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Detection of 9 kinds of carbamate pesticides in VVigna unguiculata by magnetic
covalent organic framework-based solid phase extraction coupled with high
performance liquid chromatography-tandem mass spectrometry

XU Ying-Qi'***, LIU Tong™**, XU Xiu-Li**, WANG Xiu-Juan®*, HE Jian*, HU Meng’,
PEI Xiao-Yan*, YANG Qing-Li', HOU Xiu-Dan'’, ZHANG Feng>*
(1. School of Food Science and Engineering, Qingdao Agricultural University, Qingdao 266109, China;
2. Institute of Food Safety, Chinese Academy of Quality and Inspection & Testing, Beijing 100176, China;

3. Key Laboratory of Food Quality and Safety, State Administration for Market Regulation, Beijing 100176, China;
4. National Dairy Technology Innovation Center, Hohhot 010010, China; 5. Yili Group, Hohhot 010010, China)

ABSTRACT: Objective

organic framework materials in combination with high performance liquid chromatography-tandem mass

To establish a magnetic solid phase extraction (MSPE) approach based on covalent

spectrometry (HPLC-MS/MS) for the efficient determination of 9 kinds of carbamate pesticides (CPs) in Vigna
unguiculata. Methods After the extraction of Vigna unguiculata samples, the novel Fe;0,@TAPOB-BDTB
material was employed for magnetic solid-phase extraction and purification. After filtration, the samples were
separated by a C;g chromatographic column and quantitatively analyzed using multiple reaction monitoring in the
The established analytical methods for the 9 kinds of CPs exhibited

excellent linearity within the concentration range of 0.02-100.00 pg/kg, with the determination coefficients (+%) all

electrospray positive ion mode. Results

exceeding 0.9989. The spiked recovery rates were within the range of 80.33%—108.63%, and both the intra-day and
inter-day precisions were less than 8.89%. The detection limits of the methods were 0.005-0.010 pg/kg, and the limits
of quantitation were 0.02 pg/kg, which were significantly below the maximum residue limits specified in GB 2763—
2021 National food safety standard-Maximum residue limits of pesticides in food and EU Regulation No 396/2005,
ensuring compliance within an academic context. Conclusion The covalent organic framework materials synthesize
in this study demonstrate exceptional adsorption capacity for CPs via m-m interactions and hydrogen bonding.
Furthermore, the develope MSPE-HPLC-MS/MS method enables rapid, highly sensitive, and precise detection of CPs
in Vigna unguiculata, thereby offering an efficient and innovative approach for monitoring pesticide residues in
agricultural products.

KEY WORDS: covalent organic framework materials; high performance liquid chromatography-tandem mass
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spectrometry; carbamate pesticides; magnetic solid phase extraction
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FEAR BRI AR T, 2% SRR R0 B ) Y iz M A
B, U EATRE 2 AT il HOorHE R e = &1 R
T, ax sz AT YT RE sk R TEB b, XA
S ke BT AR B AR KU, HAT, ARl b R —2%
A 25 R T R R 25 A% 2 (carbamate pesticides, CPs), X 28
A 25 R HL A i ) B BA BT T 3888 v Sk 3 DA AR R AR Y
AT MR 2 0P SR, B T A TS A
REMEREEERHR, AOR R ER RN Z 4
PAT THZEED 50 R — KRR Y, K
FEEAIE S 7 W RN E R 28, ST RUE B A B R
A BEWRER |5 Sl a0 <13 i N o il TP N [ i S S 0 it
AW EAERE ST, T HYE CPs ffii A, GB
2763—2021 ( B RZ 2 EFRHE &5 A2 R 5 R

) MUE UL A R R A R e KB PR
514 1.0, 0.1, 0.7 mg/kg, R No 396/2005 #i5E T 8L
TR, CHE . BERE. PR, RSB IR R
B R 0.01, 0.01, 1.5, 0.005 1 0.03 mg/kg. K, A
B R AR . R MRS PR B S CPs
MERER, X TR L M e L e AR EEE L.
HAT, il o CPs (195 1 3 BT 46 i AU (1%
[8—9]\ L:(4
M 8 3% 7% (gas chromatography, GC)!''" A1 g 41 il 2%
(enzyme inhibition, ED"> 1 SR, X6 )5 78 5B i v
FELE—SEpG, UNRTALFRER R . et AU, FI
FBIAHXT A%, HA DGR ER CPs G, KIFEMFTAL
M BRI EE, HAT, S5 CPs I EEH H
Y5 A0 35 B AH ZE B (solid phase extraction, SPE)RjALFRF;
ARUSIHI QUEChERS (Quick . easy ., cheap . effective ., rugged .

