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Abstract: The coastal zone, a critical ecotone where marine and terrestrial environments converge,
contains complex ecosystems, is subjected to highly intense human activity, and is experiencing

escalating threats from anthropogenic pollutants. Rapid industrial and urban development has
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witnessed the continual entry of new pollutants (NPs), such as persistent organic pollutants (POPs),
endocrine-disrupting chemicals (EDCs), antibiotics, and microplastics, into coastal zones. These
NPs are present in low concentrations in the environment, are structurally diverse and chemically
complex, and pose severe risks to biodiversity and human health. Methods for effectively screening,
recognizing, and precisely determining NPs are urgently required to understand their environmental
fate and toxicological impact, and to formulate abatement-control strategies. However, the intrinsic
complexities of coastal matrices, as characterized by heterogeneous media (such as water,
sediments, soil, biological components, and the atmosphere), high salinity, and interference from
a variety of species, demands advanced sample-pretreatment methodologies coupled with highly
sensitive chromatography or chromatography-mass spectrometry (MS) techniques. Functional-
material-based solid-phase extraction (SPE) has become an important sample-pretreatment method.
Molecularly imprinted polymers (MIPs) that operate through “lock-and-key” molecular recognition ,
have become very popular in the SPE space. Nevertheless, MIPs suffer from issues such as template-
molecule residues and/or leakage, low adsorption capacities, low mass-transfer rates, and poor
complex-substrate adaptabilities, which restrict their practical applications. Recent years have seen
the introduction of metal/covalent-organic framework (MOF/COF) materials with high specific
surface areas and adjustable pore sizes that have provided new avenues for improving MIP per-
formance in a manner that significantly enhances adsorption capacity, the mass-transfer rate, and
applicability. Consequently, MOF/COF-MIP composite materials are attracting increasing levels of
attention because SPE adsorbents play important roles when screening and identifying NPs in coastal
zones. Herein, we review recent advances in MOF/COF-MIP composite materials for use in SPE-
pretreatment applications prior to chromatography or chromatography-MS for the screening and
identification of NPs in coastal zones. Firstly, MIP synthesis methods are briefly summarized, and
key factors, such as adsorption capacity, the binding kinetics mass-transfer rate, selectivity, and
anti-interference ability, are discussed in detail. Adsorption capacity depends on recognition-site
density and accessibility, which can be optimized through controlled polymerization and MOF/COF-
MIP hybridization. The mass-transfer rate, which is influenced by surface hydrophilicity/hydro-
phobicity and pore architecture, dictates the analyte-diffusion rate to the binding sites. Advanced
imprinting strategies, such as those involving restricted access materials (RAMs) and multi-template
imprinting, are critical for minimizing nonspecific interactions in complex matrices. Imprinting and
selectivity factors (IFs and SFs, respectively), as key indicators, need to be rationally provided
to deliver MIPs that are highly and reliably selective. In addition, this paper discusses methods used
to prepare MOF-MIP and COF-MIP composites, focusing on the structural advantages of MOFs and
COFs, including designability. MOF/COF-MIP syntheses leverage structural and functional synergies
between the framework and the MIP. MOFs, with their metallo-organic coordination networks, serve
as stable substrates for surface imprinting, whereas COFs, which contain covalent linkages, enable
functional groups to be precisely tailored. Techniques such as radical polymerization and sol-gel

