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Abstract: Sample pretreatment is the core stage of instrumental analysis. It serves to concentrate
trace components, eliminate matrix interference, enhance detection sensitivity, and protect
analytical instruments. It is a key step in the analysis and detection of complex environmental
samples. Modern sample pretreatment techniques, such as solid-phase (micro) extraction, have the
advantages of rapidity, automation, and no or minimal solvent usage, significantly improving the
analysis efficiency. The core of solid-phase (micro)extraction technology is the adsorbent material
whose performance directly affects the accuracy of the analysis results. Metal-organic frameworks

(MOFs) exhibit significant advantages in the field of adsorption and separation due to their
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exceptionally high specific surface area, tunable pore structures, nanoscale pore environments,
and excellent physicochemical stability. Furthermore, building on MOFs as a foundational platform ,
researchers have developed different strategies for the controlled incorporation of functional
components and the precise design of composite architectures. These strategies have enabled the
development of MOFs and their composites. These materials allow for targeted enhancement and
control over adsorption capacity, mass transfer efficiency, selectivity, stability, and unique in-
terfacial behaviors. As a result, MOFs and their composites are well-suited to address the multi-
faceted challenges encountered in complex sample preparation. This review summarizes recent
advances in the application of MOFs and their composites within solid-phase (micro) extraction
techniques. These techniques include solid-phase extraction (SPE), dispersive solid-phase extraction
(DSPE), magnetic solid-phase extraction (MSPE), membrane extraction (ME), pipette-tip solid-
phase extraction (PT-SPE), membrane-protected solid-phase extraction (MP-SPE), fiber solid-phase
microextraction (Fiber-SPME ), and in-tube solid-phase microextraction (IT-SPME). From the dual
perspectives of adsorbent material applications and methodological development, the review
highlights the advantages of MOF-based composites with varied compositions and structures across
different sample preparation approaches. It further summarizes the methodological strengths and
specific limitations associated with each pretreatment technique. With the expanding application
scope of the techniques-particularly in environmental, food, and biomedical fields, increasing
demands are being placed on the green synthesis, biocompatibility, and safety of MOFs and their
composites. This trend is driving the development of MOFs and related composites toward integrated
functionality, environmentally friendly preparation, and application-specific adaptability. From
current trends, the design philosophy of transforming powdered materials into monolithic structures
represents a significant direction in the development of sample preparation technologies. Both directly
and indirectly prepared monolithic materials, as well as those integrated into monolithic devices,
retain the performance advantages of powdered adsorbents while offering improved recoverability ,
portability, and operational convenience. Building on this foundation, techniques such as fiber-SPME
and IT-SPME are further advancing toward miniaturization, downsizing, high-throughput operation,
and automation. This progress aims to enhance the efficiency of sample preparation and analytical
detection. Finally, the future development directions of various currently developed solid-phase
(micro) extraction techniques are discussed. The aim is to advance sample preparation technology
toward online, high-throughput, and automated systems through comprehensive innovation in
adsorbent materials and technical methodologies. Such progress is expected to accelerate the
practical application of these techniques in fields such as environmental monitoring, biomedical
analysis, and on-site rapid testing. In conclusion, this evolution will ultimately facilitate the transition
from laboratory methods to reliable analytical tools.
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Fig.1 (a)Schematic diagram of the preparation of solid-phase extraction (SPE) adsorbent and coupled high performance
liquid chromatography (HPLC) for the determination of sex hormones in milk and milk products’* and (b) schemat-

ics of the SPE procedure for heterocyclic amines (HAs) using the MOFs@polyHIPEs

[37]

DVB: divinylbenzene; MOFs: metal-organic frameworks.
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Fig. 2

(a) Schematic illustration of the synthesis of acid-modulated MOF-525-X materials and their interaction mechanism

with sulfonamide antibiotics (SAs)** and (b) illustration of the preparation and application of AMA/DVB@GO@UiO-

66_NH2[43]

AMA: allylmethacrylate; GO: graphene oxide.

