pollen
(Needle-SPE) pretreatment technique with liquid chromatography—quadrupole—time-of-flight mass
spectrometry demonstrated good precision (intra-day precision <4. 1%, inter-day precision <7.0%)
and high sensitivity (limit of quantification (LOQ) : 10-50 pg/kg). Validation results demonstrated
excellent linear relationships (1*>0. 99) for the eight compounds within their respective linear ranges.
The mean recoveries of the eight compounds at 1-, 2-, and 10-fold LOQ spiking levels were
73.3%-116%, with relative standard deviations (n=6) less than 8. 0%. This method was successfully
applied to analyze 20 batches of commercially available tropical fruit and vegetable samples, with res-
idues of four polar pesticides detected in the matrices at concentrations ranging from 37. 4 to 91. 2 pg/kg.
Thus, the pretreatment method offers advantages in sensitivity, accuracy, and selectivity, thereby
serving as a reference for samples from other fruit and vegetable matrices.

Key words: polar pesticides; LC-Q-TOF-MS; S—Pollen; Needle=SPE; tropical fruits and vege-
tables

K25 BAE B E RSO A TR, HATRE SR BUKIE . RIEFAA =TS G, FERh AR 5 A 2530
A VAR XU BRI, — SR 2 ORI M DX O T R A 2 R BA W, IR T A R I A R R R TR
(MRL)"" . BUAT i it & o ol 7 ok T A M I A 25 5 0, (BT s AR M AR 2 AR TS AR AR SR PR .
VAR DL B s AR 1 A 24 T SO RO A B S, AT I R TR A R AR I BR R 2 — XK
PELZHI ) HZ N A, A H B S AR AT HE & 2R A o (kiR . 1338) 54 ERT CRIEY . &
AR =AY EN) PR e RE (B e E bR g R R R IRE) (GB
2763-2026) % & A= b B . BB R ZGHE 7 MRLY . SR, FHBRSEAR AR 24 (IR 2
&) PIRRPERR 2 . KIETER . TCARRES AN, HEAEEE . RENBHREL S 2 A nl g e, 78
WA EXELLORE , 5 2HRIE N IRTE Y BT R 25 h 28 X L o e, ATE L —Hb
FEXFORAR PR ZGR TR E | PR R 25 R AR 7 i

Pl R R ARRNEFFNE, BIINEEE STEm s, S REBLRIC 5L 4, EZ NG
PASTK B S, AFTHAAEES B %, A )b 1) i) 56 5t 22 e RO AR A R 25T R — & T4
Z 5 FAE AR T 2 (1 QUEChERS | mini—Luke FIR R AL H) XP R R 25 0 iR R H AR, T2k H
FEE AR BT, SRS R AL BH 5 - 4 M AH A BURPEL (CAX) | TR G HYRH
B ARG A AR MAX) IR IR S M- — SR HIRAPE(HLB) , (HAEEMN AR B 5 . Fau PR AESS
B PG, 2FERIRIH R RS aR AR AR 2 S S AR AR . sRAR AR 2 BRI 2 R A
HIRTAE T, HAATE P IR B, MRk 2E . IR SRSl AR ik o i AR el R g5y
iR 2y, (H AR a2 . i HITE A2 45 SR BRAE™ . Sonia 55 SR KAVE 35 B HR
M5 T 14 PR R A 24 S AR Y, UESE 1 3R /KAE A A (HILIC) nT LA B2 i ARATAE AL AR AL &
Yy B AR

VI ] AR RAHT SRR T rh s AR PR A 2 R B A ST BRI . Yang S5 RIE 1R FE S =
IR ERI R 4 0. 05~0. 119 mg/kg, Zhang 55> WEill 7 A AEAE S b R H RS AR R B I 3R 0 i, HEY)
AT o A yRANRRT SRR T AR Ve R 2GR AN A B, ARGl A A YR R R A b
FE, IR& A AR B3k U AR A (Needle—SPE ) BT AR A A FH R 608 - DU AR AT — K AT B T) e
(LC-Q-TOF-MS) #i RSB Je B I v 8 Pl Al P A 25 I DR i 2, DA B By 0 £ v 22 2 XU G A
AR A B B R AR R S
1 Xy
1.1 &5

