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ACMO-co-DVB-co-NVP@MCM-41 iy #ll &
H7E 5L 2 < 7 B R R ZE B A Ay Bz A

BB, W FW, I

bR KRR EAFRA SR TR B EHE

N KN, 2= A4

AT EEEE/

R#Fm L5 & Ay s €8 58EE, KX 430070

WE ORI AR R TR 7E MCM 414

LR TR G — M (DVB) N-L4FE

LElR (NVP) F1 4- B Mk (ACMO) , 53] ACMO-co-DVB-0o-NVP@MCM-41 448} ; % T 4348 i, 7 0 il Al
S AR ET AN G IR S BTSN, - R SR R B A T B AR EA T T A 5 LAAZ A A 45 91 A A HUAE B
3, SR FH B AR GE IS SO i - A 8 5 L f 57 T 9L 5. (Vigna unguiculata (L.) Walp.) "R Z B v

H BRI 3 R EA 2 R i . 4
F0.99, B K 1.71~18.79 pg/kg, 5 it

ZER SR AERAL ST 3R 2T I M DC R AT UL REUI KR
IR 5.71~62.63 ug/kg, 3 A LG9 bR ERF N 84.4%0~116.1%,

HARSBRAEDG 22 A 2.200~7.5%0 0 G5 RIRWY %07 8 HAT B 09 RABUE R PEAN AT SEE AT LA L IR e 51

Fp A 24 ) B KB B B A
KA
hESZES  0657.3; TS207.573

Ul & (Vigna unguiculata (1..) Walp.) &% A F &
B A B 1 RS B AT R YRS 2
PR RN B, TR
WEVEY) AR R AR Pl B 32 B e | R S R 5
MR o T4 R B NS AR 2, 4
RGHEHAY, S REEL G R R 4B B L2 i
b, XA TS S . TR FI 2L 2R X 4
F AL O3 TSR R PR 38 22 S K, R IR R Ak 24 5%
B A I 3 A RS LA o [T A 5 2 B (solid -phase mi-
croextraction, SPME ) i H Hif & HI % R 55 4k 24 5k B3 A6
T AL R AR AT R B R e R
HEEOL A H BT TR 245 5% B A I 1) SPME T 2
K XA AE 55 1) f%*ﬂqjﬂi@?ﬁ?ﬁfﬂﬁzﬁmxﬁ%?
U R TR A 24, U2 1 R R LA

5 K 3% g F (hydrophlhc—hpophlhc balance,
HLB) ok & —Fp BA & R AR A LR G,
St = M FEK (divinylbenzene, DVB) Fil N-2, 4 3
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KRRV URL 5 A-TNIRTHEND N 5 [ETAR AR I R 25k
SCRRARIRED A

RN Rl Ve
XEHS  1000-2421(2022)05-0257-09

M 1% 52 i (N-vinylpyrrolidone , NVP) 5 A 1 i, , He
DVBAE N Hi 7K S Bk BT LUE i HLAT w5 P9 2 ALY
B IR BRI T A W, NV P AR A 55 /K B A a1 b
S SR A M R AR LB ks A9 35K %
JE R At A Sy — b AR B 50 ) 92 4 ok
8 22 14 BIF 9 A3 0 K HILB 0K KG & 78 SPME #£ B
Sk, T KL ] Aot A IR AR 1 Ak M AL A
Wy, TSR 2 4140 O A2 . FST I KR A
Y DVB-o-NVP H1 NVP (1) b A7) 7] DL 8 28 A 4 %
Wt B A W B RE 1000, Sk T R — 2 B LB 0k:
(AR A B A M M SR () T e S ik . 2834 T
FE S0 S W TAE B, 51 B LS 18R mT LA
T HLB AR 4 4 5 ) AR BB
MCM41 & — 2 R FLEEA B, A 8 m i
PR M B Y H R TR (700~1 500 m*/g) ST
PO E R BIR ) FLIB 2548 3 — HLn R A FLAE (1.5~20
nm) FRFLER (0.6 em®/ @) 2545 17, H W AE g Wiz ot

g = A R AR B 55 3% 4 391 (2662020SPPY015) 5 14L& £l BF 52
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FUE T PR, 0 B P B A S DVB-co-
NVP RA R R 5] A MCM-41 4 FLEE: o] fig 2 7 1 68
R WA 0 ] s 185 SRS W Y b R T AR, AT
SEROGTARC P FRAR AR AR ) 104 [R] I A5 HURE T o