DSPE-HPLC Jy i , S 80 T i 7 o 480 bk AL 48 iR ¢ 24
(PYs) B PRAE B . 1% 07 I 4F 4 min PN BRI AT 52 4
4 Fh PYs CUUSE T 5098058 T 5080 34 e R I0E 4 2
fiE ) Y oAk A B . T vk 4 PRV Bl A 0.12~8.00
mg/kg, K H1 R K 0.041 6~0.051 5 mg/kg, I Ax [ i
FH 85.5%~107.6%, & A5 £k 389~410. LH 1
AU SRR T 2 A MR 5 G 2 AL S5 R DL K
MOFs 5 COFs 41 43 [a] 0y U W AE ], A2 46 -7 HE

RV A A B X R B IR 0N S R T
Pl 2l Iy, NI R e 42 7 T 22 BUSCR o 1% TAE
AALJE/R T MOFs/COFs & 4 W i 71 75 & 2% 5 I iif
Z MR AL B A B, A R I & AL A A
I i Ak B FR G R TS A

JL 4 DSPE TE A% B a3 A5 AR M 5 g o bk
T3 ARG H AR S PR N T A AR
by AR W B R0 7R B0 43 1 ME LA 5E 4 [T, 3k AN
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i O R LR R REE IR U RAD O WSS i TR -
T T AR R 28 XI5 Y, S B0 ¥ 0 R 5 A0 A N
I T RE . BRI, 0ol 78 DR A e 2% A8 B[R] B
$E£ T+ MOFs 352 & 4R 0] [l 501 5 5 R 5 1 1
R B0 A WA T B AR T S AR O TR
AP
1.3 iM% EHEZER

MSPE J& 7 DSPE %4l I, 4 f# k- DSPE W [
I [ 5 TR T A S 1 — ol v AT AR BB R L %
1202 B A e W B R0 2 4o SRy B A o N f) ) e Ak
W BE ), HAE O A 5 DSPE AH L, 5 7E [ % 43 59
B B A Bh A1 30 % 1 52 30 W R 590 g s L o A i
AR TR ORI R T TR
FEVE S50 7 8 . MSPE 4% 0 75 T W B} 57 2 1 v
iR T, LA A7 B 3R W 22— 2K Fe,O, 55 ik 1
OB B4 17 38 T MOFs s b 22 L3 (A bt B o | fifi
AR R ARG, L 2 MSPE X B 3R o3 B 1
BAEZOR . ARRBA R A R4S T Cu-
MOFs & i (1) Fe,O, 44 K kL , Jf-4 GO 1 H 1 3%
F-EMH T Fe,0,@8i0,-GO-MOFs 4 1E 5 4 ok
ZEAM B RS B R SRR S EE W
W BAE 35 1k Hh s, AT 9 MSPE W [ 500 FH T 6 Fl 5
it NN SRR TR (X N /b L B O e 1
4 HPLC X} 6 F 2% H 3Rl gE A7k, 3R 80 i R4 1 46
P& &R (R>0.993 1), Kt FR 4 0.30~1.58 pg/L, H
P B H THDHS % BE /N T 12%. 76 52 bR ERBE K RE I it
5 (20 wg/L M 50 wg/L) H, H R R S 81.2%~
113.1%. % TAERIL T MOFs i 45 1 5 D) RE () &
B AE A R L b BN O E A B . Pan SN
M 2K Fe,O, 48 K W0k B #2 [ 2 1 2 W4 # 19 Uio-
66-NH, % 1 , t4 3 T # ¥ MOFs & & # ¥
(MZMOF) , -6 H T DNA A5G [ A ZE . %0
REXT 4 4% DNA 5 B0% 1 DNA 53880 & iR,
A3 AT ik 90.4% 5 95.1%, JE I T MOFs K& % 1t 1
A% TR P AR A 5 4 B Oy T 28 VU1 . Wan
G T] =7 Sl ok 4 2 A 2125 R WK Fe, O,
T ZIF-8 T, 45 G UiiE R AL & - - 4
MIREVE S G M R (Fe,0,@ZIF-8@ AW ) , 1% E &+
BRI R Ry B 2L E S R Gefk = FH )i
JPAE R, SEBL T WK BLURTH B RE S 9 Rl HLBE
4 245 (OPPs) B i 55t P B AR A B . AP 2 A Dy BE S
AWML T U B A, R T R A AR
X OPPs [ A BUBE B8 M, 9k kb T 6 1 9 A% ] BB Ol

