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Advances in the application of covalent organic frameworks in
mycotoxin detection
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(1. College of Criminal Investigation, People’s Public Security University of China, Beijing 100038, China;
2. Institute of Food Safety, Chinese Academy of Inspection and Quarantine, Beijing 100176, China)

ABSTRACT: Mycotoxins are secondary metabolites produced by fungi. Food is highly susceptible to fungal
contamination, leading to the production of various mycotoxins, which pose significant threats to food safety and
human health. Given the diversity of food types and the complexity of their matrices, direct detection of mycotoxins
in food is often affected by matrix effects. Therefore, establishing rapid and sensitive detection methods to monitor
and control mycotoxin levels in food is of great importance. Covalent organic frameworks (COFs) are a type of
porous organic material characterized by their large specific surface area, excellent stability, adjustable pore size and
ease of functionalization, making them superior adsorbent materials. In recent years, COFs have become a popular
material in the research of mycotoxin detection. This article categorized the synthesis methods of COFs materials and
reviewed their research progress in the field of mycotoxin detection, aiming to provide a reference for the application

of covalent organic framework materials in mycotoxin detection research.
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Wil 5 B AR 2B T KT 16 32 1 LA B o i R A 3 14 1) 1,
TEWG 2 H W BB IR R ZAb, il 4 [n) ROk 857 31 2
Mo ERMNFE., A7, T, 2. HE% ERERE
LRl SRR IR, A SRR IR G 2 BS
el Jrp B R HA M2 . BRI, BN
B S AR S, AR R R i
B TR W SE LA AR NIRRT, AR 2 E
TR B S i B (A 30 e H AT A S ELREE R Y 400
ZRb e, #hEEE R (aflatoxins, AFs), i EEEE R
(ochratoxin, OTA). k3% (fumonisins, FBs), A EHE
ik 7118 % (deoxynivalenol, DON), J& 7% & (patulin, PAT)™
A Z B AT KT . BRESAN, RS 2o 5 2
P HWHERTGY, HETE R RTS8 H
B LENREENRZ —, FILIF R FRPE . RS
Y7 A £ Sl A L R R R T B AL R

R T RN B RGY S, 2 ERAMET &
i L B R Y BR B FASI r i:, h rh ELTE R A T
F B BB AR CER T T AR A EIL. BTS2
3% v U S0 M B 3% 5 (high performance  liquid
chromatography, HPLC)™ L J 3 F it i3 4 /A (2 3% - A3 Bk
J5t 7% ¥ (gas chromatography-tandem mass spectrometry,
GC-MS)P! | M €038 - HR 6 S5 3% 95 (liquid chromatography
-tandem mass spectrometry, LC-MS/MS)!' | i AH {5,135 Fk
3 HE % (liquid chromatography-high resolution mass
spectrometry, LC-HRMS)! V&L fifi Ff Ay 132 F G 5 325,
T R T IR TR 7 2 A T U R A o (R B £
Ry DU A S PP | 7 B P RN A P 0 et 2 B EE A, TR fgis
Qe P 7R SR A A 3 (/%153 NS R A 10\ 37 S
P2 A A T L S B L TR A 2R 00 B 3 DR A I 4 R
BT K ok, (X SeHOR M AF7ER B . RE A
RAGEZBET, SRR E | JERE Y, HREXE
o LT B R U TR S AR AR A — R P R, XA AT
TACFRT] LI ROHBR AT . SR vEm b | R e rE R il
B, FIEEFR SR 1 8o B E KR .