processes are employed to balance crosslinking density and structural integrity. Room-temperature
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and microemulsion polymerization strategies enhance sensitive-template compatibility, thereby
preserving recognition-site fidelity. Emerging methodologies include magnetic composite fabrication,
streamlined separation processes, and improved operational efficiencies in field applications. MOF/
COF-MIP-SPE coupled with CMS, which is typically used to detect coastal NPs, including POPs,
antibiotics, EDCs, and microplastics, is summarized. These composites are highly proficient in
isolating trace-level NPs from heterogeneous matrices by leveraging their tailored porosities and
selective binding abilities. Enhanced chemical stability ensures consistent performance under
fluctuating pH and high ionic-strength conditions, whereas the hierarchical pore structure facilitates
rapid analyte transport. These molecularly imprinted SPE-based (MISPE-based) composites deliver
detection sensitivities that surpass those of conventional SPE coupled with chromatography or
chromatography-MS, which underscores their significant potential for efficiently enriching and
purifying NPs in complicated coastal media. In addition, we discuss possible challenges faced when
analyzing NPs in coastal samples using MOF/COF-MIP composite-based SPE, including regeneration-
efficiency limitations, long-term stability under harsh conditions, and synthesis-protocol scalability.
Repeated use in dynamic coastal environments often leads to pore fouling or MIP-layer degradation,
necessitating durable composite design innovation. Looking forward, we discuss future prospects
for the synthesis and application of composites, emphasizing the keen pursuit of multifunctional
MOF/COF-MIP composites that are capable of simultaneously adsorbing, recognizing, enriching,
and catalytically degrading NPs. Interdisciplinary approaches, especially ones that use artificial
intelligence to energize and sustainably develop, including machine-learning-guided material design,
while abiding by green-chemistry principles, have been proposed to accelerate the development of
next-generation composites. Computational models capable of predicting framework-pollutant in-
teractions can streamline the creation of new composites, while sustainable synthesis routes, such
as those that employ aqueous solvents and biodegradable components, are expected to minimize
environmental impacts. In conclusion, this review aims to bridge the gap between fundamental
research and the practical applications of MOF/COF-MIPs for detecting NPs. By addressing current
limitations through multidisciplinary collaboration and sustainable engineering, these materials are
expected to be highly efficient, economical, environmentally friendly, portable, and industrializable ;
combined with SPE followed by chromatography or chromatography-MS, they hold significant
potential for the screening and identification of NPs in coastal zones.

Key words: coastal zone; new pollutants (NPs) ; screening and recognition; solid-phase ex-
traction (SPE) ; molecular imprinting; metal-organic frameworks (MOFs) ; covalent-organic

frameworks (COFs); composite materials
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Fig.1 Scheme of the main contents of the present work

SPE: solid phase extraction; PSPE: packed solid phase extraction; DSPE: dispersed solid phase extraction; MSPE: magnetic solid

phase extraction; SPME: solid phase microextraction; MISPE

: molecularly imprinted solid-phase extraction; MOF: metal-organic

framework; COF: covalent-organic framework; MIPs: molecularly imprinted polymers; POPs: persistent organic pollutants; EDCs:

endocrine-disrupting chemicals.
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FELAF o AE MOFs 14 it B v, 2 728 5t #5004
BH R TR R, RN T RV R A RR R
i IE] %5 2 802 52 1 MOFs 45 & 25 LR A fn
FE R o 0 R B SR R A ) A 2 A AN TR
45 Ky P B 19 MOF's LUl 2 4% 1 /9 1 5 oR P00,
i i 7 MOFs % ifi £ 7 MIPs, A] L\ f] i MOFs /iy
Z fL 451 Fn MIPs (9 %5 5 PR B 68 01, Bt = &2 & 4
BEXT B FR G e Wy 0 g B Ao B PERE . MOFs 9 Wi
B 48] DLAT 2B 1k MIPs 28 JE fl A 3R $  2 A #
RH R E MR &A™, [, MIPs 2% MOFs
i) 5 Bt 7, L RE 98 7E MOFs R 1K i 2 A itk
e e MLBRR E PR RO S U 6B A B
B I fiE % AR 25 5 7 IR MIPs AI% H 22 10 A £L Bt 6
1l o7 R A AE BB, R KPR i B A MR R, AT
PR IS B o FH L

MOFs #1 B} B A 85 1Y A6 2s Fn o ge e v,
IXO6) T AE A Z) B 5 5 MIPs HE % # 25, MOFs
(951 A AT LUEE B MIPs 76K [A] 9454 200 T R 45 =
ZPERE . MOFs 9 1h 2% 2 M 3% A X 1 il A 1%
T 37 e 71, 45 48 MOFs #4RF HAT & B i iR ol 1 4
PE R R TE W i R PR SBRPE R AE R L RE O IR R AL
GRS M X R &K MOFs 5 MIPs 45 & )5 ,
MIPs 1 fE &% 76 8 S o ZI M SR s h e e fa g o I
Hb ,MOF's B4 B 14 £L B 45 #4) F1AE 42 11 1 27 1 o o o
T EANTAE Z R 7 (LG K W 3 300 AT LIS
FI)EBRE R A3 = (R E P . — 28 MOFs 7E MRk M
b B 85 m de g o, & B MOF-MIPs n LIAE
o8 (BRI AN S W s VIR, DT 42 %5 MIPs 75 45
R IR B v 4 08 i R AT R