() W B 25 5 51 2K o BT 57 9 MSPE-LC-MS/MS J5
PN N 0.2~200 pg/L, 76 3] K RE o kG R
0.000 2~0.005 pg/L, 7& A4 A1 H W FF o & ih Bk
0.006~0.185 wg/L, RSD<9.7%, i tr [l W & K
69.5%~94.3%. M EHEITH) M %, UL Fe,0, %5
G MR SR A% 3 ok A AR 7 5 A A AT S I
T e 5 0k oy B 1) — AL E . Lin SR T —
P £ 2 ZIF-8 WMYE R G 4 kL (Fe,0,@(ZIF-8)%) ,
FH T 0 R R AR 5 4 i b RS 3R Y T AR A (A
3a). 1345 T ZIF-8 [ A7 (4 & FL R 2 2 41 %
WS Z AT RHAE 20 min PR GUEE 2 AY W BF 2 T Gk
4.51 mg/g. TE P AR i B AR i g0 v,
Z g Ry 84.3%~113.37%, RSD H 7.91%~
10.08%. % J7 454 HPLC-MS (& & 45 1 5144
SPE 7 ik A RIF—k , RUIZ T EERB R
B Il S P i 1 ) B LA A v 9 S AT REPE L (AR
TER RIS A T 248 1) Fes04@ZIF-8, = 245
1Y Fe,0,@(ZIF-8)° (W ffif 75 s 42 = 1 39.20%, ™
BT 2R RE G AR EH . Jia S5 OE T
S5k LRl b 38 o 2 Tk B S A R N A T
Fe,0,@Si0,@Ui0-66-PNIPAM #% 7 i 5§ 0 vk 1 Bk
I A BRI WL 43 B e L 2 TR AR B e
PE AT T AN [8) 30 58 KR v e ik 13 1) o2 2080 e [T AR
FEW . FERHESME R, X T JE By (NP) A 4 o 5
A1 (OP) BY £ 35 o 5~1 000 ng/L, ¥ i FR Ky
1.5 ng/L, & & 7 B 4f (RSD<7.8%, n=5). HTE4
kLR A2 (PNIPAM) I T 79 25 /6% 7K n] 5] 46t
JT, A REAE AN TR 26 S 0 R X e R 1 9 [l i R ik
78.7%~104.3%. % J5 ¥ © BT N FH T 25 T 3 LA
A A 35 ER K AE T OP A1 NP ) SE PrA il

T &84 MOFs B9 BC 2 4 & 15 &5 i Fe . Co
Ni 0%, HA G BIoHE M (H38 o m Rl R
S5 b B AT AE AR B MOFs 4 )5 £ fLAE 22 4 [A]
BF K L 1 — 3 40 e Ak R R PE 22 FL R B ORE , DT
B WEYE MOFs B & M BE, %84T A4 M B3R
HLm He e m A E AL B 45 R B R OF B
%% F 4 J& B 7 7€ MOFs 1y S8 1 A4 Jy 43 A5, o] I /b
Tl P JOURE 1 T 3R 2 AR ) 0 [ R AR BB B R AR
REZH 0 ) X — B AR SR s, SR IR b ik i T
% T BETE MIL-101(y-Fe,0,)/2 BE R 40 K 45 (MW -
CNTs) Z &M EH(E 3b) . &S M EHE M 7-7
R K AR B BA B T - AR AL T X 2 3855 48
(PAHSs) 4 W B}, F K W B 25 24 93.9 mg/g. 3T
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Fig. 3 (a) Schematic diagram of the synthesis of Fe,0,@ (ZIF-8)°® and its magnetic solid-phase extraction (MSPE) pro-
cess'*®! and (b) schematic illustration of the preparation of MIL-101(y-Fe,03;)/MWCNTSs and its application in MSPE-
HPLc[SO]