H BT A 2 FoprE T 5 5 7 23R A i e b $0 d
72, IR A HLUE L8 8l (covalent organic frameworks,
COF!' | 4 J@ A HLE 2241 £l (metal organic frameworks,
MOFR!'8 | A FEIE 844 (molecularly imprinted polymer,
MIP)! | SRR gk A AR P Rk R
COFs MELEAE SRR, FEWERE . AN
Bt RAFRIbE R e MRV e L TR AL R gl A

SRR, AT SRR L L . R AL b
AR IRy A NP 5 AR L COFs A4k}
HA A2 R v AR E M, I BT A 008 B 4
B I S Y, FERRI A R A B R COFs 4
B SRR B R B, B2 TR R A
A T COFs MRHI A BT sURAE (R ER1E 1 T4
AL LT BE 2 TSI 7 1T A FFE 0, R B0 22 4 M
PEft OB AOBOR AR KK, A BT ORI
Al R R RE R R, TS A A B 2 A

1 HNBNFRMEE T

1.1 HNBANE RV

COFs MEUEmmE. A, A. &. WSz
BEERRNY  ELAE SR R A R ) R = ARG
FRE R B LA 2005 AR, 22 5 3R TG 1 & S
MRG0 A SN = A B B RT DLy R R . R R . %
G =R sp? SEPOLE COFs Mok, HREGN I N
12K COFs M FLATFEMIE COFs #kL, WL COFs
FHRIA =5 3E COFs Rt Herbr LU FHUS A3 B 1) W7 28 3
COFs MBS S AR, o4t s e, TR iz,

COFs M} 2l ik v M LR Bk i
WA kP =R A PO A R MU A B Y TR
FE L RS AR S, AT AR AR S R ] R
RO EL RS REBAM R . HET COFs
M4 BT B RRNA FA AR, FRE R,
il £ T 20 2 0 TRT B8 R RIS A 7= A e AR e A ok iy T 2
RIEITI .
1.2 HNBNE MR RN M & Ih a4

HRAE Y COFs MR HAT R B R R BURIALEE | RAFH)
feaptasett . AR ENE . DR AW RE 1 SR, 2
AT 7RI K. COF's RRIR WL BHRE 1 AL 32 3] mem SR
AKPE L B R JUTEEAR TR AR, 2 B R
mH e, fLAE. TER. BFE. S, REEEt, §
REA IR R ARl k4 COFs A BRI i FLAZ FI
pH. MR . S50 LIRS B, CAMEM RN
S HEE BB BER AT LRI TS Bk 1 COF's 41k}

Bk T EE COFs #RHA B IR FtFrid: 4, 4% COFs #1
RS AR RS A F A A R E COFs bR
REAHT % i AR R 250K COFs SREMER AP
SRR AR AREM P MOF #ERIPIZE & s &
AR, B & MIP-COF & 4 #RPY, Hirkt COFs #4
R R E A OK BURL 45 A TB Y wE A 35 A A LR R
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(magnetic covalent organic frameworks, MCOFs)J& H B it %
W ) COF's W B4 k. MOF-COF 4 451 KHE L B T MOF
MRLHEN G 20 | FLERFRTE AR R AR s, AR E T
COFs MRHERR . Bk F IR A2 Ree iR et BT
Tl COFs #1 kL5 MIP &2 & 7] LUE At A HLE 4L 5 415
W5 A #1 B molecularly imprinted COF, MI-COF), BE#J LA
KHE COFs MR = I RE 1, AT LLARTS MIP ARH &
TPEFEME, DA 5 e 1B 45 R B A o

2 HNBIEREMBERRSZRNPHINA

555 AW B 5 A B, COF's HLAA 1 55 W R PR RE . I
HL 3 ] LIRS A FH & 10 B o LA T i, 456 B0 i i
Ak B AR AT AR K AR I 0 ny, 48 s ke )y 125 A R A
B . MET COFs # K E £ 5% 5t [E 41 25 B (solid phase
extraction, SPE). [&FH{#ZEH(solid phase microextraction,
SPME) . % [ #H #£ B (magnetic solid-phase extraction,
MSPE) . 43 #{ [ #H # B (dispersive solid phase extraction,
DSPE)% A3y k4 G0 1, 2 H il =85 . AFs. 2RHIE
R RN F LW . B AT COFs L& H A=
F IR TSRS T 8K IERE, MR8 COFs AR Z5 )
FIPERE, 20 LS A#EE COFs, TREfLIBHi COFs, It
MABVEIRE AR COFs 28 #8455 L2,
21 BHERNEIE R