K Z | e @ JERT I i AF BT 57 4R 24 5 B R
T 28 W PR B R b B0 L K R
(logP=—0.04) F12K Z &k (10gP=0.60) Ay & P55 5%
fdi F SPME J7 3 A6 0 4 SCHRAR 20> o PRLIE , AR5 DA
DVB  NVP 1 4-1A 4 5 12 bk (ACMO ) b T BE 514
TE MCM-41 4 Lk i sk 2 18 2R 4, 75 3] ACMO-co-
DVB-co-NVP@MCM-A1 #i #4 ¥t 5 8 1% #4 K 1E K
SPME U J2 b8}, il 28 2 Bk, 1) 422 [ AR B2 B
¥ (direct immersion-SPME, DI-SPME) 4% & S #H {6,
ik - W K I % (gas chromatography-nitrogen phos-
phorus detector, GC-NPD) & 37 5T 57 v 3 Ff e 2 5% 7
153 AT 7 1%, LA A2 ST 52 rh R DR o 245 1 A T
K, B AR A UL T 24 245 5% B R E AR BRI A 1 40 A
FRBEHR S
1 MRER=E
1.1 R EEF

FINGR PSS i b e QiR I R IR TRV 3
Ay, WEE JoK QB 2R O oK il
oAl W A E 2 A AL AR A IR A BT SR
TR 4 (PDMS) e g A1 56 [ 18 Bl 7 A A
DVB Ry fral, W 8 bRz T A AR i A FR
23 F] s N-VP 4-P a5 BER bk (ACMO) 21 24 23 #r 48, 11
H B2 SO AE AR IR A A s A = TG 2,
2'-azobis (2-methylpropionitrile) , AIBN | I [ K i
Y62 G AL T W5 B s waters Oasis HLB R AHZE BU )N
FE (3ce/60 mg, 30 pm) W A LM A5 5 AU AR AR B AT o
K % Jg (methomyl, 99.0%) . % A J& (carbofuran,
98.6%6) . K I i (cyromazine, 98.1% ) W F I ¥F 4 2}
It o IR K R AlK
12 UF5&EE

SP-7820 %1 AH € % A (TE & 2 W A I 4%
NPD) , th1 4 4 3 i i b T A7 BRZS 7] 3 N2000 € 1% 45
I TAES WL R IAE R TRARA A ;0V-
1701 B 445 AE (30 m<0.32 mm < 0.33 pm) , 2=
PHEZRDR A RA R CT-1 ARV R A2 UK E
fir R DURHCE: AL A R 2 7] s KQ-300DE A1 Ei%
AP VR A L B LT B R A RS W) s DF-101S

AR IR IR ARG Tk g DU )RR
AR B2 THRAH , Bl — TR PR
] 3 SU-8010 B 7 & G 4514l 7 S U, R ERF AN
A R W) 5 1S50 B ST 2T AR5, F5 M B84
e TARRHE A R 5 TG209C AU HFAY , 75
T} 5t A 2 1 3 A PR 23 7] s ASAP 2460 #1 L 3R 1T 5 £L
Wi 5 43 BT 4%, H & Agilent Technologies 28 7l o &
RNIETRBEABCL (PA, 85 um) , F [H Supelco 24 A .
SEEEE [ il Oasis HLB £ Bk (85 pm) 2 2% SCiHk[ 6 ]
& . NN (E#R 150 pm) , I E 5 4 8 #
HBHE .