Agilent 1290-6550 i AH (4335 - VU AR AT — QAT B ) 5o i A%, HATWIE 5 ESTIE (£ 1 Agilent 22 7] ) 5
Milli-Q 8 4 7K & 4t ( 2 [§] Millipore 28 7] ) ;5 N=EVAP112 % XA ( 3£ [# Organomation Associates 2y A ) ;
Sigma 3-30K & I i il 25 O ML (FEE] Sigma 24 7)) 5 KDC-40 & 3 0AL (H E PR AR A ) 5
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iR A2 R A A TR A T ) 5 MS204S B F-i i 43 51 R F (Bt Mettler Toledo A 7)) 5
EDS X-MAX50 17 % S48 85 (£ R FEI 2 7)) 3 Nicolet—iS50 BUAH BLIH 2T AN (£ R FEER KA H]) ;
UNICUBE JE 243 WA ({8 Elementar 23] ) ; ASAP 2460 bb 2 1 R 43 B (£ Micromeritics 23] ) o
1.2 #=mE5iKHF

8 PR 2L A Wb S (A E KT 98%, K Alta Scientific 2 7)) . HIFE (A%, |22t seiofl
BAWAR); Btk AR GEEERF/RERAT); /A R (C ) E0EH(45~50 pm,
K HE Agela Technologies 22 W) ) 5 AAAF T4y (I _EifgRTH T AR B AR 2] .

1.3 wREBKHE

HET AR AR 5 (1020, 1) mg, 203 RS, KELZ EESERETIRR, HFERE 10 LA 7

RIS 1 000 me/L BObREERE BT, BT -18 C NBOGHELE; IRk, BE—E R Lk
WERE S, 3 F G B POV R bR IS AR R E I T ik B, BV ARIE TR, T4 C DL
1.4 KIWHZE
1.4.1 BHFSUMEHS-Pollen) WA RG] &SI BEATNIEF(21.202310997864. 4)*,
BAR e R KA Ao BEA T 5B Ae i, B 100 g A fF H 167 mL HEERE ; 7E34 mL
RO R — 2 (H A2 30. 0 mm) , $F R ACHU . HEORFREH BEIR0E ) AR 76 AR 16. 5 ¢,
MEEFCG TR 2 34 mL ARG, B2 E3r BhiE o A A A 73870 2) Hoh 2 E G
DISZHUIL AN . LIRS A ZEBUAR], 7570 CHI10. 34 MPa 254 P ZSAEHL S5 min, HEEZKR2K., Z
J& DIAE 4 T 20 R 60% Y FE RS EA Tk e, IR R AW, K2R BOR N EE 2 250 mL S5
W, FRETRIREOR . WERTUG AR 2R o KRR Z S T RS T 1000 mL
CHE-R-HTR(70 : 28 : 2, PRI )IRGHR, VIHOMBERIE R > 4 R0 . &5, K LRt # ok
FEHMT 60 CT T 120, R,
1.4.2 H@EE PEFREHMIN TR S0, E AR S B BT R E — B ]
B, BRI E A 1000 g0 ATHLAAES AR S350, FRIZ 200 ¢ A 5 H & S
FEOLIE , 2RSSR Y . a2 G E T -18 CHM4 TR, LIIE,
30 d N HintdasE , EBE T ERfr . m2s QAP NG BAREE . o RIEIRS) G, TEIiR
WG AR R BT, RIS DIARAE S o

FRE: ¥%55 gORFHER 0. 01 ) BTAESN 50 mL KO8, BN 10 mL 1%(RF504%0)
FH % R RIS | R e 3 01 o TR 4% L3R5 10 min,  $RZH2 4 250 r/min, L) 10 000 r/min 5.0
10 min, B2 mL LI, AT, H 1oL OIEEE.