MSPE  J2 1 1 11 W B 700 20 B0 55 A F AR O i Ak
BRI, XA L FeyO4 SEREMEY TR BETS, MR
H BRI R A R W R SRR S i B 45 FesO,@COF

26 S A1 A T B 53 5 L RO B,

MH LY AT LR ERMBFER AR B fE, HER Tk
WE 1 s,
LI 2589557 7 —Fh 3 F MCOF-LC-MS/MS 4357 Bt

43 [ #H 2% B (magnetic  dispersive solid-phase extraction,
MDSPE)E AR, AT LRI AR 95 . B . oK Z AR
U&7 K B, (aflatoxin B, AFB,). # & 8 % B, (aflatoxin
B,, AFB,) # 1% 7 % G, (aflatoxin G, AFG,) ¥ HI&HFHZ G,
(aflatoxin Gy, AFG,) 4 PR . XL 1,2,4,5-0U(4-
F R 3 2R 3 ) 2K [1,2,4,5-tetrakis-  (4-formylphenyl)benzene,
TFPB] #1 X} # — J§ (p-phenylenediamine, PPD) il % Ay
Fe;0,@COF (TFPB-PPD) W] EZ(HH 8 kLA k. [FIZIT
A R IR B T A g Ay i, X E IR
¥ MCOF 1T AFs B & K.

AFB,. AFB,. AFG,. AFG, 4 # AFs T8 T4
PN, mE SR M, (aflatoxin My, AFM), B R
M, (aflatoxin M,, AFM,)I A2 7E FALH 5, a7
i AFM, . AFM, B RORHI i+ 4 2L . iR A
PL2,5- 5 3-1, 4 R 4,5 - (4- 2 FHARF)-[1,17:2°,
1”-terphenyl]-4,4”- —J&VE N ARG B T #E 1 Fe;0,@COF,
Ik H A T AR Ry AFs i B 3% 50 56
Fe;0,@COF M H &2 (i FHUEGHAT TAF 5, FAE A 8 K fal
R R BB R R {8 ] LC-MS/MS X 4= Uikt bh H i AFs
AT, AFM, . AFM, (kRN 0.0069~0.0078 pg/ke,
FE AN A B AR T AR S . IR RN AFs
P4 ER ST A PRI 52 SRS PP AT O R, AR P RE AR AR
AR Fp A EE A 1 A

Ik AFs 41, OTA 2 [ 5 7 4% B A AR 1 FLTA 77
R, EEPMEES RN E SR, A SR
FoErE . BORPERS e 2 B, EL I OTA 1Y
JrikEREE, YANG %% T Fe;0,@ COF-DhaTab
F MSPE, 5= &0fAH (i A0S & 0T DL 0 . (ES A1
BHEH OTA WK . FrEd 7 T Fe;0,@COF 1Y
MSPE-HPLC #a: I J5 W B I BRI 5 ARG 1D . Ml
FEZ 0.1~800 pg/L AY[EIAT RS H FRALIAE] 0.03 pg/L, FBH

/! A Hiry N
! @ Fe,0,@COF !
E Fe,0,@COF m R |
E i U i i I E
E @ A& ! =) - é - é - AN A E
§o . B L & S o § H 6 MM A% kW !
: = NI s oe 5 A T |
~d ] e
| A n® (R '
| A B ° o® ;
| SO "% . ] |

1 MSPE i Rn = A
Fig.1 Process flowchart of MSPE
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COFs M BHEFLTR 7 ZAF i 1 TR BH A Ay LR i v
71 fHHA B Fe;04@COF-DhaTab HJ5 LB NI, 75 B
120 °CHYFTH R ZE PN 72 h, e IAME T &M
1 COFs AEMIY I 2 1il 1Y) B 22 & Jre Jr 1] .