SMEEEN. DRAgARIRR, HLE
0.055 MPa, %5,0.035 MPa, &5, 0.030 MPa, B <,
0.045 MPa, N3t . HNERALIR 2.29 Ao AR T+
I W HR IR 160 °C, LA 2 °C/min THIR % 170 °C, LA
10 “C/min F+ i 2 280 “C, £ 4F 5 min, FEFE 1R B
280 °C,NPD #a Il #i 2 290 °C.,

1.3 BREMBHFE

1) MCMAA1 3k 09 61 #5 o R K #4032 & il
MCM-41 73k, B BRS %Sk 11].

2) ACMO-co-DVB-co-NVP@MCM-41 ¥ ¥} #
Hil o 18 = R A 45 mL ZiE AT 15 mL H %
(VIVv=3:1DIRAG I HERH 30 min, ¥ DVB,
N-VP Hl ACMO #% 9 5 () 4 3:1:0.83 [ EL il in A
FNRA R L FAA 15.00 mg AIBNAE R 5| & 57 7]
BFAIA 0.60 g MCMAL Bk . & T 70 “Cllig i il
oG R AT H R EER A RN, IFAE 600 r/min B 5%
PR PN 24 he SO 25 RS g , OB S g
REY . ¥xIREYWHKERBKMOBEEEG,
e 80 CF E 23 T4 24 h, B3 ACMO-~o-DVB-co-
NVP @MCM-41 #1%}

1.4 ZFEESLMHI&

NN 22 A B BAOE 228 Sk [12] . M
FI PDMS i 1 0 K A 5910, R B B2 A A 10 ol 45
ACMO-0-DVB-co-NVP(85 pm) \MCM-41(85 ym)
A1 ACMO-co-DVB-co-NVP@MCM-41 (85 pm ) % Bt
Ko BIRE TN AERCLE T TS TR 120, %
BT SPME 2 # b |1 A T TE A SR T GC
HERE T A 2 h, B ARTRE R 280 °C.

1.5 BRAIEH

JH B 53 0 B K 22 B L 5 R K W e A 24 Bk

W, B MR A 20.00 mg/L, 1E — 18 “CUKA R A7 %
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FH o FH R A B BRI A5 1.00 mg/g B IR A bR ETR
W1 T[] 22 Bk 22 BURE 7 L #0305 A 2 10.00
mg/g MR G AR ER TR 2 T 28 BUR AR A AR AU
T3 AL — ZR 50 e B TR AR v R R i [l
IR A
1.6 SPMER1E

T2 56 1170 590 SR FH B — (A A 2 i R A A
X S BT AT S 1 5 A A v e B AR
A R E & ALK DISSPME/GC-NPD #3A 438 54 LA
Bk A A A AR e M

17K DI-SSPME #:4F . BU10 pl R 25145 1
ABEF 9 mL 4K 19 10 mL ZE O, A RE J1 35
P IR B K SPME 236 B A9 A S04 ELIE A AN
PRFE Sl H S ARGk 7ETRLEE R 40 °C FE TR 600
r/min B9 450 T ZEH 30 min, 2B 85 A BCK
FUREE N N, GRG0 N3 2 BBk 5 WA 1%
FEAL 7K L T 280 °C GC #ERE TR 10 min, AT A
Y FATHRAE 31K, 45 RBCF41E

2) UL 510 DI-SSPME #:/E . & MEL T 4l
K=1:18y 6 BT I e B AFEIE I, %5 2 g BT
AP 10 pL AR 2GR bR 09 LB INAR , THEIRIR G
40 miniR5), 7E 4 “CORFEP I E 12 hfEfii ], H10 g
U1 A3 T 10 mL AR BOf BN 5 4358 12.5%
M TEK Na,SO, , AR 14+ I8 55, SPME %¢
BN BT A INBRRE b e ARGk 7
YR JE R 90 °C V%58 R 1 200 r/min B4 4514 %€ HL 60
min. A W R4 DR EE VR T S ) T VR B A A AL
3R AR Ik 3R 1T W B 1 2% 5 TG AN 2 38 B 43 BT 40 1) B
BARG L P, REHSE IR R A Gk T
4K (VIV=1:9) P Pl iEsE 5 s, FTCA 40K A Btk
FETER B 13 T Bl S 7E 280 °CIY GC HERE 11 i
W 10 min, f#f W 5 (6 A B B2 S SR (VI V =1 DR G
VEFEVE 1 min, 6 FH R 40N OB E R, R G
7 280 “CF 4k 5 min, BP AT #47 F — R A B . FIrfy
R A 3K, 45 FHCF I
1.7 HiE4IE

