2026 4 7 A & i% Vol.44 No.7
July 2026 Chinese Journal of Chromatography 731~740

tibh ik DOI: 10.3724/SP.J.1123.2025.08002

EAHENMANERMBATRERPHTEY TN
1 m B A 38 3 AR B 33 % R

WEY, EhRE, FEE, TaT
(FEITR¥FAE ST TR, WA F5 266520)

FOE HTS e W R T T R BB DG G AR A B R TN AR (B A A XU | SR A S B A A R RS LA
S0 I 4 RS (W = 4 o, LA AR ) B kIR R AP R A ) BB SRR, o A I (e B BV A . AR,
B OB G A AR, R AT K e KA TS e R I R . T R OR TS G 4 B
Qb B AR L Tl AR i H A0 B ASHE W B A R A A B B . RN HLHE SR (COF) S 4% o0 25 3 3 S A 4 342 4
A 22 L S AR R, ELAT 0 B AT A SR R A R T R R AL AR AT D R AR ARG A L DL R R A AR e R
PR . B4 COF KRN COF 15 At el 3 a9 B mle Ak 2% Jy 1 25 LA VI [R) 580 07 A8 T &2 & 4
e B COF 5 HoAth A1 RL 9 2l 5 1k BB o AN SCLE IR T 8 5B V5 4L 90 40 B v % T 00 R G Ak 388 A | i i A A€ B
(SPE) . [E M i ZE B (SPME) . 4iit 1 5 W [ 25 B (SBSE) . 43 B4 [ #H 25 B (DSPE ) #1 i [ #H 2 it (MSPE) 55 . A SCHE 4
BT B4 COF M R 2, U5 0L E COF 4 -COF 4> T E i B & ¥ -COF . 43 J& 47 HLHE 2L -COF . 1, 4j 24
-COF Je H 7€ KB 15 Y 9 43 BT A b T Ak 380 v A Ay W B A A6k 140 1 PR D s 56 52 COF A RHFE £ i 5 7 Ak 0 407 3k
MR ok & R EAT T R

SRR AT G LN AT LAE S 5 £ WRE s R T AL R LR RS e

FES2ES:0658 ERARIRAD : A

Research progress on sample pretreatment technology for the
analysis of new pollutants in food using composite covalent
organic framework materials
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Abstract: New pollutants are recently identified or recognized chemical substances. They pose risks
to ecosystems or human health. Many are not yet regulated or lack effective control measures. These
pollutants show biological toxicity, environmental persistence, and bioaccumulation. They threaten
human health. In recent years, their detection frequency in food has increased. Efficient detection
technologies are urgently needed. Sample pretreatment is key for analyzing new pollutants in food.
The core of pretreatment lies in the preparation and selection of adsorbent materials. Covalent
organic frameworks (COFs) are porous crystalline materials. They are formed by light elements
linked through covalent bonds. COFs have highly ordered crystal structures. Their pore sizes can
be adjusted. Surface properties are functionalizable. They show excellent chemical and thermal
stability. Composite covalent organic framework materials combine COFs with other materials. This
is achieved through physical or chemical methods. The composites exhibit synergistic effects. They