WANG R FI A B A S OE R AT, TR A
FIZA4 S BV AT i 4 B e 45 F G PE L0 A ML R oK
BEAEMB . UL 135 = 4 & R ) K
[1,3,5-tris(4-aminophenyl)benzene, TPB]F 1,3,5-= H [ [a] 25
=TM(1,3,5-triformyl-phloroglucinol, Tp) A5k, i i i Fe i
J2 N AE DU S W SRS TR R i M 2652, 1SR HA K
LRI SR S R E PR Fe;0,@TPB-Tp.
FE T 1A A - R R SOBOR 8,335 - HR BB ST i 1% (magnetic
solid-phase extraction-ultra performance liquid chromatography-
tandem mass spectrometry, MSPE-UPLC-MS/MS)#Z: ] LA [s]Hsf

MR 5 P EOK IR 2RI I (zearalenone, ZEN)R W, 7EK:
DU 09 R R 3 2 A R A 4 R R -

KEBSr COFs #RE HRB AT Xt B —Fh e 1) B 75 kAT
W B, A R B L R SR8, WANG I
FesO4 N WG # i A 13,5- = -(4- " R XK ) = %
[1,3,5-tris-(4-aminophenyl) triazine, TAPT]|F1 2,5- 32 FEX}
oK W (2,5-dihydroxy terephthalaldehyde, DHTA)} Bk
MBS T Fe;0,@COF (TAPT-DHTA), %54 MSPE T L)
[ SR E B ARk P ) AFB, . OTA . ZEN ., 3 % (tentoxin,
TEN) . %5755/ (altenuene, ALT). 4H#% F# % (altenusin,
ALS). AZF4 7Y 5 H i (alternariol monomethyl ether, AME)
A2 i 701} (alternariol, AOH) A 4l 22 54 71 I i BR (tenuazonic
acid, TeA) 9 FhILEE R LAWY . Zr k& B
Fe;0,@COF (TAPT-DHTA)EA & HFRFEFRIR, AT LLE
O B 5T Hh ( EL PR o SR JT] MSPE XA A B ST TAL 2,
LML S 0.05~200 pg/kg, KrHiBRAKE 0.01~0.5 pg/kg.
ZJEN T PRLIA . VIR, AR, ISR TP E R R
R, B AFB, Al TEN Sk ISR K 3] 80%LA 1,

MSPE AR5 . BUAMIK, @ BA 52t mE . AL
TR /DS, K COFs #48H5 MSPE 454 ]
DASATE R ZEBE 1 o I Bz r AR TR B Gl .0 it
g, Wi SMmEE R SCIGH 48, T DSPE 43S
TR Ay RS A i, TR LR AR I R B A3 i D
o I SRR AT LK ) R R T
2.2 ThaeEimEN B ERmE

BT COFs M ¥t 5 Hint =z nl 2 h AL RE R e it, =
FOLHEBEMAL X oK M R RO 2 . RIS DN
Xf COFs MYZ5HEAT AT M L pyiz it A, watshtefe
COF Al AT AR AR, H AT ThBE Ik g4 3 54
FEHTA BUB RS A BB . FT& BB 1 AT LU I o A LR
5 ABREERIETT COFs BB FHReE, X FhilE &
B GO R O S — e AR R St SR

WANG MR = (4-Z KIS 2,3,5,6-PU 5%t
KMEEEAR, BT BINAEIL COF #1 K F-COF, il
2A 7R G F-COF JHT SPE, 456G WAH G-
K M #% ¥ (liquid chromatography-fluorescence detector
method, LC-FLD) A UGN AEAE | TF0 R 9 AFB, . AFB, .
AFG,. AFG, 4 e . 20k ks AT OB
LSRR & N RE AL F-COF, AILL@E i F-O. F-n LK
F HABFI 528000 B O E B D RIVE T, KRKHE S AFs 19
W itk %, Fradtsr i) SPE-LC-FLD J5 B57E 0.08~16 ng/g I
LR T FE Y IR [T A 1) 83.5%~114%, - H F-COF #4
BERTE SR 12 UL, 4 BR A e T R B AR o rh e
HIBREE . 5 5 A& F B REEE M COFs MRt ik
AUH AFs oAt 7Rl AT a0 oA siems, i Hob ik
THAN 2 BB R AT B MR R 5 LA v 2800 B R e B H AR A3 A
YR TR R