A% E R Excel 4 #8147 5387, & A Origin
/G URZIEI

2 HERESWH
21 MRERLE

DWIE S . K18 MCM-41 fil ACMO-co-

DVB-co-NVP@MCM-41 MR FH e Bi k. AT 1
ATLVE Y, MCM AL A iR sk, R 1
0.4 pm Z2 47 iR F HHEH , T BRI RME ; AC-
MO-co-DVB-co-NVP@MCM-41 J& — Fl BROR b4 KL,
FARWAE 0.4 pm 24y (B H SRR OGH A BN
B, R Z [ A —E AT R LS, ORI 5] A
ANTRPREAR R A7, DI MCM A1 Sk 3 B 1 A
ACMO-0-DVB-co-NVP R &Y, i HLH AR E& W
SECT BRI R X R A RS Sk [ 14— B

12.8mm x70

1 MCM-41#3k (A)F1 ACMO-co-DVB-co-

NVP@MCM-41 ¥k (B) K3 iR E
Fig.1 Scanning electron microscopy images of MCM-41
(A) and ACMO-co-DVB-co-NVP@MCM-41 (B) at 70 kx

2) ZER ARG . 2 S MCM-A41 fil ACMO-co-
DVB-co-NVP@MCM-41 # Bt B 215N E . Ho
468 em 1,796 cm M Si— O — Si A Y 25 il 4§ g
FURFFR 7 AR 3h4 , 955 em ™'y Si— OH AY A X B4

PR EN 4 L 3 435 em & O — H B 11 45 4 i 1516)
ACMO-co-DVB-co-NVP@MCM-41

i% 3T 4% /% Transmitance

1090
4000 36003200 2800 2400 2000 1600 1200 800 400

4/ cm™' Wavenumbers
B2 MCM-41#EkIL K% ACMO-co-DVB-co-
NVP @MCM-41 Bk B £ oh i
Fig.2 FT-IR spectra of MCM-41 microspheres and
ACMO-co-DVB-co-NVP @MCM-41 microspheres
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Ak, BT Si—O—Si 5& J 1A X FR S A 4k 2, 1
291090 cm "AbHEL T 1AM ERE ZIES R AY L
ACMO 8 C—O—C BRI Ryl S 18
ACMO-0-DVB-~o-NVP@MCM-41 #1 K} 1) 3% &
2857 cm 1.2 929 em Ak ALY C —H L
PRBhiE, 1509 em ™ 4k i DVB F5 3R i C=C 25 it #k 50
g, 1 445 em ' Ab i NVP &8 F C— N il 45 4E 3)
i 15190 11 650 em ! BT i NVP Hil ACMO 45 4
FERRHIEE . I, FATIA R ACMO-co-DVB-~o-
NVP@MCM-41 Bl R 4 .

3)IFREE . R IE 3R, % RE 350 ‘CAE A
FEbR o, T LA I GC A Mr R A 2R

100
90
80

70

L FE/% Mass loss

60

50, -
0 200

1 L ]
400 600 800

it JE/°C Temperature
3 ACMO-co-DVB-co-NVP @ MCM-41 {Ek#)
HRESITE
Fig.3 Thermogravimetric analysis image of

ACMO-co-DVB-co-NVP @MCM-41 microspheres

4) N~ 3B BRI B 53 AT o N~ R[5 o
Mg, ACMO-~co-DVB-co-NVP@MCM-41 #1 #} 14 kb
F AN 605.26 m*/g, FLAEH 2.58 nm..
22 ZFEHEEALE