TE il %5 MOF-MIPs & & bRk, 75 e i AE 42 52
SEME S BRI A AT Kt . R 9 MOFs A $7 B A
IR 4R (MIL) & 41 B3 il K27 (UI0) R 41 2Kl A1
WK M i B 4R (ZIF) R 5 45 38 i >R JH 35 T B R
I K B30 7 A ) £ A% e a5 4 R A T ORI
H SR AR - R A . A MOFs
(PERE , B A ILHEAT B, A ] A TRk L A kAR
& )8 B A PLECAR B e 45 M AF &1 S 19 MOFs
AT DL Rt H bR 5 G W 00 0 B RE g R | TR

W AT DL B RS A A A . R MOF-
MIPs 7 W [} 2% & e Ak v A - R B 5, H S0 be
7 AT T I e 2 A PR 2 RN A% Az B A ) A,
53 MOFs (4N ZIF-8) 7F fm #h 5 fR 1 P 58 v ) 43 il L 5
Tk 4 JA Y AR 4G A T A ke 4 T B2
2.2 COF-MIPs E&##

COFs & — 5 A L4 + 38 i 24 5 % 428 A
) 2 fLHEZ MR, B A P i fLIE 45 1 R 4F
Ak 2 R M R AT BT . COFs I H HA 3k
T LK IR P AL AR A A D B ARG S
PE DA = W B PR BE A BE. 5 MOFs #H [t , COF's
= 4 @ A, DR B BRI A HLE AR A& L
b e T A R IR AR IS A A WA AT
COFs it H A3 5 i 1 A 2% A2 s o A0 n] [l g o
COFs (4 WUy AL 4G B+ HOE i ARk o
W6 0 45 R R A B 7 125 AT AR 21 B R [A] 45
FFIPERE Y COFs. 38 3o Bt A% [z o 4% 11 N 1k 5 A [
A HLEC M, AT AR BA A [\ L AR AT fE A A
COFs, fli . B A5 5 KW N W 71 . R COFs 1y
PERE , W 38 1k T BE A A& i (40 51 AR 1 94 K OkL ) I
T W e R P, AT SE B X B bR Y W AR
Iy B

COFs #1845 Bl 1] | FL A2 A) 42 7 A] 5 i) 55
P a5, i H ol 5 MIPs 4 i )4 BHS . COFs
(1) Ak 27 F Pk R AT B R AR B AR R B R B
A R Fa e v, BEUS (3 IE COF-MIPs & & # 8 iy i
e AL 75 iy o 8 A A LA R 5 A
Uifie) COF-MIPs & & B, v LLSE X H bR iy G
W10 AR B A R e e R v AR L S e A
[, 4nfaff COFs 9 2 FL BR824 i 5 MIPs (1) 4§
SRR LS G T2 i 45 i M BB COF-MIPs 1y
— KP . wT DL o 01 R A R e, JF &S i
COF-MIPs 194 W i i, il , 5 H i sl R
AR = R A R A =R A R e T A AR
PP v TR B R I VR N A e 1 BRI A BR BRI T
REAE, (113 COFs MG MU 2 H A R AF Ay Al #51%  (H
T 8 A 1 Ry 4l B T SR AT 29 RO N . R
KT R AR AR AR )k B A R 3 B I A TR BR A
PAHE 2l 52 BR iz ] o

3 MOF/COF-MIPs-SPE 4 & & it/ it 7
B E ISR EIR R )M A
MIPs 5 31 RE b1 b} 9 4 1 A (X fE % fi e 14 52



- 848 - @

i %43 %

MIPs F) 2C 5 Ja) BR 44 |, i EL 38 ] DL 51 A 0k R 59 2 fig
DL 3% MIPs & & ARk M 68 S0 BRFE & 38 A o
MOFs il COFs Z L 454 ) &% i1 . w] 1= 8 F1 2 fig £k
e 1A B Z W, 5 MIPs 26481, MOFs
H1 COF's 1y JUART 45 44 o 2 AT FL Bt A s i, PR, ]
MOF/COFs 1k Jy Z L5 i % & it MIPs, 0] L4 i i3
B LA L2 T AR BE U ok 3 R e 2 G M
L PERE . MOF/COF-MIPs #1 L 454 SPE % AR it
AU 5 A T i A B, SR P €095 € 33 - O 9 R R i
70 52 , fE 5 7E iF 72 4F POPs .EDCs i 4= & i
1 9 7 A5 45 2B TG Y 1 O A TR RS
RIEELAER .
3.1 MOF-MIPs-SPE BFiBEGHSLMIHEIR