KRZE COFs Mkhi s HABKYE, 53K 4
GReNFE, MIRRILBME COFs AR AT LIUINGE COF 5H
bR b SR /K SE ] 31 1] (0 S0 5e A r A VR T, AT 42
COFs bS5k Bbstisi &84, WEL %L 1,3,5-1
= KL & (trimesoyl chloride, TMC)#I PPD MRl 7EE iR
T AT WM E MR E ORI
Fe;04@COF-COOH, UN[& 2B firzR . %584 7 19 MSPE
JrikY LC-MS/MS BRA RN Z i A #E R, BA
Kt B AR = 0.1~1.4 pg/kg, {HILAT LB A AFB; |
AFB,. AFG,. AFG, 4 fiigiili&i R . OTA M dHER B
(ochratoxin B, OTB)B#' OTA . ZEN . a- & K Ik 8 J4 B
(a-zearalenol, a-ZEL)Fll B- & K IR 25 Ml (B-zearalenol, f-ZEL)
FLFEERER . It HIZE IR T EA AR COF 5%
TER R R A N A R ke, A0H F IR AT LG K
Fe;0,@COF-COOH, 1 2= £ fi H 5T 1Y) 22 i FL TR 7 3R S X
AR Ty TR B N g

i F— Skl B REH 2 X COFs MR & B A 52,
T EHGE A ATA BB 5 A, X IR ZER G & B i
JEBIABREREE . RS . EalE . Ll
FE . REREBMSE I, WOk BT AR E RERH
AT LA 5 T RE AR AR G 5 A F] COFs AR UL M it %o
COFs M RHEAT I & BB D BE A & —FIARA I K08 1 i
Jrik. YANG U7 il 4 ZIF-8@COF, 4AJ5 LA ZIF-8 1
R N, R T S0 A5 R g s 0 2R A PR B
(hollow-structured covalent organic frameworks, HCOF), i
LA 2C 7R, HCOF il sl fuAfasE thm . Al
SAEFARECE o, X T UK ) AFs FIIE SRR (L 2K )™
R sk Rt B TR COFs o 1 MF 5 i 44 il % B HCOF
A RORAR (38 - Bk 4 G R, A SEBRAE S R ) AFs
IR 2T Y, AT T B LR TS L A6 BR AN
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ESz
A O
NH, F<{ - F L<%ﬁN NH
HN ¥ F ONO
FEF eNa O
o) — @ X,
+ —{ / A\ E— N F‘h:>—F
N > 0 F%:j/z—g F>=];>,
F F
F N @
H,N NH, @ S
N. ) F = g N
ISR SN, bt =
HN [ ;)_()_F
Sali Weal
N 0_OH
OoH HN HN n
B o} 0 0 0 o O HN o}
HN | N 0 OH
o T a Q‘H %
_I_ I ‘ — HN_O 0O“"NH
H
t i > J N‘@
P HO (0}
o~ “al g %o o o o
N
gy
HO O
C ZIF-8 ZIF-@COF
TPA+TPB HAc
—
X 2K B (1,4-phthalaldehyde, TPA); Z.f#(acetate acid, HAc).
2 Uifgfk COF il & el 7
Fig.2 Preparation process of functionalized COF!** "]
23 HNBUNBRSHFENEEEME Bk SRR UG LE 80 °CTF 2 24 h BIAT &8,

B T X+ COFs M RHEA TN REAAE i Sh, #4 COFs bkl 5
LA R AL 45 B 1 A B Rt 2 R W B AR 3]
JJ7 1. MI-COF 3 # /2 J T T Re s A S AR (v AH B4,
LD AR A S SCHCRI R A TN MIPs Hh ZSBREA S,
T BERE R R SR A3 1 BN . B R AT AR TR
FINE AN L FEARFNTT ) A E AN, I HL MIPs fY3
BvE A e TR AR R, AT AR R W B