#1b: Needle-SPE HH 11~ 1 mLZSFEE . 1ML I EBE 24Ttk . 28 s S-
Pollen 400 mg. FEEEVERT, R 3.0 mL ZHE-/KIREW(90 @ 10, MR )FI2. 0 mL ZAEXT Needle-SPE
R HATIEAL, FEEK 1. 0 mLIRAFSEHBURMANTES 8N, B8 1. 0 mL ZHEVEMGERL, 1.5 mL 2 -
IK-FER(70 = 28 « 2)VEMBEE . WeBEBENiR , AW FEH 1.0 mL ZE-HEE(10 : 90, A&
%, fFLC-Q-TOF-MS /3 #7 .

1.5 LC-Q-TOF-MS 4t

1.5.1 BiE&HE ik Poroshell HILIC-Z 4545 (2. 1 mmx150 mm, 2.7 um); A : 35 °C;
WAIAH: 0. 1% HIRKIEWC M AR, ZBERBAH; FEMEREARRL: 10 pL. BEEREEIT: 0~1 min,
95% B; 1~2min, 95%~20% B; 2~6 min, 20% B; 6~6.5 min, 20%~95% B; 6.5 min, 95% B; {4452 min;
#E0. 5 mL/mins

1.5.2 [RiE&ME ETUH: Dual AJSESI; RAEA & FRNZhEEN £, BB EEN
4000 V. fl HEASMEMZEASES 0. 14 MPa), FHEIRE K325 °Co #HS%: M 11. 0 L/min,
IE 375 °C; TEYE 12,0 Liming FZLEE 145 V; B2 HH87EH m/z 50~300, 7E All Tons MS/MS
TAEBIE T, 0 min REFERER S OV, 2 0.5min 5, L0V HI 10 V IFPhE#EAE 8208 R EH0E
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2 HR5TiE
2.1 S-Pollen BIRAE

G AL AR o 2 T AR RLURE X5 S PETEAL S
W B A e o A SR R R R AR R M T T R B G
BIVER . HRiT, F0k & EKARNR & B A SOk
T ARBRTT SR AN 7 A A B (ASE) 1 5 2t
RS B SRR B RE TRk AR

K F A L 1 S 33085 (SEM) % S—Pollen HFE S5 j
PEATIZE(ILIEN 1), S5 R M B R AT, S " R
SHBFIERBEAURIRIE , B2 (20:0.5) i, 1oy | Slaming oo oy e o eopoin
LW AR EEAS L FLPEMR, H BET M 2 H A spore powder(A) and S—Pollen(B) samples
4.416 0 mz/go IHZ&I‘ , /J\%ﬂ*ﬁﬁ*#ﬁﬁiﬁ]?éﬁé}a Al, Bl: surface; A2, B2: cross-section; A3, B3: cavity
P HbRor 1o REALIRRIRATARIB ) SEM
ME A3 PR, RN EWE TGN GRAZ4 ASE XBUS, Bon P, s B3 i
R, AN ANMAZ SR AR KRR

Ko RAR AT S—Pollen FE ELINARIRLT AN (FT-IR) (B 2) 0T LUE Y, KARFWHKITE S 007 cm™!
LR EN R i b ) C—H MR IR SN, WISk A AR IHIRNS, 20N % 7 2B P %R 3h i
SREERH BN, FIX YA R ERR; 2926, 2855 em™ ZLBIIRE 4> AV R T B 3 (—CH,—)
ASKPBRFIRS RIS C—H g, AL BER 2 50 AR S 5 1 745 e ALY SR ZNHR B A2 N I e i B
M C=0fflg, EZRAMRVIRSNEZ, SMBERNRERGAG, ZIRENEI; 1713 em AH)IRES)Z
B (C=0)MIRIRSN, TIREk A IEEEE R . 1657 e AbBYIRSNE T-HB ZM R 5 F I Y c=C
PRz, 1607 e ALHPREN BBUERIA G AR TEIE . 997 em™ ABIIRSIA N FHRKAL A h i) c—
0—C %, ZNEIEFIARBUCEG 564 95 . S5 REBN, FEb] & A0k Zh RO R P B T 3RO 1k