93 ACMO-co-DVB-o-NVP@MCM-41 #
Bk i AEBURE T, R /K h DISSPME 7 i, % 4% A
il Oasis HLB 53k . ACMO-co-DVB-co-NVP # 1

kK \MCMA1 ZBCEL FIRT ] PA 220Gk 5% 26 6k #F
T . UL A i ACMO-co-DVB-o-NVP@MCM-
41 FEIRR X 43 BT 0 ) A€ B TR R R 100 %6, 53 40 4 B
UK (A B T AR BEA T AR T (R 1) o R 17T
A1, ACMO-co-DVB-co-NVP@MCM-41 %} 3 il ¢ 24
(1 A8 BORCR T 5k (i ] MCM AL Fil ACMO-co-
DVB-co-NVP #8412 B 35 (1 45 7 7T LABE Kb kL
(9 W% B P BE 5 5 Oasis HLB #H H , ACMO-co-DVB-
co-NVP 3% i e Rl v F1 1) 2% BUE 3G n , T K 2
JB R A B AN, BT ACMO AT RS 5 X6 5 A XL
AL HR R AL G W 0 A2 ECRE T, T XS B B 5 1Y
R Jrle 1 iR SR Ay B 3 5 PA AR K R il A AR I
WP EM R FHIA 2, %t 3 A 2 1 AR USSR AR SRR
I HE A ACMO-0-DVB-o-NVP@MCM-41 #
IS Fo8

i B T ACMO-o-DVB-co-NVP@MCM-41
FEBEL AN A ) Oasis HLB #£BUL (28 B 2568 7,
AN R AR A 1 23 T P A 466 SR 2R (logP=1.32) ik IS
(logP=1.96) . 1 % (logP=2.68) .4 % —H ik — &
fis (logP=2.7) . £ % Wk (logP=2.99) . %} — H 7§
(logP=3.14) 4B — W iR — )X HiE (logP=5.89) . 4
KRR (2-2.3 0 ) iR (logP=38.71) 4%, 45 R R W]
ACMO-0-DVB-co-NVP@MCM-41 £ It 3k % jx 4k
W B AR BURIOR A T Oasis HLB 28 Bk, 22 B R
Oasis HLB Bk 2R HUEE A9 1.12~1.57 £, 6 W]
W, ACMO-0-DVB-o-NVP@MCM-41 #£ B3k ¥ 45
JR BT 55 1 3 AT 0 7 5 R 7RI AR 4 0 O 1 v A B
RETT.
2.3 FEEEGMRKL

DB . K 4 (DI-SSPME 4 4 - 25 B
6] , 40 min; A BUREE , 40 “C; A L) Al LA L, b5

&1 SMEINSAIERRELER

Table I Comparison of peak areas of the five fibers

5 ACMO-0-DVB-o-NVP@MCM-41 Bk A X W4 T R/ %6

I Relative peak areas to ACMO-co-DVB-co-NVP@MCM-41 fiber
logP
Analytes ACMO-co-DVB-co- ACMO-co-
X MCM-41 i PA Oasis HLB
NVP@MCM-41 DVB-co-NVP ass

KN Cyromazine —0.04 100.00 5.41 62.80 87.12 18.39
K % i Methomyl 0.60 100.00 6.36 47.61 51.56 71.81
5% E i, Carbofuran 2.29 100.00 18.22 84.16 65.94 79.42

1« logP: KW Jo A8 1E 2 e (Tl ALK AP 6 43 Bid 2 850G 1B A9 %0 The logarithm of the ratio between the distribution coefficient of a sub-

stance in n-octane (oil) and water.
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S BRI B A ISk W A F) R ) S R R TR
Hh, DT 26 B ek /b o I 2308 16 % 60 min 104

TP RS A BT, 3 e 247 i A B0 T R A |- S
FeiaB FEREREHE 20 1 200 r/min B 14 A B 1] FH

B, AR SRR RN T4 RSB A Ut ]
%W%E*Hﬁﬁd‘ I‘Eﬂ Wmu?%ﬁm%ga@ 513%% ,}J\Wﬁ +7Z§//JZ& Methomyl — —e— KW/l Cyromazine
ij] %W%XT;&%E/J%EXB —a— 5 [ Jg% Carbofuran