SU UG 2,4,6-=(4-H ALK IE)1,3,5- =B
RFERAA, HEEA C-0 HARKM A hekE, 5
1,4-5 Z M &5 45 22 ¥ COFs (flexible COFs, FCOFs),, fdi
FH FCOFs 1] LAV HE SR AT AR Rt by, AT DL A 55 MIP
W RHES A T 45 MI-FCOF &4 bkl DT i ek
A BN MI-FCOF &AM BHA W B £t 2 o o0 BNk
FCOF 1 3 1%, WILAmEEtE It AFB,. AFB,. AFG,.
AFG, 4 fhigihd % . [Fi MI-FCOF & &R & 41
WA, A BCE R R, ks, 29l 3

B L) MI-FCOF 524 AR T [ AR 2% - i 200 A €233 -
2¢ HeA I % (solid-phase extraction-high performance liquid
chromatography-fluorescence detection, SPE-HPLC-FLD)#;
W, AEOKFE . K /N RAEARE 5 b i 0 A el i e A
85.4%~105.4%, UEWIIZJ7 12 e — Tl e 5 503 A A 41 1) L
AR R A 7 I TR I AR BB & MI-COF
BAMBE T A MI-COF &AM R & AL T80
WAL, MR AFs R BRI )y i LA S COFs #1kH
HI DN REAL I AR A 108 A JELB AN 45

AT MIPs FHF D b RE bl s ZENPY, (i
Gy MIPs il H t C-C et R4k, MEZS)
T SR AL ECRE 45, 1% MIPs 755 Zpt il S i
ZEN [HWZFFHBE T REE AL o LT SFPYRIDU(4- 2 30K 5L
HBERIAEARIE S ZEN (S RESARFIORISNT, i 3 s
PR B RS HLA AT MI-COF ffLAAfli S ZEN 43+
fR/INIE D 44T MI-COF (¥ DSPE J7i2: 1 F43 ) ZEN
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FIATAL 24T HPLC &, fHBRikE] 0.21 pgke, FER
Koo KL NEE L e L ORI 4 DR
93.7%~101.4%, X BLAHZ I L A BARME R . RIFH)
TERBERS 25 B2, 9 H MI-COF Ay &5 E fo i v Szt i
1) ZEN HE4 7 TCIE B AGH

COFs 5 &Mk b 45 4153 BRI A FH AT LLZ 45 W R0 A}
HIEAS, BEREERE, Edtlf COFs #RMEZEMR T
. BRTEA KEM COFs &4 MR T4 5 v i)
EHY) R T RAFAR B RE ST, 75 BB B R Rl b,
Bk MIP SMA A HoAt () COFs &2 & MBHG 15 F I & Ak, %
XFH AT COFs & A MRS BUSA R il 1252 24 BLIR,
TR HAT MR . WHHEREIE S . A Bl L nT 342 fif
RS COFs &KL BN A IRl A48 R 15 iR
114 DK R A A
24 HNBUERMEMEREE

AT YRR R B T L SE VI, A
R AN RE TG e B AG BEoR . 1925 T COFs JiARMY
EALTERE . PO E R R B Sh REIL B4R BE T, #% COFs
EHRIRER G55 45 COFs fLIRARAEFF R mak . RBU s
o D A T 1 ELAT 4 i AR

CHEN %D 3 i i [ 2 /e L0 A HLHEZE |, JF¥
HABMT B i Ferm, it ZEN 5HGE AR Sk &
SCEL ZEN HEE 1R RR b A . A T AL IR
ZEN Mue#erk, %525 H OTA. OTB. AFB,. AFB,.
FBs fEN T WA T LA, 34w ; [ ARAIE,
T 5 5 ZEN TRA X i B (B A 2 AR /DN, D6 B 7 i 2
A B B L %07 A AE 1 pg/mL~10 ng/mL Y SELRETE
BBl A& L BRIAE 0.389 pg/mL, A ZEN YL | A
ST AV B L T 0 L B