FHEERAS .
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Fig. 2 FT-IR spectra of lycopodium clavatum pollen(A) and S—Pollen(B)

2.2 S-Pollen—-(Needle-SPE)#2F B4k

BEXPARME AR 2GR AN, ML IR AR P S AR S AT AL S K QuPPe R F Y, TR 1% H
FRHEE(L 99, PRFRE) A I USRS BT AT Tk, 22 AN BT, s 5
G B PRI B, HAE B 452, 0 mLIRBOR (1% H R H EE) BN E] Needle-SPE 3£
W AR EAE: 2.0 mLARBOR (1% H IR EE) 7E 40 CKI FTAARR T, H1mLZIEREEE L
Mo 4 REH, RIREE FAEREW AR I Ak B S—Pollen X 4 14 4 25 HOWZ R RE 71, Fr A B ik &4 04 =]
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WO TE 80%~120% JE [N o Thi BLHE BAEIE, BRfE
HREVE R AR R — & el vERE . Em
AR T MERHO W BRI RE . BT LL, &K 2.0
mL 2B AR TG 1. 0 mL ZHEE % FRE.

W2 i 500 ) 2 2 520 Needle—SPE 20 (1) 55— %
BB, AW RN 100, 200, 300, 400,
500 mg A~ 7] S=Pollen & f¥) Needle—SPE % R i TT ¢ ﬁ ﬁ)
AL, 25 SRR, B S-Pollen TRMIBIGNN, WL

/ A
e TV oy
= etk

L \ MR

SRR E P E T

IR HBRAL S8R, 2% 400 mg@z I .
ey, b tifitae, RHBEZEME, 8 E H
b A DI 5 349386 12 70%~120%, 24 S—Pollen = B
HE— 514 500 mg B, N-Z Bk HBEAQ [l o i %
T 70%, SCERss St — I E T S—Pollen HIZ K ¥ B .
B PRI, A R 2 R R % Ele
A, HePES-Pollen &4 400 mg. * Ty | O .

TE Needle-SPE it B2 H1, kB SURBIR BT B3 Needle-SPESEE (A) . Fitaik) 0 F 14l BEIEl (%
R GBI S B . MRESCRRE, (B FNecdle-SPEHERRAC)
R AR TR AR 22 10 b A [ , 1E/H\:IEEJZ%E Fig. 3 Needle—SPE device(A); surface morphology of S—Pol-

len captured using scanning electron microscopy(B) ;

fky 28, Aok 2 Bl H AR R S AR process of Needle—SPE(C)
Wk R EEREH . S SCERIRIE > >, Ak
1.0 mL ZHEVEMBEE S, 1.5 mL ZHE-/K-HTR (70 : 28 : 2)VE APEME . S—Pollen— (Needle—
SPE) SEES i RN 3 B R .
2.3 UFEHHEHFHMRK

AW %45 7 Hypersil GOLD HILIC(2. 1 mmx100 mm, 1.9 wm). UPLCR HSS T3(2. I mmx100 mm,
1. 8 wm) Al Poroshell HILIC-Z(2. 1 mmx150 mm, 2.7 wm) a3 kERF 8 Fhbf ik ¢ 265 1 43 2 AR B 500 0 . 4%
SREBH, GOLD HILIC A:HI HSS T3 FERYIETEATAR , W TE, iR ™ &, M HILIC-Z {034 3 2%
TN TP R EE 5 B oM, HAA MR HILIC [ 2@ A1, mT AR St 43 2 AR v A B 20
Y. 5 GOLD HILICHEFI HSS T3AEAHEL , HILIC-Z (0 AT X B H B . S B SR e A 25 00 O B R o iy
VETE I (DL 4) , ASGRBEZATHF TG 5
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H/\j: J\ : .
HQ/\P” HO/P\/N\)koH | 1007 -ESI EIC(152. 01 1 8) N-Acetyl AMPA
) b OH . —‘
N-Acetyl glufosinate N-Acetyl glyphosate | E
B N COLTEVPROSIIE ) E 100 -ESI EIC(168.006 7) Glyphosate
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(1)5 20 I
0 ') 0 0 | 1007-ESI EIC( 18() 043 1) Glufosinate
i AL PR ]
AN AN on N0 0 [
OH u | 100--ESI EIC(210. 017 3) N-Acetyl glyphosate
L
AMPA Fosetyl— Al [T | P L S
(0] | 100--ESI EIC(222.053 7) N-Acetyl glufosinate
P\ l :I
HO/\PH/\)]\ Y \/ OH l B T T 1
& | 3 4 5 6
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4 8RR PEAR 250/ T4 (A) SRR (100 pg/L) RIS T & (B)