(high performance liquid chromatography, HPLC)7%
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safe) AT AL FREE AR, SR1fiT, QUEChERS $ AR 7E A 4L i iy
SR Z 4 4y i il m T P AR TR A B R S 22 L sl
RA SR, SPE i A B A 76 W I 55 FL1E 2 3K
FE . WRBRHET IR | IS A A e e

M Z T, W B A A5 BB R (magnetic solid phase
extraction, MSPE)F| LA w414 1 0 B 57, REAS 1B Hb
NS 2B T T B E AR AT, B S AN RE R B fE L, T
DA o A4 W 70 5 T 35, DT S R 114 e Ak R vk
4, Rt MSPE HA#ERT L | & AR R0R S . FERT R AL
9200y 7 AR R CR, BFSEABIT R T LR
B0 A R, An A HLAE 22 44 B (covalent  organic
frameworks, COFs)*!! | 4 J& A7 HLHE 42 #4 K} (metal-organic
frameworks, MOFs)?2 1 4> ¥ B ik % & ¥ (molecularly
imprinted polymers, MIPs)*!, H1, COFs &—Fh i oc &
AR 1 7 8 Z2FLAT LA AL, 2ok s e A1 Ay e A L BT
Hor, HAREE . KEREM. @Rk, m s
MIALEER(E COF HRIE 224~ 40 7 3 Hh 2 6 1) 1o FH v
S g, L1 4P % T —Fl Fe;0,@COF-(TpBD)# Y,
HFEEEHBN. BaAea, BaE ., ERM. mEFk
IR ZIR I, ZHANG %2058 o () i e . T — i
T 2 HLHE 22 1 8l Fe;0,@COF(ETTBA-ND), %54
HPLC-MS/MS & 8 & S BT P s i & # 3 . TIAN %07
F PRI HLHEZE A48 MCOF-DhaTab 454 80 AH
{5 - 28 4b 7% (high performance liquid chromatography-
ultraviolet, HPLC-UV), B{EI&E S T . BN M IR
Y S R CPs. BRI, XA A LT 3 d, FEHT
e, ARG R T 4 W B R (10 me) B8 . HL AT,
R TFAE RN G5 A 5 1 [] Y i &5 WG COF I BIF9E 488
A, U HEA F R REPE COFs BLEEUEAT 2 fh L
BB E AR ZE B, SEPLXE CPs AR e 30 s 4., Ik —2
454 HPLC-MS/MS $ AR W THLE H CPs 4% B8 #a il (14
FRAFFE

0T 224 i 7E SR b R R R L O A TLRE 2204 k)
Sl CPs AYAHICHIETT A D, ARVFFEIR R I G T —Fh it
TR REYE COFs A5 AW BRI ARSI Jy i o 1Z0 ik 85 4
MSPE iR &4 F Y CPs, F1 ] HPLC-MS/MS Ji
AT MR . BT R 1,3,5- S (4-E IR A L) K
[1,3,5-tris(4-aminophenoxy)benzene, TAPOB]#l N,N,N’,N’-
DU (4-FEFEFEIE)-1,4-78 —B[N,N,N*,N’-tetra(4- formylphenyl)
benzidin, BDTB] N 54, GEMETE 4 h W& BB 7Y 1
COFs ¥k} Fe;0,@TAPOB- BDTB, % kHHA & W41
fT B L Al 2 R TR A R e, LR AR mT LA B AN
B 3 4y B Fe;04,@TAPOB- BDTB, It 4b
Fe;0,@TAPOB-BDTB %t CPs £ BUCK & H ol E A2 i .
KL, FHHIE MSPE W BRI, i@t 454 HPLC-MS/MS