55 19 T 14 B TR v 5y By 10 M A L B 2 T 100 4N K
WAL HFHE T B EENTE, 5 80E B SR
it B E R, ML T, B S e B A R 0
FAER AR I, AT LASE BOK 4 RS B AR JL IR I SR A
B R L RS MU AR E Al Ay . GUO &Nl
FA XS 2 B R R 2 e Ry 3 B R0 AR Ha e - S (v A 3
WrBEep kL TpBD, Htk LR TpBD HA RiFHEE

PE, IR T IRAF 15 d JFABEIR S T6%MBILGTE S o izt
FE A5 I AL A W A% SR T AG I 2R W5 () AFM,, A6
B 0.15 ng/mL, HA B 1 R AR 1

Kk (gold nanoparticles, AuNPs)H A AR
fhbERE . Rtk AR e . R A DALY ik
—HINREAL SRS, O TSR DY B
K H R E R AuNPs 181 COFs A BY TIE AUE £ 1Y MIP
WA, PR AR REE . GU &Pl T
AuNPs 187253 E 2 AL A5 HLE 22 42 45 o R A
R AT 144 8428, COFs-AuNPs JFEHIHY 5 | AR EN i Y
S YELE IR T T AR IR 2 BRI, ST ELE R A
AR S PR PR B9 vk LA A v P RS 8 S R e
Pk, LA 0.05~75 ng/mL Ju N R 2.8 pg/mL,
[ A5 87.0%~101.7%.

15 1% 43 M 38 i &K (application of aptamer, Apt) A 455
PERISR R RN R, AR 2475 50 T OTA AWM
ST T R B RN AT, ZHOU P TPB AN
2,5- — H AR 3L X % [ (2,5-dimethoxyterephthalaldehyde,
DMTP)il#) COF HAR S IRER . F & s vEAL
S OO S . 7E TPB-DMTP@COF | 3] A £ 494 i
BLh A G, H M COF-Au ] LIt Au-S LI Apt, TEAL
AR SE M COF-Au-Apt A MESEHZK BAr9 1 OTA. %
JrikE R KL A AR EA T COF-Au-Apt #R%f, If
.24 OAT SHR4454 )5 COF-Au-Apt 23 MRS T B 7%
MAHL B IRAA, iR e R AT SE 8 COF-Au-Apt 14
EFIIEIAFIA, TLAESA A 7 e b

F 1 BG5T COFs fLIRAR N, A4 IRE8 1 k£ 1
XA BR I A R E AR K, K COFs MBLZE & 1% Ik
AT HLA R R A A R Iy 6 B B E A
MR REE X BJE HATA A RN E 2%, AL T 5L
B3 Wy B, M LAKORIUASE AR 7 ek &2 A AR R T BE AL A
RHRFSE, I & fE 8% BRI Z A4 H B4 8 COFs, S2BL
22 T L A 2 310 v e R S A I S AR SR A A P R
25 HitHMBUERME

Il (A AT FL M5 55 1L 8 T DUHE R o P T R PR T H
BEHERT BT AT, (A EHTE TRAR . ARk . BRI IRRE

&1 COFs HREERBPHINA
Table 1 Application of COFs in sonsors

2R3t COFs Hiry i HE 5T 4 PR 27 3CHR
U L fb2e TAE s TpBpy ZEN Tk 0.389 pg/mL [52]
GCE TpBD AFM, 445 0.15 ng/mL [53]
AuNPs-QCM CTpBD AFB, VIS DN N & SNV 2.8 pg/mL [55]
Au-MB-Apt TPB-DMTP OTA Tk, M 0.12 pg/mL [56]
Tb* 9L IR Dpy-NhBt OTA INEE 13.5 nmol/L [57]