Fig. 4 Molecular structures of polar pesticides(A); extracted ion chromatograms of a standard solution (100 pwg/L) (B)
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0. 1 mg/L Y 8 Fi R 25 FRiflik LL LC-Q-TOF-MS 7E m/z 40~300 JU B N 47433, RIRES B2 k[ M-

HI 87 S i SR i B oA R B i), ELOZE TR S T, RT3 T3

ZHARAL . REHEREE 5 e VB 40 eV, LI5S eV K, RIS T3 B SRR B 100 E el fe

B GAREMMEEYNEFERE . mNysRERT R, R EMTEREN 10 V. £ ULAT SRkt

RZGH Sy T3, ORI a) AR 2 1555 8.

1 SPMRIEAR LI GRS S
Table 1 LC-Q-TOF-MS parameters for polar pesticides

No. Compound Chinese name Formula Adduction  Theoretical(m/z)  t,/min Fragmention 1 Fragment ion 2
1 Glyphosate T P C,HNO,P [M-H] 168. 006 7 2.88 61.988 4 149. 996 2
2 Glufosinate BB CHNOP  [M-HJ 180.043 1 2.68 94.990 4 136.053 3
3 AMPA 2 H PR CH,NO,P [M-H] 110. 001 3 2.42 44.998 2 61.988 4
4 Fosetyl-Al Z LIRS CH,AIOP,  [M-H] 109. 006 0 2.99 62.964 1 80.974 7
5 N-Acetyl glufosinate  N-Z,BE &4 % CH,NOP  [M-H] 222.0537 2.68 59.0139 178. 063 9
6  N-Acetyl glyphosate N-Z B H M CH,NOP  [M-H] 210.0173 3.10  149.9962 192. 006 7
7 MPPA 3-(HAEpER AR CHO0,P [M-H] 151.016 6 2.66 133.006 0 107. 026 7
8  N-Acetyl AMPA  N-ZBEEE IR C,HNOP [M-H] 152.011 8 2.94  110.0013 134.001 3

2.4 FiRIE

2.4.1 BERMEEM KB (ME) BT SRR REINE S IR . ANSERAE 0. 01~2 mg/kg
T0 ] PN I T R T S Vs RIPR IR T, Wi T 8 PP E AR AR 2 A HE M 2o BV (R HE T TR ME=
(Slope,,../Slope.,,,..—1)%100%, 4IMEI<20% B} 5L RN 555, IMEITE 20%-~50% 2 [1) Ay S5 58 s vy, 1hi
IMEIE I 50% W) Jg T 5 S TR N o 4 PSR Bk 28 I vp 8 Frb A M A 25 I ST 0N 43 0ol A : 4 B -6296~—32%;
PR -59%~—6%; % FE-64%~—4%; KIT-61%~-10%, 7E4FhIEFrh, 8 Fh H bRA 24 1 2 B e il %k
NF, TR A AR PR A 2 S B S ) o SRR O, nTRE SR A B IR AR SR A . AR
AFF 5T R FH L SR VC FCAR I, LA SE 06 43 Mg e 10 T4t