HR, BTEE . —Fh R HE R SRS CPs
5%

1 RS 7

L1 #R5

VU 4 K g (tetrahydrofuran, THF)(JbL &= i gl A FR A
Al); 41K FesO4(Zl% 99.5%, 200 nm)( - 827 5o b E b FH
JBeA A B2 F]); TAPOB(ZESE 98%)( 1 i HEAT B2 24 BHH i
A BRAF]) . BDTB(EERE 98%)[ M % (i) b a Tolk &
AR, Z & (acetonitrile, ACN), H % (methyl alcohol,
MT) . Z & Z I (ethyl acetate, EA) . 7 N i (isopropyl alcohol,
IPA). HFR(formic acid, FA)(f4i%4%, 5[ Thermo Fisher
Scientific A H)); WZEEL. FHEL TR AR, %
AL PR BRAE . TR . R MR R AR o S (2
Ji 98%, [E AccuStandard 2 F]),

1.2 UE5EF

HH-6 fEIR/K 750 ([E HE 32 30 2%); KQ-500DE i i
BEML(E LTl 7 e G PR F]); MFE-24 ZUW AN ([ 1
ZALERA F]); QT-MT200 245 53% 14 (35 [ Benchman 23 #l);
Milli-Q #B 4K (3£ [H Millipore 2 ]); PL-203 H S-F5 1t K
OB 0.001 g, B AR B FE A 2 AL R A,
PHS-25 %15 pH 1 ( AL Rl 3= 08 R0 A R D );
Allegra X-22 7 3% % &0 HL (3£ B Beckman 723 #l);
TB-SH120 HBIHUHHERS (H E 1 RBHE A H]); 6500 + =
B PUMAT RIS (35 E AB SCIEX A ]); LC-30AD w308
FEFEL(H A Shimadzu 24 7)),

1.3 XWHE
13,1 Btk 20 A HUAE B2 A4 6 ] &

T N A VAR S A R A I S S o [
Fe;04@TAPOB-BDTB., 7E X [ [ LEMi - FR i 100 mg
Fe;O4 9KM R, SRIGHKIKINA BDTB (0.25 mmol, 150 mg)
120 mL THF, #7403 20 min RIS S1ET R, BHE
EYFEREE] 60 °CKIEH, FFLL 550 r/min AL BHLSHERE
20 min, {#f BDTB il i ZUH WAL 5] Fes0,4 49K A K
KI5, ¥ TAPOB (0.44 mmol, 133.0 mg)Fl THFE (10 mL)AY
TRE OB 2 min, HEWHIMAZ ARG MA 2 mL
CIRAE R RN AR . BEATEFE RS 60 °C R/ 3 h
VIGRIS R =4 o FEANBREIRIITERT, R A C RS 588e k
3R, B RIEWREN, MRSk, &E, K
FEMITE 60 CCHEFR T4 6 h, 1551 Fe;0,@TAPOB-BDTB.
1.3.2 #enara#

FREL 2.0 g B GRS BT S0 mL B4, JILA S mL
I . K FIVKEEER (9.0:0.9:0.1, V: VIR SV . W iE
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2 min J5, ¥IRAERMEA 5 min, JF7E 4 °C. 9000 r/min
M4 F R B0 5 mine BUB FIEROFHASWREET T,
A 5 mL iK%, FFT—24 MSPE 4347,
1.3.3  ARBIEIR 6 Beh)

F il 1000 pg/mL MR8 . SN0E . T, Bl
B CEREL U R, AR . FEEL. LRI AR Y
TRA PRAEAE A VR o I FF BN B M 25 VR A8 1 10 pg/m AT
1 pg/mL FIARAE RV, M BEAL 100.0. 50.0, 20.0.,
10.0, 5.0, 2.0, 1.0, 0.5, 0.2 1 0.1 pg/L MIFRMAE TAFIFH .

A

ol Cloo

0

5 # ;1HD
>igye
BDTB

‘ SN rApoB T ©

Fe,0, 60°C,4h

+ 2% @) Fe,0,@TAPOB-BDTB

1.3.4 MSPE 437

# 5.0 mg Fe;0,@TAPOB-BDTB 4 #(7F 5 mL ¥ 5L
W, 7E 1800 r/min T EIZIRY 3 min, DIERE CPs WEHF
WS o FR RIS, R R R IR R0 S v o B,
Fe RV (A 3 mL F SRR S B 5 1 O O 50 7 e it
3 min, Y8 BIFWITLE 50 °CF AR T . A 3 mL H
W HTA IR AT, I 022 um BOBEIEILIE, 1536
IEWHIT HPLC-MS/MS 73-#7 . Fe;04@TAPOB-BDTB )&
AL I TG CPs Al AR AN 1 B o

, o = \
I o ]