BT R e R R RS ) 2R E R A A
PR F 45 T A 9 MOF-MIPs, 4 SPE 1 fff
L85G s/ maE T TR A PO E ey
F14) i 2 R RAG T AFF 5T . SRR AN

Rahimpoor 2/} MIL-101(Fe) N # {& . — 1%
A SRy R 53, 2R FH — i 7 2R 18T 44 K B I B R il a5
T MIL-101(Fe) @MIP, iZ 41 >k & & 4k}l i £ 4l
B (NTD) Xt 28 S i e R UEAT TR FE BB,
454 GC-FID il 22 , & H BE (LOD) Al & & B (LOQ)
3 591°H 0.02 wg/m® Fl 0.1 wg/m?, [6 i}, % 7 ¥ Y &
A2 PN A 2 I AE 3.9%~5.1% F1 5.1%~6.4% 5 [l
PLIER B SR . B BRI O R SRR
9 [ B K Bl 2 4 1A B 58 Bif (NTIOSH) J7 34 2 [
1776 55 5 A 56 2 B(R*=0.978 1) o FI FH % 7 ik 4
TR RN TAER R B RIFEAT T
KRR 2 45 KW, 3T MOF@MIP 9 NTD 45
4 GC-FID J5 ¥k RB A g — i Pl 157 5 RO 1 O
2, 1T RS A S POPs [ BURE AL 22 , A
By ifg 54 POPs A6 K AR G i) fgdt S5 0 24 58 s )
PR AL L

Weng 2554 DL VD 2 (ENR) A BEH 4> F L
RN MR D g Btk 2 s T W RN M R I N A
ER ), SR FH 2 1T BR324 AR RNV 3R A il 45 T ZIF-67
4% 2% T BN 3 B 5 W) (ZIF-67@MIPs) |, i 4% 1t F2 1
K 2 firk . %287 %F ENR W B PEfE , 45 1 %W
TE 30 min N 35 3] W BF - 4, B R MR & S 9.02
pg/mg, EN ik A 14 2.58. 1% MOF-MIPs J]{ SPE
HORL(E 2), 454 UPLC-MS/MS ¥l , 3545 7 1% /Y
LOD (0.23 ng/mL) flik ) LOQ(0.76 ng/mL) , J5 ik
ROECEE o WK R Aw 1]l #E R 83.79%~

100.68% . A1 X 47 i i 22 (RSD) Ky 4.46%~7.35%, 3
W 5 e AT &% . Rk, 7% MOF-MIPs-SPE Jy i &
He KR R R ENR BRI 2 3208 T4 2 A3
A AR A

- ~ -
3 )Yw 'OYK 55 /)\rou no\rk 8%
3 06 g0 \ . \
1 Y \
S
W
\ . \
]
% " 1 ) :
\ do oo ' N ° [ 1
g '
N . e
e, ' NS,
- ~ 1
’ polymerization @ remove templates °
. —
ZIF-67

ZIF-67@MIP
] o
*eﬂ
loading
—_—
ENR solution

El2 ZIF-67@MIPs & SPE 4l & 7 2 @
Fig.2 Scheme for the preparation of ZIF-67@MIPs and
the SPE column'**

ZIF-67@MIP
(no templates)

Li %51 5R H 2 1 B 3 £ R & BT T A A e 2
0 A1 K R R T HE 22 -8@ 4y T BN Gl R A W (ZIF-
8@MIPs) , %f A5 HLEE 4% 25 (OPPs) HA 45 5 2 L 51 Fn
P W B BE S . 45 & HPLC-MS/MS il 22 , 76 1~
200 pg/L Yo Bl N H A RGP (R>0.992 7). 7ER
PR (AERBSE (8~ (AL RO dds i 3 A W] ik B
O, [ R Ry 82.5%~123.0% , RSD /N T 8.24%.,
ERAEZM T, &#Ar E T ZIF-8@MIPs & & #1 K
() SPE-HPLC-MS/MS J5 % R #5520, 7T
TA i OPPs (& o W A ALER AL T —Fh
K OPPs 18 7 % , Atk B 11 H oA A MR AL i 1 R
(1% B0 75 Wi o6 500 0 A7 Al B 5 e 4 0 A 1RO B A T
— AR AT A 0 SR