2.4.2 FHEEZMESEETR & 4 PP SRR 2 B R TR R (0. 01~2 mg/ke) , TERAESLIR M
THATIGE . Z5RFEH, SPMRPELR AR LR RR I, MHICRE(F)40.990 8~0.999 9, LIFFEEK
) ] i 2R A 28 3 s E Ak A5 P S RS IR R /KT (Rl WAL R A 70%~ 1209 JE B N, X6 7 ) A X A
2% (RSD)<20%) , i 8 ffb S E TR . & EZEAUKF I E E TR (LOQ) A 10~50 ng/kg( Ul
#2) o ZOTIERI REERO, AT R B AT TR

#2 SFMRMERZGNANES S AMTEE S E B TR

Table 2 Linear parameters, linear ranges, and LOQs for eight polar pesticides

Mangoes Bananas Wax apple Water celery
No. Compound Loos Linear range/ 2 LoV Linear range/ 2 Loos Linear range/ ? Lo/ Linear range/ »
(g (pg-kg™) § (he- (pgkg) " (e- (pg-kg™) (e- (pg-kg™") '
kg™") kg™") kg™") ke™")
1 Glyphosate 50 50~2000 0.9908 50 50~2000 0.9998 50  50~2000 0.9922 50 50~1000 0.999 3
2 Glufosinate 50 50~2000 0.9915 50 50~2000 0.9954 50  50~2000 0.9989 50 50~1000 0.999 5
3 AMPA 50 50~2000 0.9984 50 50~2000 0.9951 50  50~2000 0.9926 50 50~1000 0.994 4
4 Fosetyl-Al 50 50~2000 0.9928 50 50~2 000 0.9938 10 10~2000 0.9944 50 50~1000 0.9943
5 N-Acetyl 10 10~2000 0.9962 50 50~2 000 0.9980 10 10~2000 0.9988 50 50~1000 0.998 3

glufosinate
6 N-Acetyl 50 50~2000 0.9980 10 10~2000 0.9995 10 10~2000 0.9964 10 10~1 000  0.998 3
glyphosate

7 MPPA 50 50~2000 0.9977 10 10~2000 0.9984 10 10~2000 0.9991 50 50~1 000 0.9979
8 N-Acetyl 50 50~2000 0.9951 10 10~2000 0.9994 10 10~2000 0.9946 50 50~1 000 0.9999
AMPA

2.4.3 EWERSHEZE RS E ST T IIFR RN, BOE bR A 1 28010 %
LOQ, #/KFiEAT 6 -FAT55 . A3 ul A, 8k HARL S 7E 4 TP SRET I T 89 [l 4 73. 3%~
116%, RSD<8.0%. %J7ikHIMEREE RARE AT GIUNEFRAE 2K, GEM8 T Lk bn P ARV A 25 1Y
TR E =
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3 AT 8 PR A AR 2 0 BRI AR A bR i i 2 (n=6)

Table 3 Spiked recoveries and relative standard deviations of eight polar pesticides determined in fruits and vegetables (n=6)

Mangoes Bananas Wax apples Water celery
No.  Compound Recovery/%(RSD/%) Recovery/%(RSD/%) Recovery/%(RSD/%) Recovery/%(RSD/%)
IXLOQ 2xLOQ 10xLOQ 1xLOQ 2xLOQ 10xLOQ 1xLOQ 2xLOQ 10x LOQ 1xLOQ 2xLOQ 10x LOQ
1 Glyphosate 109 97.7 88.6 104 95.5 87.2 100 101 102 102 100 92.4
(5.5) (1.2) (4.8) (3.5)  (0.60) (1.7) (3.00 (L.7) (2.4) (3.9 (4.3) (3.2)
2 Glufosinate ~ 90.2 98.7 95.1 114 107 91.1 108 104 103 104 99.5 85.1
(1.9) (4.8) (3.5) (4.7) (3.8) (1.3)  (1.6) (4.3) (1.4) (40 (3.4) (3.0)
3 AMPA 83.0 93.8 101 76.0 83.7 91.4 73.3 96. 4 90. 6 109 98.1 87.7