YRS AR I A B 5 55x10'f

£

= 3.6x10° —s— 57 [ J& Carbofuran _g 5.0x10'fF . 4.0x10]

£ 32x10t —*— K Z B Methomyl g I

j " —a— K Cyromazine Em\ 4.5%10'F = £ 32x ]04

s 28x107T . < 2 2.4x%10]

- —  4.0x10'f =%

% 2.4x10% - 3.0x10° T E S 16x10°

X - _25x%10° = L w )

> 2.0x10% zE20x10° E.‘\é 3.5><104_ 8.0% 10 e

< 3 R Lsx10 i 5-0x10 ./.__.-—-\0.‘0 30 40 50 60 70

= 805107 g 10x10 & 0.0F oo oo Fi[H]/min Time

= 40x10} £ 50x10 :

& 00k a—a— a2 0.0 555800 1000 1300 20 30 40 50 60 70 80 90

OF 5 U EE / (r/min) L]j‘“ -
—4.0x 10— . . . . ,  Stirring rate T 1B]/min Time
600 800 1000 1200 1400 1600 &6 iﬂiﬁﬂlﬁlﬁfﬁﬂﬂiﬁ’]%ﬂrﬂ

i ¥ %/ (r/min) Stirring rate
B4 HEHEEE T ZEEE R RN
Fig.4 The effect of stirring rate on the extraction amounts
2) R B . & 5 (DI-SPME &1 - % it
4], 40 min; HEFE R, 1 200 r/mins ASJER) vl 1, B
M RE A TG, 3 AR 24 A 5 MU 2 5 S i e
(R R 3, K 22 Il A 2 R Je 1) 4 IR 7 90 “CHR 38 31 e
RAE, 50 A U e A HGR BE 2 80 “Co AT REJE A HL
YA =y 1K/ E R 77/ DR 1 U S E R IS R Y =R
YRCRE 7 0 446 J A% B (] 5 {EL i B K v 2/ H AR
TE TR 25 5 5T 22 [8] 14 3 T 22 850, B AT A BBk Y A2
HOR . LG %IE, RS ERE 90 CAR,

—a— KZ W Methomyl
—a— i [ i, Carbofuran

—e— KU Cyromazine

= 6.0x10°f D soxw
£ 55x10°F £ 32x10
< s.ox10f 4x10
5 45x10°f 1610
= 40x10'F g 80x10]
w zgx :8: = 0.0 —4565"%5-T00 20
» 2.0X I T REIC
o it
E 2sx10% Temperature
2 5.0x10F -/././'/.\‘\.
=
g 0.0F
=3.0x10,67720"60 80 100 120 140

HRLE/°C Temperature
BE5 FEEUREIZENEMHM
Fig.5 The effect of extraction temperature
on the extraction amounts

3)AEBUNE] . 2T 30~70 min A, A B ] %
TR H AR A BCGE 52m . AE 6 (DI-SPME 4%
F AL BUREE L 90 °Ci ftFEEUEE L 1 200 r/min; ANk )
AT DL 7R 28 U E] R 30~60 min P 3 Fh B AR 2
B TR0 5 76 60~70 min PN, B 25 A% B a] ) 4
T, B R 0 R B 2R ek /L, AT SR AR S ) KK

Fig.6 The effect of extraction time on the
extraction amounts

)BT . WK 7(DI-SPME £ 14 : 2 B
], 60 min; % BURLEE , 90 °C; P B2, 1 200 r/min)
7 B Na,SO, BYHE I, K 2 g v 7 gl i A6 R
VTG TN 5 IR g 1 A U 5 S s AR A 3
7E Na,SO, 4y 12.5% Bk Bk . kbR T 285
B ke Az SR VE A0 3 B 7 5 0 M Z 8]k 25
A wf A AR AT, S ERAT VR RO T s AR T, Wy 0o
V1R85 it P PR ARG, 2 (ol 2 B 1 R s Y i s AR IR T
e PR, 2185 DR o 0 3 At B, DA T R AT A
NT R RBUE LRI IR 8O 12.5% B
K Na,SO, #4752k 5 .