Li %57V SR AT 3 0 i - DB 4 % 5 B I A R 7R
MOF's & I 5% J il £ 1 — Bl B B 32F A [t 30 40 K
# ¥t (RAM-MIPs) , ¥ H [ T DSPE, 45 & HPLC-
UV S0 81 T & 2 H Al 151 4b #8828 105 5 3] 7K o i
FQs. FrfSpkl BAT R 4F 45 4 1 (60.81 mg/g) (PR
A 25 A B J12 (15 min) A A B Gk 2 DL K
R BRI T B 1o R fb &4 F L A
FHAZ 7 35 68 25 15 i o Juf o] 7K rp () 2 Bl FQs 5% B3
HEAT R, R4S T A AN R &M R (RS>
0.998 8) &K LOD (4 W Ky 1.02~3.15 pg/L, i1
K AR 0.93~2.87 wg/L) , (B K 43 5 N 80.7%~
103.5% # 85.1%~105.9% . RSD 43 5| A& &5 T 5.3% FlI
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s 16 545575 e 0 5 U1 0 5 T 849 -
47%. VORI E BRI T H AT FQs 1) 0 15 M R R 0 B B PR W R . %

B ARROR 5K R B A ORI R A A T A
BTG Y W RS D S At g 2L S PE SRR E Y
BT

Zhang %5 T — F A7 W 9 8 2 A
MOF-MIPs & & # ¥} i 5K 0, il 285 1 #6 1k 4 08 A Al
H# 4 (MMOFs) fi #& ) MIPs 44 K ki F
(MMOFs@MIPs) , /| T MSPE, %% 4 HPLC-UV {li
SE SEBRRE S Y AL A(BPA) , BB £ \MSPE Al
W S R AN 3a BTR o %A R JE 30 R AE W E] 3b
Js, 5 Fe,0, fl It , Fe,0,@ZIF-8 H.A B HLKE 1y 3
T A K ) SR R SE A Fe,0, #2181 1l LA 21
% B % A b A S )7 ZIF-8 SR, O 174k MIPs J2 42
BT R ILERR ., 454 T Fe,0,.MOFs Hl MIPs
HI A 45, % MOF-MIPs &R 16 55 19 8 1 /g L bRk

MMOFs@MIPs-MSPE-HPLC-UV % BPA Jfi & i &
(1) £ P Bl 98 2 4 B 92(0.5~5 000 wg/L) ,LOD
fRZE 0.1 pg/Ls ¥ M B TR 3205 Je i dr g vt ik
LA A SR KRR G B 40 AT, A5 31 T 88.3%~92.3% 1Y
Ml X T ARt T —Fhbe s E AR RE ) Y
BTREARE L AR 78 U KO B R TS Y )
Sy M A T .

Li &5 ) T Fe,0,@ZIF-8@MIPs, ] T X #
T 7K R o U R ALY A (TBr-BPA) (14 36 6 14 W J , -
JH HPLC #4773 #7 o W I ) 45 & 7 MMOFs $i
HE R K b 2 T LR 3 5 A LB DL S MIPs 19 45 5 1
PURIAE 5, B AT RE RS, DR T Ay o e skt
oy MEE RN FERESRNT X8 G MR
15 min N5 F] 117.6 mg/g B e KW &, [0 i % h

a APTES, TEOS
Sclf assembly Sol-gel imprinting

Fe;0, Fe;0,@ZIF-8

after enrichment

N before enrichment

4 6 8 10
Time (min)

HPLC analysis

MSPE of BPA using Fe,O

Fe304@ZlF S@MIP

@ZIF-8@MIP

B3 (a)Fe,0,@ZIF-8@MIP BN & & X i A B 4 & HPLC il %E i Kz R 2= B ; (b) 1 ##9 SEM i1 TEM E &
Fig. 3 (a) Schematic illustration of the application of Fe 40,@ZIF-8@MIP extraction and enrichment of bisphenol A com-
bined HPLC determination; (b)SEM and TEM images of materials'’
A: SEM image of Fe,O,; B: SEM image of Fe,0,@ZIF-8; C: SEM image of Fe,0,@ZIF-8@MIP; D: TEM image of Fe,O,; E: TEM im-

age of Fe,0,@ZIF-8; F: TEM image of Fe,0,@ZIF-8@MIP.
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88.28%~107.07% . RSD /N T 2%, 45 R0l & . 5%
Shy A KA R T TS G W I R R B R 25 6 4 It
T —FhPERE R S5 (987 44 kHFD MSPE $4K .