2,2 - BNk RE-5,5° - H (2,2 -bipyridyl-5,5°-dialdehyde, Bpy); 7% (benzidine, BD); 2,5- —F3EX 28 — HI % (2,5-dimethoxyterephaldehyde,
DMTP); 5,5 - H J£-2,2°- Bk E (dpy, 5,5 -diamine-2,2 -bipyridine); 2-#83£-1,3,5-7% — HI [ (2-hydroxybenzene-1,3,5-tricarbaldehyde, NhBt).
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AT S B0 52 2 £ it R R 1) S5 6 I RS G . WANG: 2587 [
RIENE B COFs #PR}, il & K A HLE 2202
i (hydrophilic covalent organic frameworks coated steel
sheet, HCOFCS) A AP R {4 954 5 (1 ZEAs, 456
W55 55 Fh, B HEA T 40 A, AR A3 HT i] LATE LRI e i, HLMAH
PRI 3 B/ o %07 ik i BRIA 2 0.05~0.1 pg/L, KT
W LI 25 L B, AR [EDCA R 80.58%~109.98% . {Hi% 5
BT E ARy e R, TR . REUZL, 7ERE
it B BRSEL 1E 43- T BRI AL % COFs #kHS
SO S LS, B S TR T B AR ik
FEME DTS2 BUAE: il 4 o e PR PEAGIN, SRR R 4 L T 15 0l
JOZRF TE], X T 2R 1 B DR A DU A o S
i
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Fig.3 Electrospray process of solid substrate™

=4t COFs MRHHA R IR, SARA R L,
HCAH A H 4k COFs BRI w5 (1 W SRR, e B
B 200 R A BOR A B R B0 AN B WANG 25190 ] =
(4-W )M tris (4-formylphenyl) amine, TFPA]FIY (4-2
FEIEFL)H B[ tris (4-formylphenyl) amine, TAM]iXi13+& B,
T =4k COFs # ¥t TFPA-TAM, FHililxt 4 FA [ 25 144
oy AT B R e 2 4 %) R B 1 BB A T L 3R 3 A e R Ff
IR . 2 R F PR I SR R AR P I S S AR
E A ZARic (stable isotope labeling, STLYRFIWEFT H B
FI LC-MS/MS 43#r, i it DNS-CI A7 A b4 5 1 R B,
MM SIL SR W&t/ Mb T BB . [, BT ZEN. ZEL LA
Ko 26, i 55 & (sterigmatocystin, ST)HF &4 DNS-C1 475+
PR BB T, %0 A RS 0 B AR R B 0 miz
BT LA T — A58 2 B 40 6 ) 19 22 I W T (muwltiple
reactions monitoring, MRM)J7 ¥, W LATEBA BRESh AT
BT B B R R S R T MRM R A R
WA ) ZNT 5 min, AR EIBCEIIR T 90%, FoK . Aok,
INFE L AR A ZRE Z R A WP 2k T AL R
93.5%~98.8%. H T =4 COFs #RHG RME, HATE =
4 COFs MBI E D . SRAE SR AR, SSIfL
By, A AR =4t COFs MR 5 1 J& COFs M RHT &

#16 &
BEEYIR
3 HFRIA
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PEXF A3 e R ™ . PRI, TR i R
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BRERA AR RIS A, 2 S IR 5+ 20 T 2 20 v AG I 71 A%
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PR RS WA A s, BT e, SR B AR A
JIRT ARG W B B AR, 76 BL B BE R 1050 25 5 A A
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LK) Fe;0,@COF 1] DL 52 Bl B 1 & 2 A0 PRk 4 5,
T LA B AR Y W B SR T2 i I AT B . BRI
Z AR COFs MR T I REAIE M, BI AT RERT . Shp i
I AE COFs AYMLBRHRRPE, AT AR K o X e B
FER MR BE MR RCE . T LA D REFL Y COFs A4k}
WA AT T IE 7 1] o FLAR AR SR — P I AR
Bl . YUK ik, 5 COFs MBHERD nT LI A
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