4.0x 10°r —a— %X £z Methomyl

3.5 % 10°-—e— 5 & ji Carbofuran
3.0 x 10° L —*— K#EJ% Cyromazine

2.5x10°F

20x10°F = g 4.0x10
< = 3.

1.5x10°F =% 22:12
oL =~ 2

1.0x 105 & LOx 10

0.0=——=%—"T10 15

0.0 *—a——2—2—2 it/

Salt addition

W&/ (mV « s) Peak area

-5.0x10°

0 s 10 1 20
DN$EE/ % Salt addition
7 EEXERSHIM
Fig.7 The effect of salt addition on the
extraction amounts
24 FEMEISITEN
R FHAMRTE & 1, LA B 1) A [+) 5 3 B 1Y)
ROV LGHRAMER WL, AR A5 0E T, LUInbR e B2
R A A W6 T FRP- S A AR B, 2 il A 3 e 24
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FE RPRERNZ . INZE 2 TR, 3Rl 25 7 4% A £tk
T A MR BRAF, R BB KT 0.995 7,
R (LOD)1.71~18.79 pg/kg, R TUL G A 2 e
KB B BR AR ME (GB 2763—2021) , SR (LOQ) Ky

5.71~62.63 pg/kg. 3 A 11 28k 5k 5 vk 1)
WERGE 45 A0 2 3 B R, 3 Bl A 24 (s (Bl i R N
84.4%~116.1% , FH X A o A 22 Ky 2.2%~7.5%, Uit
W12 07 1% EL A U O M e A 3

R2 STRAMEKMEXRRE BWHR EERMAIRERE (n=5)

Table 2 Linear ranges, limits of detection, limits of quantification and RSDs of 3 pesticides (n=5)

) - e K5k B PR it/
L AEEE/ . SR fi1]::Y] ERW/ AHEE
S R L] S S i itk (ug/kg)
(pg/g) . . ) (pg/kg) (pg/kg) T2/ % .
Analytes . Linear equation R ) . Maximum
Linear range LOD LOQ RSD X L
residue limit
K Z 1, Methomyl 0.10~40.00 vy =8885632+1684.6 0.999 1 15.39 51.30 5.0 200.00
3 F @, Carbofuran 0.01~1.00 y=4X10"x—496.77 0.9957 1.71 5.71 2.5 20.00
KU Cyromazine 0.10~40.00 y=598001x+1082.1 0.998 1 18.79 62.63 2.7 500.00

ey WET A s B i, mg/ g LOD=30/S, & Sy M it 25 11 REAE 1 b il 22, S F/R BEIE I Z R ; LOQ=1L.0D X 10/3; Jibsf B 535
RK L, 5.00 pg/g; 7 E L, 1.00 pg/g; KbfE,5.00 pg/g.Note: y: Peak area; x: Concentration, mg/g;LOD=36/S,4: Standard deviation
of blank sample response value,S: The slope of correction curve; LOQ=1.0OD x10/3; Spiked concentration: methomyl, 5.00 pg/g; carbofu-

ran, 1.00 pg/g; cyromazine,5.00 pg/g.
3 3HRAEIE SR M INEREB D
X FRAERZE (n=3)
Table 3 Recoveries and RSDs of 3 pesticides

in cowpea pulp(n=3)

bRt/ (pg/g)

ST Spiked R/ % AR FR R 2/ %
Analytes P . Recovery RSD
concentration
0.10 116.1 3.9
K%
K 5.00 103.9 3.6
Methomyl
40.00 101.0 2.2
. 0.01 107.0 3.3
T )
Carbofuran 0.10 101.6 3.0
1.00 107.1 2.6
- 0.10 103.3 7.5
TN i
C . 5.00 84.4 2.5
“yromazine
40.00 99.8 5.2
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JIEA W E . B 8 7S UL G RE SR INFR UL A
st P €20 i P&1 LS WO R b B oy - 1, K 2 1, 5.00
pg/g;2, 5 A B, 0.10 pg/g; 3, Kl ,5.00 pg/g) .
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Fig.8 Chromatograms of DI-SPME/GC-NPD method
for determination of 3 pesticides in blank