retain the unique properties of both COFs and the other materials. This article reviews common
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sample pretreatment techniques for new pollutants in food. These include solid-phase extraction
(SPE), solid-phase microextraction (SPME ), stir bar sorptive extraction (SBSE), dispersive solid-
phase extraction (DSPE), and magnetic solid-phase extraction (MSPE). SPE is a chromatographic
technique. It removes impurities from solid or liquid samples. It also enriches target compounds. SPE
offers high enrichment factors and low solvent use. It is easy to automate. SPME balances samples
between solid and liquid phases. It integrates sampling, extraction, and concentration. SPME uses
little or no solvent. It is simple and automatable. It can be coupled with other techniques online.
SBSE evolved from SPME. It has a larger stationary phase volume and higher capacity. SBSE uses
a stir bar with a magnetic core. The bar is coated with an extraction layer. Stirring ensures full
contact with analytes. SBSE is solvent-free or uses minimal solvent. It is accurate, fast, and easy
to automate. DSPE disperses adsorbents into sample matrices. It increases contact area between
adsorbents and analytes. DSPE simplifies sample processing. It avoids sample loss. MSPE uses
magnetic or magnetizable materials as adsorbents. It captures target analytes efficiently. MSPE is
simple to prepare and separate. Pipette-tip-SPE (PT-SPE) is a newer technique. It packs adsorbents
into pipette tips. PT-SPE is flexible, low-cost, and needs small sample volumes. This article details
types of composite COF materials. These include magnetic COF (MCOF ), sponge-COF, molecularly
imprinted polymer-COF (MIP-COF), metal-organic framework-COF (MOF-COF), and electrospun-
COF. MCOF combines COFs with magnetic nanoparticles. It enables quick separation under a
magnetic field. Sponge-COF grows COFs on sponge fibers. It enhances adsorption capacity and mass
transfer. MIP-COF integrates molecularly imprinted polymers with COFs. It offers specific recognition
sites. MOF-COF combines metal-organic frameworks with COFs. It introduces metal active sites.
Electrospun-COF embeds COFs into polymer nanofibers. It improves mechanical performance and
stability. These composite materials are utilized in the pretreatment of food samples, where they
effectively enrich trace levels of new pollutants, including perfluoroalkyl substances, antibiotics,
personal care products, endocrine disruptors, and flame retardants, within complex food matrices.
When coupled with analytical techniques such as high-performance liquid chromatography (HPLC) ,
HPLC-tandem mass spectrometry (HPLC-MS/MS), gas chromatography (GC), gas chromatography-
mass spectrometry (GC-MS), molecular fluorescence spectroscopy, and Raman spectroscopy, they
facilitate highly accurate and sensitive detection of these new pollutants in food products. Future
directions include improving synthesis methods. Current methods are time-consuming and costly.
New techniques like water-phase synthesis are promising. Multifunctional composites are needed.
They should adsorb multiple pollutant types. Automated and high-throughput extraction technologies
will be developed. Green and scalable production processes are essential for industrial applications.
In conclusion, composite COF materials show great potential. They enhance the efficiency and
accuracy of food pollutant analysis. Further research will expand their applications and improve
performance.
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A BT B2 Y . Phalipat 257590 1,3, 5- = 1K
VR 2 e Sy Ok, 38 o A R B s g i 1 I
COF, I HilF MM KEERE & W& T —ME S
COF/7K HE Ji W B 5%, 1T % Ui % B DSPE, JL R 6%
A A B A AE - RS AR AR A R B A A
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F B LA A GRS RE A 3 e X R R R
B2 TR AN 2 Fp A U PR R . FERFR B A Z
JiE DOVE A I AU 7, B0 5 28 T I A &
B K BURE R U, B COF/7K BE i W BT 5510
A AR T, TR A AT R, R
FH 0 R, IF 0% Uk S 19 4 Bt B 2 8 S A
HPLC # 17 20 #1 o % 7 ik 09k i BR 4 0.25~0.50
ng/g, & & RN 1.00~2.00 ng/g, & i T HE# ¥ B2 L
07 493 R G RS Hh X R I R R R R R A A B 2 BT
S AR B 43 A A
34 ADBFHD

43 4 (EDCs) J& — Bl DU 48 ok + 3t
AV IR I 5 R Z ARG A S E A
Wy B A2 P e, B 2R 54K 9 A7 AE i EDCs,
WA AR IER R, B AERKRRE %
P15, W UL EDCs A0 5 MES R 0 A F e S
KAG WS Liu 5L Fe,0, 40 K Fiki h #5485, il
iz (BA) Uifigfk COF Ryobhac )z il il J5 i & e T
Ml % o BE 1L #% 72 45 ) Fe,0,@COF@BA, ¥4 il £ 1
245 MOBHME iy MSPE W [ 5, 4545 HPLC-MS/MS,
B AT T AR A XY TR RS PR R U AL C
o E T S T L 0 T SR T TR . X
Pt FRAK 2= 0.08~0.72 ng/g, Al F T4 A XS P Al
$NEESL T 6 B EDCs 1 $2 BURITAS I
3.5 PBEBKFI

BEL IR 390 J2 — 25 8 6% Uk 2 5 BHL 1k 7T 998 A4 LR e
MR BT . AR R BEAR R 2R W B )iz T
SORL RERR R AENR Z T A R 4L AR A
7 A T R AR e 000 R AR LR R A Bl oK 4
D5 A& AR T HEEAE R AH 43 BEA R (4 i Ak BE A
) 2 7612 5 AL 2 S0 T AR b B RO AT B B
Hpt X AR feE R 5 A 22 Bl BT 52 ) A 4 HOR PR
R 25 TN I s NA = | = s o U5 .
P43 M6 T M0 &% 0 . Gao ZE'°'LL Tp K 2K g
(BD) %}y J5 kL& il 1 —F TpBD-COF #1 £}, 4% K
W ATE SPME A S 4F 4 %1 J5 , 12 A 1 mL # i+
st FP AR B R, R T R R R AR RS I ) DR X
A(TBBPA) , 454 18 i fif W H 85 B H2 R, Sr 7 —
Fofr bl S8 A6 0 4 v FR R TBBPA (5 vk, Tk B
AR AF Y RS MRS S M BT RE S TBBPA 1
K H B A 5E R 42 %1 4 0.92 ng/mL F1 3.1 ng/mL,
A 7E 7 min P58 BRI . Liu L) 1,3, 5-=(4-
LI ) = (TAPT) Fl 2,5- — Fl 48 k-1, 4-— 2%