. .
| o = :
- bl i 1

-
<= - :u:_ﬂ 7;».,_\54 ;,-AuDiu 1
- u g .
S~q |8 {_ _j:" 1
| 1
Fe,0,@TAPOB-BDTB | 1
3y {
\ 7
| R p———— 4

BEIE .i LRl
—_— _—

[~ S

HPLC-MS/MS

Pl 1wtk COF il & inife LA K 5L XL A CPs il ini B2 ]

Fig.1 Magnetic COF preparation procedure and schematic diagram of CPs detection in Vigna unguiculata

1.3.5 HPLC-MS @ & &4
HPLC %4 i Z$E{& ZORBAXEclipsePlus C ¢

®2 o CPs WEBETMTFBEFRETLLURTERNSHK
Table 2 Mass-to-charge ratios of the parent and daughter ions
of 9 kinds of CPs and the parameters for mass spectrometry

354 (2.1 mmx100 mm, 3.5 pm), A 40 °C; FREhHH A detection
NI, WA B i 0.1%H KW i 0.3 mL/min; P e
HEREREN S uL; DUALJE R R B R 0L 3% 1. MS AT A E A E v v
ESI(+) 4 1 T # 47, % F £ [ i ¥ M (multi-reaction 28 202.1  127.1%/115.0 44/44 45/45
monitoring, MRM)RZEAT Wil . HoL 1% 55 B3, oy 4500V, S 194.0  95.0%/137.0 80/72 45/45
B U 550 °C, RGN m/z 35~500, HFE TR 2082  95.0%/152.0 13/9 65/65
T QI T8 F(Q3) % MS Kol 25 % 2 Fir . JEEEE 2242 167.4%/109.2 13/25 42/42
L 2682 152.1%/124.1 31/43 30/30
k1 BENBIEE Btk 2383 109.1%/138.1 44/37 36/36
Table 1 Gradient elution program iy 210.1 111.0%/93.0 21/31 45/45
— WA A Bl B R 226.0  169.2*%/121.1 13/27 30/30
B R % KT E0% HILIRIREE  166.0  94.0%/109.3 43/36 30/30
0 20 80 W R E BT,
3.0 70 30
50 o I 1.3.6 Rz s i a
24 MSPE Fl T3t 5 A it b B, S % B o v 1 8
£Z 2 z T4 SRR T i PR, WA TR0 S 45

PR MERTE . LRV (matrix effects, ME)/AZ0(1)iT5R:
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ME/%= (1;’"—1}100% (1)

K K, WRETRHERT R RER, K R HERT R

TEZS FFECH A 3 N VSN 0.1~100.0 pg/kg
) CPs ¥, 3k HIH 3R AN 5T h 43 B 0 R A il e et
FORIEAL ME.
1.3.7 Fe;0,@TAPOB-BDTB # 7T & & P o #7

4 5 mg Fe;0,@TAPOB-BDTB 43 #(7E 10 ug/kg A CPs
AR RY, A MSPE #f 17 Ay 4k 2, I 317
HPLC-MS/MS 37 Bl [T 5E B0 A W B 551, B e
KK Ve Fe;0,@TAPOB-BDTB, HFI%A CPs 5N
1k FAE IR S UK, DLEFAL IR R0 A R ARk
1.4 BERAIE

AR ITA BRI 3 RELZ N E, LIEERH
Analyst Software 1.6 #4478 0 #r, %A ChemDraw
Professional 20.0 #f4: .PowerPoint 2016 3% {f-Fl Origin 2025
A2 I3, Excel 2016 B2 #k

2 #ERE5HR

2.1 Fe;0,@TAPOB-BDTB H{F4: 5

2.1.1 SEM %RE# R

K F 18 [E ZEISS Sigma 360 4 H 5% (scanning
electron microscope, SEM)7E 15 keV FFA#EMR, RAET
Fe; 0, 41K B0k 5 Fe;0,@TAPOB- BDTB [ TR SR 451 .
MNIEL 2A AT LATE Y, FesO, A0 22 U H AR i 77 [
TEA5H o F T R Fes Oy 0K BB 1l 45 ik . SRk RLAl
JE 5 — SO B R AR IORL 1 R T RS S A 2
IS, HoRA 4 R/IME 280 nm. L2 R, 8 2B AILIE
1 Fe;0,@TAPOB-BDTB HA S F 2Bk Bkotk 2544, AT
REAL AL T Fe;O4 9KIURL, TERUMOWERTE 2540, JHik:
K297k 420 nm, COF JZ7JR L2y 140 nm., X245 L3R
B, £ Fe;O4 40K ORI 2 1 ) A4 B T COF 5%
212 HfbfRAELR