i /mV Voltage

cowpea pulp (a) and spiked cowpea pulp (b)
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Table 4 Comparison of this method with other methods
. e .- et R/ ) "
Ik IR B I (ne/ke) I/ % S 30k
Methods Extraction material Sample Analytes ;;g()Dg Recovery References
DSPE/HPLC-  RAWEEHE A1 Polyaniline- B AR
K4 . .0~88.
PDA modified zeolite NaY Cabbage , strawberry X Z 5. Methomyl 30.00 64.0~88.0 [20]
QUEChERS/ AR, 5L
— W ) .00~190. 7~98.
GCMS Papaya , avocado 7 B Carbofuran ~ 30.00~190.00  69.7~98.1 [21]
QuEChERS/L
— b ) fi 10. 2.0~120. 22
CMS/MS HBF Coconut 7E AL Carbofuran 0.00 82.0~120.0 [22]
QuPPe/DAR L .
— Kgfic C 7 20.00 4.0~100. 23
THRMS Lettuce , celery R g Cyromazine 0.0C 74.0~100.0 [23]
P& NCAEN N
DI-SPME/ ACMO-~0-DVB-co I Kbl AR
GC-NPD NVP@MCM-41 gLe Cowpea Methomyl,carbofu- T 1879 SHA=LE Ly

ran, cyromazine

112 Note: DSPE/HPLC-PDA : 43 [ AH 2 B0/ w2 OBUAR €335 120 25 5 Ot ¥ & B 41 Dispersive solid-phase extraction/ high performance
liquid chromatography coupled with photodiode array ; QuPPe/DART-HRMS : PR A M 4 24 $2 B/ 52 Bsf 55 4 R 503 153 43T Quick polar

pesticides extraction/direct analysis in real time-high resolution mass spectrometry.
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Preparation of ACMO-co-DVB-co-NVP@MCM-41 and its application
in solid-phase microextraction of pesticides in cowpea

CUI Ruixia, XIANG Xiaozhe, SUN Xin,ZHANG Xiaofan, LI Xiujuan

College of Food Science and Technology , Huazhong Agricultural University/
Key Laboratory of Environment Correlative Dietology,
Ministry of Education/ Hubei Key Laboratory of Fruit & Vegetable Processing &
Quality Control, Wuhan 430070, China

Abstract ACMO-co-DVB-co-NVP@MCM-41 material was obtained by polymerizing divinylbenzene
(DVB) , N-vinylpyrrolidone (NVP) and 4-acryloylmorpholine (ACMO) on MCM-41 mesoporous micro-
spheres to meet the requirements of detecting polar pesticides in cowpea. The material was characterized with
scanning electron microscope, Fourier transform infrared spectrometer, thermogravimetric analyzer and N2 ad-
sorption-desorption. Solid-phase microextraction (SPME) fibers were prepared from this material. A method for
determining methomyl, carbofuranandcyromazine in cowpea was established by direct immersion-SPME com-
bined with gas chromatography-nitrogen phosphorus detector. Under the optimized extraction conditions, the lin-
ear relationship of the three pesticides was good, the coefficients of determination were all greater than 0.99,
with the detection limits of 1.71-18.79 pg/kg and the quantification limits of 5.71-62.63 pg/kg. The recoveries of
3 pesticides ranged from 84.4% to 116.1%, and the relative standard deviations ranged from 2.2%-7.5%. It is
indicated that the method established has good sensitivity, accuracy and reliability, and can satisfy the maximum
residue limit (MRL) of pesticide in cowpea. Compared with the popular coating made from hydrophilic-lipophil-
ic balance particles, it has a large extraction capacity and a stronger extraction performance for strong polar sub-
stances, which will have a good application prospect in the extraction of non-targeted analytes.

Keywords hydrophilic-lipophilic balance particles ; 4-acryloylmorpholine ; solid-phase microextraction ;

pesticide residues ; cowpea; detection method
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