(1.7) (1.8) (1.3) (2.9) (2.8) (3.3)  (8.0) (4.5 (0.40) (6.8) (3.3) (2.0)
4 Fosetyl-Al 111 97.8 95.3 87.0 96. 8 101 85.8 100 93.5 100 101 82.9
(7.3)  (4.4) (1.2) (0.80) (4.0) (0.90) (1.6) (2.9) (1.6) (6.00 (5.1) (1.5)

5 N-acetyl 93.3 101 100 88.3 102 86. 4 83.6 102 103 101 94.5 89.3
Glufosinate (2. 4) (1.8) (5.3) (5.8) (4.2) (4.3)  (2.3) (4.4) (1.6) (2.8) (4.0) (3.1)

6 N-acetyl 113 104 103 99. 4 92.0 97.4 91.2 99. 1 91.1 116 113 101
glyphosate  (3.4) (4.1)  (0.90) (6.6) (5.4) (2.7)  (4.6) (3.1) (0.20) (3.0) (2.0) (3.7)

7 MPPA 105 97. 4 98. 4 112 103 98.8 87.4 102 112 98.0 112 98.8
(4.6) (1.0) (0.40) (2.7) (2.4) (1.0) (44) (2.2) (7.1) (44 (41 (1.2)

8 N-acetyl 111 95.6 87.5 91.7 96.7 83.7 96.9 99.1 91.5 94.7 104 99.7

AMPA (1.2)  (0.60) (1.8) (4.1) (2.2) (1.7)  (2.3) (2.6) (0.90) (1.5) (2.5) (0.90)
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Table 4 Comparison of methods for determining polar pesticide residues in previously reported plant-based foods

Sample processing Analytical meth- Sample Resu.ilfe énalys.ls LOQ/ﬁ(lp,g' Recovery/% Ref.

od (quantities) time/min kg ™')
Two-step extraction—SPE LC-MS/MS Mango 14 15 10~50  72.3~115 [14]
Solvent extraction IC-Q-Orbitrap/  Fruits and vegetables 8 22 10 84.0~110 [20]

MS
QuPPe—-PO-Method ( Freeze—out>90 min LC-MS/MS Food of plant origin 10 23 20~100 82.0~115 [28]
at-18 °C)
Derivative with FMOC Cl LC-MS/MS Food of plant origin 1 25 10 70.0~120 [30]
QuPPe-PO-Method LC-MS/MS Apple, mushrooms, 3 18 10 84.0~120 [31]
grapefruit
Needle-SPE LC-Q-TOF-MS Tropical vegetables and 8 6.5 10~50  73.3~116 Ak
fruits

*QuPPe~PO-Method: quick polar pesticide method for plant origin
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AR (RIC D AN S B . 18 20 BERETHES HREI 2 4 5k HARA 2, 5REE 4 37. 4~91. 2 pe/ke,
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Table 5 Detection of eight polar pesticides in fruit and vegetable samples
Concentration range/ GB 2763-2026 MRL/

No. Compound Matrix Detectedquantit
’ e (pg-kg™) (pg-ke™)
1 Glyphosate Bananas, mango 3 37.4~40.5 100
2 Glufosinate Bananas, wax apples 2 39.6~91.2 200
3 AMPA / / / /
4 Fosetyl-Al / / / /
5 N-Acetyl glufosinate Mango 1 41.7 /
6 N-Acetyl glyphosate / / / /
7 MPPA Bananas 1 52.4 /
8 N-Acetyl AMPA / / / /
/: no data
—-ESI EIC(168.006 7) N-Acetyl glufosinate -ESI EIC(151.016 6) MPPA
-ESI EIC(222.053 7) Glyphosate p— —-ESI EIC(180.043 1) Glufosinate
Mango —ESI EIC(222.053 7) Glyphosate Basana
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Fig. 5 Extracted ion chromatograms of actual samples
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