A T e -2 1A T 5 0 ARSI SOXH b e 2 T S /8 7K
eI UEFT T, g5 nE 2C A 2D fFJR, FesO, il
Fe;0,@TAPOB-BDTB 1442 fith £f I (B 43 51~ 26.35° A1
123.57°. 5 Fe;04 ML, SN HUHELLH R (B35
THYK Fe;04 MBHEREIHAKYE, XA B T8 550814
Z A B AR A 77
2.1.3 4§ EetirshkikkiE

i 3 B 0 21 4 % 3 (Fourier transform  infrared,
FT-IR)E/E T Fe;0, 1 Fe;0,@TAPOB-BDTB 44 KA1 RIAY
b EE R Ak F R (LI 3). 1E Fe;0,@TAPOB-BDTB Stk
AR EE T 5 FesO4 78 556.01 cm ' ffliE BRI R WY, 5
Fe;04 4K K T[4 Fe-O-Fe ¥R s 0 A X1, HESE T
Fe;0,@TAPOB-BDTB SE4F (W% B T Wb v . BLAN, BT

C=N¥E5h, 7£1592.93 cm '#11213.39 cm ' Ab I T — N30
FAVARFAIE D6, 30 9 HF T ik PR R N G Bk B AR 0 8 R 2B i R IR
B, TR TG s, 16 FesO, F2TH MINA AL T MV e b e 42
) COF JZ.

CA:26.35°

1E: A. Fe;0, ) SEM %51 ; B. Fe;0,@TAPOB-BDTB /) SEM 25

C. Fe;O4 BUFESMI A 45 5 ; D. Fe;0,@TAPOB-BDTB B /il fA 45 L
€2 Fe;04-5 Fe;0,@TAPOB-BDTB it # fiE 4% 5

Fig.2 Characterization results of Fe;O, and Fe;04@TAPOB-BDTB

556.01, (Fe-O)

WGRE/ %%

553.71, (Fe-@) Fe.O
eV,

1213.39, (C=N) 1592 93, (C=N) = Fe,0,@TAPOB-BDTB

500 1000 1500 2000 2500 3000 3500
W/ em™!

K 3 Fe;0,5 Fe;0,@TAPOB-BDTB (1) FT-IR EAF4E R
Fig.3 FT-IR results of Fe;0,4 and Fe;04@TAPOB-BDTB

2.2 [EEZEREHML

3 T i Fe;0,@TAPOB-BDTB %f CPs [ & 25U A %
BRI, PR A A . R R PREE Y pH.
VERRESTR) . YRR RIS BRI Ve A AT SR 2, YRS
BaAT TRk, R R, R Fe;0,@TAPOB-BDTB
Py BE Sl 10 pg/kg By AN AR %MK #E AT MSPE Jf i 4T
HPLC-MS/MS #illl, £5 5 4 iR .
221 BRWAGRE

W BT A s AR R R A B O E R
TG E ARBUICE, X Fe;04@TAPOB-BDTB i F it ik
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T4k, 2, 3. 4, 5. 6 17 mg), WA 4A PR, 24 BDTB /£ H W .

] 1~4 mg WEREFIET, CPs i RIS Z iGN, FF7E 4 mg 222 FREE YR

AR B HRRAS o 33 R R I B 00 4 FH e R T 4 e LW AR PEM IR R ZE U RN B RS — . 1
WRHPERE, PR B K ) 2 TTARURIT B 22 A 45 5 mT AR w8 1% 204 {4 IRCERT () T AR R I R R0 A W B8 a5 5 o BT 7 4y
BRI AT 4 mg i, BRI E . I ERIE Fefih, MATHE B ORI o8 b, 3 3 el R e
MR EIARRTRS R, 2S8R 5 mg Fe;0,@TAPOB- LI ] (1~5 min) > PAG IR F] 9 5200 . Un1&l 4B BFR,