Mirzajani 557 DL 2 i 43 T 4 #5502 il % MIPs,
¥ MIPs 8 1k 7 545 F ZIF-8 7E — M3 2 4 |, 4l
# 1T —Fh MIPs & & # ¥ 2 B 2 45 (MMF) , 1l T
SPME, ifi &3 HPLC XJ 22l | 52 i \B-4% {51 st | JIH [ fit
FIH S B BESEAT 20 B € o %O IR LT N A F
ARG A B R SRR S RS R AT A I a2 L FE
0.01~1 000 pg/L i [l N 4 PE 5¢ & R 47, LOD iy 3~5
ng/L, X5 F 24 [A] i 28 K 95.0%~101.0%. % MMF-
SPME 71 B 45 H T A [R] LS4 i v 2 F0 EDCs Al
E L R T R T O B v T Y e W R R TR
T

H i 3¢ T° MOF/COF-MIPs & B B2 45 i 98 k)
(B E diR =, (E % 34 98 500 0 I 9 Ol — RS
— e, R A AR 2K R IS (PAESs ) B K I 7 5
263k AL 3, 38 H R R R BB - A€ B (LLE) Fl
SPE 1%, 8% J5 Rl GC 5 HPLC £;illl PAEs, LLE
FEER VL F R BRI 25 IR BE s Y ™ 4F
— ZA L TH M SPE REI K IR L RE 1k
BETERR 221 U X S Ab A WA £ S /ORI TR
FEARH K. B, & R e e R M PR LR R R
I Ah 3 AR B TR EE i PAESs 19 0 2 Al
AR LS N, Gao LSRR R
T g (DBP) A AR 43 ¥, R FH — B 125 36 TR ED 3E , ik
T ZIF-7, i & 7 — Fh o B MIPs & & M OB
(MIP@ZIF-7) , 454 SPE-HPLC & X% £ fhRE & rp 4
flt PAEs #E47 $2 BUFII A€ o 45 R K W], MIP@ZIF-7
54T ZIF 1Y b BURLE S 9 e o DL IR
BB R SR X PAEs B AT T R 9 W% B 2 1 Rk
PEo FERAESRM T B &P B A 1~100
pg/L,LOD 4 0.1~0.8 wg/L, &k /K | ik ik 1k A
KR PAESs (9 B 9105 2% Ry 77.1%~100.7%,
RSD N 1.65%~4.87% (n=3) . % % T MIP@ZIF-7
) SPE %% & HPLC-UV ¥ 78 £ I ¥ 5 47 IR &
PAEs [ S2Br I I o HA R AFr W 7).

Zhang %5 ) DBP Fl4B 7% — H R — W g
(DMP) Jy BUBE AR, 5 1% 1 — B B 2% {k b4 B} (ZIF-7-
NH,@MIP) , ¥ H: 3 7 /¢ SPE #+ , 45 4 HPLC il
FE 4 F PAEs. &7 EAEINER 10 pg/L A8 SR K ik
iR A kAR TR R VT 3 R S bR R b Y L R
88.68%~98.58% . RSD 4 1.19%~3.40%, 3 W] ) 1 =R

B HERR . R MR EE S T A R e AL ZIF-7-
NH, 1t 5 #9 7K 4Pk F K A9 b 3R 1w AR DL S SURE Al
MIPs [A] B} 1550 22 B 59 09 RE J7 , A 28 1 4
KA H R i PAEs I 5 $i AR 5 0 09 FE T AL 28
FE.