HI % (DMTA) Sy B4, SR FH I 50 340 i & 1 1 o 2
DSPE % fff %] TAPT-DMTA-COF, JH| T~ W Fff 4 45 i
1 P Y 22 TR B 2K ik (PBDEs) o xiF T 9 A RE 5 Y
A 3R A3 AT, R B R AR AR A X B Ak BLRE L
YRR B R 18 BT Ak O A R P JRE, PR R
B I A AR S B A T DL 1, 2- R
IE T BE- R R A W R BB, &4k B0 ),
FHIE © e Uk 18 W B 590 b ) PBDESs, 3 76 2 BR AL i
W OE e S TSR 3 - E I 5 A X
(GC-MS/MS) #EATHGM o 12 7 1% 20 7 7 # PR
s 5 PBDEs B9kt FR 4 0.03~0.13 ng/mL, &
HFR K 0.10~0.43 ng/mL, 3 W7 R4 A9 [l i %
3.6 K%

A 245 40 45 2% TR R BR) R TR AR ) AR K
PE TR A LA B s e IR A R . Ay
0] A S BOM 2 B A5 a8 AL B DL AR I 3R L AF
ZRAN R, Li 4505 g nT 48 SR A K vk
#% T ¥ 52 1 MCOF #4 ¥} Fe,0,@COF /% &y MSPE
W 6 3R, A0 A R AT R R R AR B Y 5 R ROk
M % A AR RS B R PR TR 43 o 2.5~2.9
ng/mL F1 8.8~9.7 ng/mL. Du %% FH Wi & il
T @& KA COF(TpPa-NH,) @Fe,0, 44k & & 4
B ¥ HAE Sy MSPE 19 W BiF 5], 25 & 5 6 06 1 2 %
FI 2% 3 S R 0 R b ) S TP IR TR AR 24 T 4
R AT TR, 3% 7 K B S 0.012 ng/g. COF
(TpPa-NH,) @Fe,0, G % il & 7 -7 H BLUAI 5 K 1E
F BB ORE S e AR TS ZE P, R AE S min NIk
) e R B A o

4 ZFRERE

COF #4BHE N Z £L A HLHEZE b1t L YA 3%
H 55 v B2 AT TP B9 4540 L AT R 45 60 FL B RS I 3 19
o2 55 AR E P L e 2 T D RE A AT 1 2 B
FIF 22 FEL dh 23 BT SR i 1T AR B BE S A A dE
FUARZr BTy B9 A€ BORR o FR, Bt I 2 i i 2 b
i 45 COF BRHE & 4 & b BF &l i 10 BT 5 2 W) 07 1
JEBLH T A0S B PR RE A R T o BT 0T TR Y R
JE FE AR 1

B it 5 B B2 2 M ORI TS S W A4 DL SO
U T 15 ey 114 1 B A5 G0 R A A AR BT I BT Y
PR, 3k — SR R 1 &S 7 ) LA (1) HRTAE A
COF 4 BE 15 W5 i A7 75 5 R I A L 4
JEEAIRSE DB, BR T 15 G A0 9 TR B R A B ik
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BT A B HURAIE I vk 4 1 D) A i 1
A WL e A U S5 T Y A T 1 1 AP Bl
ZWIERA . R, E A — I R MRAL B &
BT UL B 2 A COF MBI A U A 41
BERNA () TF R AR ZHIBERN K G COF #
o TR AE 28 g AR [ RE P EEE S R B T
FHEL, 2 5 COF #4 4BE 05 [R) il 1 B 22 b 28 591 4
HAR T . (3) K R T2 & COF bk 3 B 46
B anfegk il i | A S SE o (4) JF K ] ML
b ARRA FREE A 5 COF ARG S i T
T 2. A, RZHE 4 COF Mok & 45k T
S W B, AP RO A AR B R R AR
o AR AT B R R ] R AL SR
A CHN K AR & B PLBRAL 7 5 BTS20 & LSS )
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