A ot B 100
90 80 -
S 60 #60F
= =
E S —e— S = - I e R
30+ —A— TR v B U 40 + —A— TR v R
—— LB —— YU —— LR —— B
SRR E e HEUR —— RN —e— HHE
of e H R ol —— BUIEGRG
2 3 4 5 6 7 | > 3 s 5
W o551 FH e /mg ZEIET A]/min
C gt D
100 b
75F
BN S gt
$r Hr
= =
= 60 =
—=— 2R —e— FE
60 - AT e U
—— LR — P
451 R e HEE
—— I LR AR TG
40 b
4 5 6 7 8 9 1 2 3 4 5
pH YRS [E] /min
140
E ZiE e £
LR TR RN

x©
(=)
T

[ R /%
3

[ AR /%

[ . :
120 - - 2 100 F p 2
100 [ 4
75 F
50 - &
AT v
wl S g
R o HE
Br — HE R
20
0— 0 : ! : ! !

2 @A @» @) @) @A _@A \@» Vfé)& 1 2 3 4 5
& @fﬁ‘\ &S o WMLV R /mL
H R X

K4 FARZEIRAS PRAL

Fig.4 Optimization of solid phase extraction conditions
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FESAIN) 1~3 min P, [AISCRIGHIE N . 249 5 i E] 4Rk
HOmMEr, RGOS, B, EE g
W, BEPE 3 min ME R AR E]

223 pH®W¥%

FESR VAT pH AT LA 5 5200 CPs (A0 i S HAE R T
W AETEIRE, SET RN S R4 COF MM TL/E A . anlEl 4C
Jii7R, CPs (I ZKEA pH M 4 355 6 missm, 7 pH
Jg 6 BF, FSCESERE KR 81.1%~87.47%, 24 pH 7E 6~9
Z I, FUCRIFGR TR, X RS AT A T CPs R
KA I T R (pKas4), TESS IR AR T AR
B FIERAFAE, XAER CPs HAasE, 5B BAH T
TEFE AR AN, SR TE R A2 e ik CPs BY7K AR,
FEARLAS AT e, A e T B A ST SRR Y pH
B 7, T DA R FIRE S AN T pH R 1 A2
2.2.4  FRBLE R 6%

A PR R AT LA R S R e 423 8, A
MRS RAFIIRISCR . ABFSE HLAE T IR RIZE 1~5 min
B P AR B AR . 40 4D TR, 9 Al CPs 7E 0~3 min
FIVEME E EHe bR, 76 3 min IR EICR BT PR, BEE
VRIS E] A3, pE A AR WA B A, [RIBCR AR
As R, YERE 3 min F SRR BT ]

225 HRBLEN G ER

TR R 8 700 P 2 4 X6F 43 A 0 D 4 0 O A0 I S A A 174
EEFAAEER, i T AR, s e,
2N ZER RIS AnlEl AE FioR, FEARIRIAYAEE 4%
PER, MH AR, CPs Ay IR By, X Al g
JEH T EE A . R RREE T . 5K RAR
VS Pk DL AR B SRR, AE VRN R g B Tt B bRk
A e, BRI A S AR B
22.6 SRBLEA AR

DAk B B A R M 0] B AR AR B A AR
R 4F FiR, 40 1~2 mL PR, N 2 iR

AR, 2 AT 2 mL HEANE 5 mL i, PR
RIARAEN, FTLLAZBEATT o X B 2 mL 2 DL 43
M AT A 700 2 T 58 4 Ve o PRI b, 39 2 mL R REAE Rk
Jv
2.3 IRBHALEIHS

97 YK Fe;0,@TAPOB-BDTB 14 5 MSPE W {1 i
HE I 3 E R N A 1 S S - a9 L
Fe;04@TAPOB- BDTB AT 121 n LB M 4454, rf
ST G RN RE G A, Y 9 Fh CPs Z [ f74E
o HEBAE HOME A . b il M R R AL R IE T
Fe;0,@TAPOB-BDTB A% & /) H. A7 Bk I, fE 3 58
COF Bt 3RS CPs Z [ psi KR 11 eAh,
W B 590 5 43 BT 4 4 ) T ) R A2 AR IL (R BB S AR T 45
FRAET ZEAHEAEH T, BT X CPs 1R BE
24 FEFFMN
241 KRB T

i MSPE JH F4r W 28 He ke i if, ME 2800 85+
0] BG5BT AR, DT 532 e 3 B 45 R 1 ot 1k
2-20%<ME<20%HT, ME ANBIE; 24 ME=20%H} K35
PSRN 24 ME<-20% N &R P, o T kA5
AR AR, AR TS bR it i 4 Xt 9 Fl CPs F
FETI5E . i 3 fiim, 9 Ff CPs 1 ME {H43 510 1.66%,
—0.17%, —11.16%, -4.32%, —12.55%, 6.63%, 18.78%
-14.33%F1 13.04%, Z5RFTWILEFES ME AR, ik
PRI IR UE R SMR LR BT SRR CPs HEF T 5E 20T -
242 ZMEE. BB, RERFAELE