Li 4574 LL DBP #5445 1 — BB B w1
MIPs & & ¥ ¥l (Fe,0,@MOF@MIP-160) , E A
Fe,0,@MOF # {4 , i &1 1 MSPE 5 56 i 1) T g B
MBI I 25 4 JF & — P 8 MSPE $K , T
B IR B PAEs (1 /5 20 PR | 8 5 M 4 B, Ol
i GC-MS #EA7 Kz o Z A4 kL DBP F4F 8 — I
MR — < C i (DEHP) B A R & 1Y 33 51 10 B 6e
W B 23 )k 260 mg/g Fl 240.2 mg/g , W Jf 5 F
(#) 20 min ik 25 ) . K 4h, Fe,0,@MOF@MIP-
160 AT LA 6 W, 5% 48 1) SPE A1 EHAH LL , ii A
I$, 5 THAE, A B o XK K R 2
W i PAEs & 3647 T 40 07, IR R 70.3%~
100.7%. % BF 5% @ 3 /Y J7 Ak T R B i
PAEs A0 #1125 ), 1 S & &3 1T T 1 12 70 B s
YL Wy 1 TR AT SRR PR S AL A AR I vk A R T
Al g,

3.2 COF-MIPs-SPE ATFiBEEHiTLymEiRz

B X5 AN () 45 4 R 28 9 30 15 e LRI i) L s
H N ) COF-MIPs 15 iy SPE W Fff 1 , 2% 4 (0 3% /%
T, S I AR A BT T IS e R i 2 1R 5
SELUNE 4 R

SPE mode
S |

‘9 Uy

COF-MIPs

COFs MIPs
Application

GC
HPLC-MS
GC-MS

Coastal zone samples

E 4 COF-MIPsHj#l#& SPEERAREABIL/MEEBETER
i R Y R A
Fig. 4 Scheme of the synthesis of COF-MIPs and SPE
modes, and application for determination of
coastal zone samples by coupling with chromatogra-
phy/mass spectrometry
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Zou %F'LL TBr-BPA MM, & KA W T —Ff
ELAT 5 1) 36 B M R = 4 2 ) 3k % 1% B B COF 3
MIPs & 4 #1 ¥l (Si0,@F-COF@MIPs) , ffi Jf] HPLC-
UV 1750 01 o 2 & M BHE S W B 550 % TBr-BPA
b &4 TCI-BPA HAT K () 3% £ P 0 B 2L
B R WM %S & il b 653.2 mg/g Al 158.8
mg/g. i o TF S LB LR S8 A AL W T
Si0,@F-COF@MIPs i & £ M W By iy AL 3, 45 R 3k
B], TBr-BPA 7£ SiO,@F-COF@MIPs | 14 W fff 3= %2
BE T 5 AR EVE L = 4 s ) 3 B RO L R
B B AEH . % Si0,@F-COF@MIPs 1E -
SPE W i} 55 FH T /K TE YK L ok K 25 S B K RE
A 26 K 5 b TBr-BPA il TCI-BPA 1Y & 4 , 4815
TR IR S %07 AE 0.50~100 pg/mL i [
N XF 3 Fl K #E Y TBr-BPA #1 TCI-BPA ¥ & 3l B
W2 56 R (RPJEH N 0.999 0~0.999 2) ,LOD Al
LOQ 43 % 2 0.20 Fl 0.50 pwg/mL, [A] 4 2 Ji Bl K
74.26%~102.33%. F£ AL, PR AL B 4 7E T UK
JE R 0.50~50 pg/mL Af 7] 3K A5 K4 i 2 vk ok R (R?
JL A 0.998 2~0.998 7) ,LOD FI LOQ 4351 4 0.30
1 0.50 wg/mL, AU F Ky 77.35%~107.33%. L4,
H M RSD A1 H [A] RSD 4 %] #£ 0.27%~2.39% I
0.06%~6.64% 5 [l N . X e g5 R R, H A1
Si0,@F-COF@MIPs #f L i& H T 2 Fh 52 b A b b
TBr-BPA il TCI-BPA 1 [] i} 42 B, 76 & % % 1 &
AR Rl B TS Y W O I R B

Xiang 457 LI AUE AF 4 i LA NiFe,0,
ot , R 26 — B (TPA)FIL 1,3,5-= (4- LK
55) 28 (TAPB) Z [ T8 WJR 5% 0 LA il % i 7K 43§ E)
5 B A A HLHEZE (MI-MCOF) ., 3 b A7 HLHE 22 13
WD T AL GE BN R A (4 B[R] T4 AR TRk T
& 458 1 51 & R 22 BE 5], & L) MI-MCOF #£ 7K 1
PRVBRE S v BLAT G 1 R e 8L P RN RS E M O X
BPA H G 5 & i ok 5 f1 o ) F¢ % . BPA 7
MI-MCOF _I- i) - fii W Bff 25 12 4 50.65 mg/g, LI 3
Pl 25 ¥ 25 s 3~7 f5 . BPA WY BRI A 7 & ik
3.17,3 Fl AL W 1) 3k BE 1 R 5038 >2.0, K BH BT I 45
fI 40k MIPs & & # kX BPA B A7 1 5 2k £ 4 .
4 T MI-MCOF 44 >k & & ¥ 1y MSPE 5 HPLC-
FLD #4545 , 4045 T 9 4 [ (0.1~100 pg/L) il
ik LOD(0.020 wg/L) , A K | A k7K RORHFT A f£
PRAAE & o 8 0l % 5 (83.5%~110%) . RSD
0.5%~5.7%. 45 R 3% U] , MI-MCOF-MSPE-HPLC-

