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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—Pol-
len— (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 demon-
strated excellent linear relationships (r*>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
residues of four polar pesticides detected in the matrices at concentrations ranging from 37. 4 to 91. 2
pe/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.
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Fig. 1 Scanning electron microscope images of lycopodium
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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

BRI A 25 ER BRI, R R AR S AL S AT AL R 1 S BRI QuPPe ZEHURE Y, TEEL 1% H

FRHEE(L 99, PRFRE) A I3 USRS A BOUT AT T iutb. 22 AR BT, s 5 E
Jo B PRI B, HEE EAE: 452, 0 mL3RHOR (1% H R H EF) BN 2] Needle-SPE 34
By TR LR 2. 0 mLARHUK (1% BB B ) 76 40 “CKB FTRASAM T, M1 mL ZHEEE L
¥, 250, RIREE FREREB IR I AN S—Pollen SRR R ZH WL IFTRE 1, B H bRt &P ]



SR ST RO F AR AR (LD BT — AT ] Y E 4 R SR 8

5 10 Fhigt k2 s

WOREIAE 80%~120% JU A o T B4 EAERT, BRfk
WA BRI R BL — R BRI RE kT

kR
FEAIE T BPRH R ERE . FTBL, B 3 S 2. 0 e
3 > N — —)
LRI VTR 1.0 mL S B 2t

W2 it 550 2 520 Needle—SPE 201 b3 — %
28 . ARBF 5T R 100, 200, 300, 400,
500 mg A~ ] S—Pollen & f) Needle—SPE % i j‘T
WAl . Z5SRRH, FlEF S-Pollen TR IIEIE I, 12
IR H bR S Ec =G, 44 A 400 mgﬂ&
BRI, At iieetase, RIBEWEK, 8Fh
kA5 Wi 9] Wig 2R 24035 R 70%~120%, 24 S—Pollen
HE— 3 BN A 500 mg B, N-Z ks H B4 [l i 6
KT 70%, SEERgE R IRIE T S-Pollen F WL}
FEUE™ S R, A A AR P e 24 3k B d A PR I
ME, PEFES-Pollen H &4 400 mg.

1E Needle—SPE i F2Hr, kBt 5 Beliby Be P H 3 Needle-SPESE(A) . ARATUEY BT RESEIG

SRR E P E T

FERINAEBUR B SRS, RUBSORIIRE, R (DN SERIBIERRCO)
mlﬁj*ﬁ%?ﬁw*ﬁ%%*jﬁmlﬁj ’ 1@;&:3‘3%5&%% 12. eedle aevice 5 suriace morphology o pol-

len captured using scanning electron microscopy(B); process

fooky 2, ks 2 S BE o H R A S AR TR 4y of Needle=SPE(C)
Wk EESEN . 228 SOiRIRIE = >, R0k
1.0 mL ZHEVEAMRBEAE ], 1.5 mL ZHE-/K-HER (70 : 28 : 2)fEHPEMIE R . S-Pollen—(Needle-
SPE ) SEE i RN 3 B R .
2.3 UFEHHEHFHMRK

AW #%5L T Hypersil GOLD HILIC(2. I mmx100 mm, 1.9 pwm). UPLCR HSS T3(2. I mmx100 mm,
1. 8 wm)Fll Poroshell HILIC-Z(2. 1X150 mm, 2.7 wm){Gi#kEx} 8 iRk R 2500 7r B R B R . 45 5R 3%
Hi, GOLD HILIC ¥ HSS T3 AL A AR, e TE, Wi ™, i HILIC-Z fa i 41 3 20 H T4k
PN T B A B 54 B4 b, HA MUY HILIC [ g AH, AT AR b 43 8 AR P T B B 43 A4
5 GOLD HILIC A1 HSS T3 #EA4H tl: HILIC-Z (A iB A0 S 3 . SRS AR M 2 (R R T i, 0
TEHUF(WE 4), ASGEFZFEH TS5 .

I 100-‘—1351 EIC(109. 006 0) Fosetyl-Al

|
H\)‘\ zi_\; | —0-
/ Il
HO OH 0 NHf

100 “ -ESI EIC(IIO 001 3) AMPA

|
|
|
|
Clyphosate C lufosinate | J T T 1
| 1007 -ESI El(‘(lSl 016 6) MPPA
0O, 1
H/\j: JI\ : 0-= T T 1
HO P /P\/N\)k | 1007-ESI FI(‘(152 01 1 8) N-Acetyl AMPA
Il H HO OH
0 OH [
N-Acetyl glufosinate N-Acetyl elyphosate | E ! T ! !
- N O ENPROSEE ) 2 100 -ESI FIC(168.006 7) glyphosate
i 1
(1)5 20 | T T T 1
0 e 0 | 1007-ESI EI(' 18() 043 1) glufosinate
I OarOpts
HzN\/l| SOoH 0 .00 0 | T T T 1
OH P &? | 1009-ESI EI(‘ 210. 017 3) N-Acetyl glyphosate
| W
AMPA Fosetyl— Al | ’ 7“—? ,,,,, | ;
(0] | 100-ESI EIC 222.053 7) N-Acetyl glufosinate
P\ l :I
- OAPH/\)]\ Y \/ OH | B : . .
b ' i 4 s 6
MPPA N Acetyl AMPA | A(’qlllilllon time/min