AR %L T ZITIEN LODs, LOQs, &tk R
AN, FEREEE. R 3 Fiw, FrEsrfikie 0.05~
100.00 pg/kg T I LR R AT, D RE0GA) L 0.9989. 1k
{50 e 4 3 110 I5F, LODs F1LOQs 43514 0.005~0.010 pg/kg
F10.01~0.02 pg/kg, LOQs A%+ GB 2763—2016 FIER

#*3 Z£MEE. r’. LODs, LOQs. AR, HERHEE
Table 3 Linearity ranges, r’, LODs, LOQs, intra RSD and inter RSD

— 5 RSDs/%
VKiIEY) LA/ (ng/kg) r LODs/(pg/kg)  LOQs/(pg/kg) MEs/% ) o)
258 0.02~100.00 0.9989 0.010 0.02 1.66 2.86 2.75
S 0.02~100.00 0.9994 0.010 0.02 -0.17 7.46 6.44
Tk 0.02~100.00 0.9997 0.010 0.02 -11.16 4.24 4.90
W 0.02~100.00 0.9995 0.005 0.02 —4.32 6.31 3.90
V%1 0.02~100.00 0.9990 0.010 0.02 -12.55 4.47 6.53
Btk 0.02~100.00 0.9997 0.010 0.02 6.63 8.69 4.73
B A 0.02~100.00 0.9994 0.010 0.02 18.78 7.40 8.89
FH i 0.02~100.00 0.9991 0.010 0.02 -14.33 3.52 5.66
FH B 1R it 0.02~100.00 0.9997 0.010 0.02 13.04 3.40 5.02

R H PR (limit of detection, LODs), #& & R (limit of quantitation, LOQs), X1 #5#E (i 22 (relative standard deviation, RSD).
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No 396/2005 H#ILE UL E H CPs i KIREIRE . HN .
H B 3% BE SR RSD 2351 4 2.86%~8.69%F/1 2.75%~8.89%,
EEM R, H RIAER B HN RSD & T HJH
RSD, X Al fig & B WX AE— RN e Bt E, a0
W2l . AR KBS R A AL i Ah, X
o H B R ER T REAEAE IR 22, U RAE K IS 2Lia1T)a,
AIRESECH P9 RSD #i0,
243 EFEAFmAER

AN ENLE MSPE J7 ik T4 24 s i h 51 5
FEM Y CPs, AR H BHPERE R

T IHZOr R ER Y, AT T 3 IREKT, 4
FIEIN 1. 5 120 pglkg M CPs brUEA, 4R E 4
fiine 9 Fi CPs BIAR RN 80.33%~108.63%, RSD 4
0.35%~10.63%. I, AHFFTIESE T Fe;0,@TAPOB-BDTB
Ko SRR S FFR B () CPs 7 B iR AT 52 1Y .

F4 FITHSTF 9 # CPs MMAREIWER

Table4 Spiked recoveries of 9 kinds of CPs in Vigna
unguiculata samples

G1Ns]
3HTH) —
Jnbrik B/ (ng/kg) [EllR/%  RSDs/%
1 108.63 8.44
25k 5 88.37 1.54
20 94.90 2.95
1 92.73 2.47
SN 5 95.17 2.05
20 80.33 5.84
1 86.00 1.57
Tk 5 81.80 3.20
20 82.90 4.95
1 89.17 6.01
AU 5 88.57 3.42
20 87.40 478
1 102.73 10.63
V%1 5 86.87 1.56
20 99.70 3.46
1 99.53 1.63
Btk 5 82.80 4.18
20 88.80 8.83
1 92.67 1.72
TR AL 5 93.40 2.95
20 80.40 2.51
1 97.93 421
R 5 90.50 1.40
20 95.63 0.35
1 85.73 2.68
FR DR I 5 82.33 2.23
20 86.07 3.89