FLD J7 1 7 WU A% 6 04 16 53 15 R0 B0 A4 ) 1 [ B
Ry S % FEAR WA A A BT b s A A B BPA 43t T
B

Su % LI ENR N4 4 F il & 17 — B 7
W B 77 MI-COF's, il 1 22 [ Ji ffj & B 3 v 78 A 1] 3
COF's 2 16 7= Az B30 s, LA e B 1k R B A0 ) O ) 45
g A A W RE B P ) FQs. 1% COF-316 H il 4
BB il R AE RS B, 52 B R
SEH EAE WK FQs. AN, RIH Z B A R A
7£ COF-316 £ /= /£ R L2 M (PDA) I 2,
P F 2k B PE R ] FQs. 7 MI-COFs 1y &4y I+,
& J& T DSPE 454 HPLC-FLD f4 J5 i , [d] i ) 5
ENR . i#i 570 2 (NOR) MR N 10 & (CIP) , % J5 ¥ 3k
5 7K K 1 BR (0.003~0.05 ng/mL) Fl &5 A5 % J
(RSD /N T 3.5%) , MI-COFs %} ENR HJ f% K %
755 M 581 mg/g, 5 NI-COFs A It , WE fi i Iy 2 75
T 2245, fEMPRES T, R NOR Fil ENR 45
6.4 wg/kg Fl 13.9 wg/kg, MM 76 HF X 5% A FE
R R % 3 Fh FQs, i BR [ld E h 80.4%-~
110.7%. [, % MI-COFs-DSPE ¥ 78 1 /2 45 £
Fih o B b B R R D .

Tang 55" HHFIH & T — R B 19 & C-C 1Y
3D COF, fir 44 4 INU-7, DL B JE T I iR Ry B BE B0
LK 2 2 o g A A | 20 — i VP 5 R 045 TR TG O A
15 ), thl 45 15 2 3L T INU-7 # MIPs(JNU-7-MIP) ,
HE T HE ST 7 T JNU-7-MIP f4 % 4% SPE %45 &
HPLC-MS (%) J5 ¥ , DL K 1 0 22 f 28 3 % K (MC-
LR). 5 JNU-7-NIP #f Lt , JNU-7-MIP X} i fl 5% 4z
LG 2 R 5 A T 3 114 1 B 25 3k (156 mg/g) AT Ry
W B 21 12 (20 min) o 7E AR AL S5 18 T 0 R 5L
F K BE i 9 MC-LR, £ 5 FR 4 0.008 ng/mL, £k
PEYE BBl A 0.025~100 ng/mL, il A5 [A] U # 4 90.5%~
106.5%. M4k, JNU-7-MIP fE1E 30 min P £ AR
W 7K ¥E d i) MC-LR M 1 mg/L % & & 0.26~0.35
wg/L, E A T BT AR 4 4L (WHO) M2 19 1 wg/L
MC-LR IR K %A BR1H . ZWFR xR 7T
3D COF 1y MIPs {1 >y 87 4 W B 570 75 34 55 75 4 Py il
FE RS B O T B RN W 0, R il R R TS
eI AA B T R B S TR

Su 55k F — By )N A B4y F BB COFs, i%
COF-MIPs fi§ % 1] 5% HE 2 i) T2 AR R G 52 LA 3 o A5 A
Oy, % #ih B B 2 (AFTs) HA w5k £ 1k 0 B
J1o BeAbh, BAT 36 B A 5 A ) RE 3k T ) COF-
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MIPs 1) W% fff & & 258.4 mg/g, &= COFs-NIPs 1) 3
5 . 3T 1% COF-MIPs fi) SPE-HPLC X AFTs
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