&4 8FMRMEARZG I 5314544 (A) SHREEFE (100 pg/L) I HE ¥ (i 1& (B)

Fig. 4 Molecular structures of polar pesticides(A); extracted ion chromatograms of a standard solution (100 pg/L) (B)
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HITE o MR IR S4B Rt s R I 18], JRLLZ S TR 1, PR T4l
ZHAL . BEERE RN S eVIEE R 40 eV, LI5S eVIANK, RIEE T SRRER R 8 11 5E et ae
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1 SFMRIEA ) ik BTk 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 W IEERR  C,HNOP [M-H] 152.011 8 2.94  110.0013 134.001 3

2.4 FiRIE

2.4.1 ERBETEM  FEFROY (ME) B 7 LS BUR G S i FIReE . ARSLIAE0. 01~2 mg/kg
T0 Bl PN TG ) B o S i RIbR RIS, e 1 8 P H bR 2 e it 2. FEIORON B T TR ME=
(Slope,,../Slope.,,,..—1)%100%, 4IMEI<20% B} 5L TRV 555, IMEITE 20%-~50% 2 [1) Ay S5 58 s v, 1y
IMEI8 3 50% V0 T 3R B RN o 4 Fh AR ER 28 5t v 8 PR PE A 25 B BE UM 43 0k - B B -62%~-32%;
PR -59%~—6%; % FE-64%~—4%; KIT-61%~-10%, 7E4FhIEFrh, 8 Fh H bRA 25 1 L BLIE B il %k
N, B AR R 25 I R B SR B BN, WTRE SR E PSR RERNER S RA R, A
WEFT R R VS AR, LIS B0} 43 il i 4t

2.4.2 FHELMEEETR Bl 4 PPy R 2 0 FbRERI (0. 01~2 mg/kg) , TERAESTL LR AT
THATIGE . ZRFEH, SPMRPER LR AR, MCRE(F)40.990 8~0.999 9, LIFFHEK
) ] S 2R R 28 3 . E Ak A5 4 PR S VAR IR JRE KT (Ll WS R A 70%~ 1209 Y B 1N, X6 7 ) A X A
7= (RSD)<20%) , i 8 ML S E TSR . & . EEAUKF P E & TR (LOQ) A 10~50 we/kg (Ul
F2) o FTIERIN REERGE, AR RE R T R 2

#2 SFMRMEARZANANESS . AMkTEE S E B TR

Table 2 Information on linear correlation coefficients, linear ranges, and LOQ for eight polar pesticides

Mangoes Bananas Wax apple Water celery
No. Compound Lo 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 50~2000 0.9938 10 10~2000 0.9944 50 50~1000 0.994 3
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 50~1000 0.9999
AMPA

2.4.3 EWERSHEZE RS H ST I IIFR RN, BOE MR A 1, 28010 %
LOQ, #/KFHEAT 6 AT, AR 3wl A, 8 Fh H AL S 7E 4 PP SRETHL T 89 [l 4 73. 3%~
116%, RSD<8.0%. %J7ikHIMERNEE SARE AT GINEFRAE SR, W8 H T L bk bn P ARV A 2 1Y
HETE
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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 (L7) (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) (6.0)0 (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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2.5 HHMAENILE

7R T7 18 5 SCRRARGE W 7 VR E TR L A0 BT, BRI 4 R . FERZTFR AR AR, A7k R
500 T BK 5% F QuPPe—PO-Method 45 45 VUM (6.1 — R B3 (LC-MS/MS ) 1) 5 AR IR £ St 10 FfrdR:
PEAR 20 J7 %8 CGE i FBREEAR50%) ™, [l 5 Yang S5 SR F W 10 TR B AE B LC-MS/MS A il 25 5%
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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 ReSi(,ilfe énalys.is 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 at LC-MS/MS Food of plant origin 10 23 20~100 82.0~115 [28]
-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
2.6 RiztEmath
R AT iR R B AR R B B0 20 R GTRE S (4 FOREEXS BIRRSR) BEAT 1704, SEbmkedn i AR B
B ATEE (EIC ) & 5 FrR o 1220 FEREAR SR E] 4 7h H bR 2y, 580 37. 4~91. 2 ng/kg,
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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 pr— —-ESI EIC(180.043 1) Glufosinate
Mangoes —ESI EIC(222.053 7) Glyphosate Barinas
100 100+
N-Acetyl glufosinate Glufosinate
MPPA
2 p £
= p N *,? Glyphosate
: 3 : a
£ 2 (v Glyphos: 2 \
£ 504 0 slyphosate = 50 ~
E \ £ \
E N £ N L
2 5 '
= <
0 T T AJ T i 0 I ml‘ /\m g 1 1
1 2 3 4 5 1 2 3 4 5
Time/min Time/min
5 SEBRRESL ISR IR ik A
Fig. 5 lon chromatogram of actual sample extraction
LV
3 & it
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