2.5 Fe;0,@TAPOB-BDTB HIAE & (F AR B D47

TEABRFR R, T Z R Fe;0,@TAPOB-BDTB,
7E H B AK 2> BB 2 min BEATHEBE, WA 5 FPR,
Z3d 5 WL M—BRIBS, CPs W BfF S 36 % RIS AT DL ik 3]
80%LA I, I HKEH =& M AR EAIBS I, CPs (1) [l 248
ALHAIXT A B, KBS MH Fe;0,@TAPOB-BDTB HAT R
(VT S A T, PR R AE o

120F -
90 +
O\\°
=
=)
60 -
- HIZE, —— N,
—A— T v U,
- 25 —— B
= RN o
30 —— HILER R TR
1 2 3 4 5
AR

K5 CPs TE 5 U BF-fi Wi 7 i i (e i ¢

Fig.5 Recoveries of CPs in up to 5 adsorption-desorption cycles

2.6 S5HEHMAEMLER

ARV R BTN TE S CHREN TSN
AT T A, ik 5 R, AR 55T iE /e
CPs WL EAT T Eh#R . MEE T RS, matrwim
B . WHHFHE . B E . LODs AR, 27
PAE R B A AR v BT LU PR3 e S A 55 A HR B[]
(3 min)NSEELT CPs WA ELE, WA T b
M5 mg), SRZEIA LA LL, %77 57T LR B A6
MWLM Cps 9 Mo HFHEAEEMDY
LODs(0.005~0.010 pg/kg). LA, Fe;0,@TAPOB-BDTB ¥
Gt R SN A A LR FITEFE D L PR AT
g, L CPs R 25 M PR | 5 A0 4R S A $2 4t
T—AVEMERE . RE MEFR T AT, BERTEIESLEE
TEADAEAE — B A S M, ST Ss 1 1 o 88 B F4 AL 1
SIMEARE it — 23R T, DARRARAE L & A4 7 1 72 v AT AR
A AR ) 25 5 . AR HE— DR R B S ek
225 R R R 7, FFIRATE R SE T A0 5 HLAE 2R 44 8}
H etk i 5 1 REIT 5T
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x5 AHREILN CPs W5 EMBEE S ENLLR
Table 5 Comparison of the determination method of CPs established in this study with the methods of existing literatures
VIRY] MR R B ] 2%
. Ff i AL FLRA R T Ah By 7 LOD BT 3 /% .
Kokt . . Jifk/mg  /min ) C ok
4 FERE. PHLIA Z-Sep SPE-HPLC-UV 25 20 0.005~0.050 ng/mL  80.4~101.2 [30]
4 oK. BB COF: TpAzo SBSE-HPLC-VWD / 50 0.017~0.048 pg/L  80.6~108.0 [31]
3. BL¥E.
8 KA., PR Co@MPC QuEChERS-LC-MS/MS 10 5 0.003~0.020 pg/kg  80.2~108.0 [32]
MG T

4 KFE ZIF-8/67@MIPs SPE-HPLC-PDA 100 8 0.5~100.0 pyg/mL  100.6~106.0 [33]

9 GG Fe}o%@DTT‘;POB' MSPE-HPLC-MS/MS 5 3 0.005~0.010 pg/kg  80.33~108.63 AHF%L

T /2R SOk P TR R

3 iieSEe

AW I LA R L R & R T A A e g5 1Y)
AN HHELEM KL Fe;0,@TAPOB-BDTB, F4 HATHM LY
FAFUL G 9 Fl CPs 2558 A 1M sl s 4Rk ik
EMIR R hF R E S, RIHX CPs &
PRAOEERE, FET Fes;0,@TAPOB-BDTB #1Hl, Afgra:
ST T MSPE HiA, #—44# T MSPE-HPLC-MS/MS B FH#6:
A, ZI I AR#4T MSPE B @3 4R b IhRE L &
HPLC-MS/MS W R . mEfERieGe s, eisies
ZeE AR E CPs Pl | RAY . R AR ZIR, K
b CPs FR R AIIRHE T — R sk, ISEm
o TERRMIFIE D, ABFEHRINE Fe;0,@TAPOB-BDTB
MRS B Z et BRI TR G, E— AR A A Je 0k
SRR S L, R ORI i A PRI A T R P,
T AN BB 0 1 B 22 R 55K
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