MWCNTSs: multi-walled carbon nanotubes; H,BDC: 1,4-dicarboxybenzene; PAHs: polycyclic aromatic hydrocarbons.

AR ST B MSPE-HPLC-UV J5 3£ %f 9 # PAHs
JEE B S R A RR M R L LR HEYE L R
0.05~1 000 wg/L, ki 11 BR >4 0.02~0.41 pg/L, & 4 H
ik 44~169, BLAL AL UK H] 19 0KS %5 B2 4/ T 7.2%
TE 10 pg/L Al 50 pg/L ks vk BE R, [0 i 5%
79.6%~112%, RSD<5.81%. Huo %" [a] £ R H A
Jr ) 4% T W MIL-100 54 # B 8% HOH T
R %K K PAHs (9 MSPE-GC-FID #:ill 2» #r . fir
A7 i 7 %t 5 B PAHs B £ V5 LA 0.02~250

pg/L, Kt B 4.6~8.9 ng/L, & 4 H 11k 452~907,
H P M B E| A B RSD<9.8%., 15 52 i K B v i
1 pg/L PAHs [ [B] i R 2 88.5%~106.6%. #f 58 %
W, s R EE R T EAMES
PAHSs 43 ¥ 2 [A] R¢ 5k (1 B 85 F - (L 7 b 44 - 22 140)
A EHAE A - YRR 5Tk

I R B AR BT R T DL B, R T b
BB A B e T, % 51 A T W B BT R Y G M 4 43 (n
Fe,0,) , iX /N a ik G i 1 T 52 & MR A 3060 3
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25 W) 55 T a o LS R, A AT T B A 3 P A A
o L ZS AR o WA L S BOME R R BT S R R
K Al 35 B LA S fe KAH , YR 4 43 1 52 B A 850
WAL . X —F JE A F Bt 7 MSPE W Fff
FN T v w5 B R =2 1) A B . el E
AN 2 W R 7 ) TR R, DA A ) A S B
SR R W N, 2 Ak MSPE 1% [ 300) 1 35 750 3 By
P A AU Ta
1.4 FEZEE

ME H AR 9 B0, AR AR | A e T #2551
e [ A R o DL AL e A D S, ME &
K 493 A R o 551 [ ML B R v A AR X 2 AL
FEAR ol I DURR R 1 [ AR TR XA AR R v S E AR
Yo e 45 55085 . Ma 58 L MIL-53 S Dy g #1 &k,
R 3 £ 4 (PVDF) 2y IR B il % 7 MOFs SRR &
JE 5 5 (MIL-53-PVDF-MMM) , ¥ H ] T 26 55 7K 4
7 b B B DR I 5k 55 ) (SUSs) 1 [] Bsf R AE B, 7 e
fE4& FF ,ME-HPLC-UV J5 ¥k %t 7 # SUs #Y £k 1
7l 0.01~10 wg/L, K i PR AT Ik & 3.75~10.30
ng/L. 1 F KK I 7K B b 36 K BE H B A [a] )i %
g 77.20%~111.00%, RSD<14.67%. JF Hl 45 (4 18 &
B 5B (MMM) &5 T MK A 43 85 P A 1 e R 4.
TENGEHE 25 5, MMM Xf 7 F SUs 19 [8] i 3%
THORFETE 80% 2247 o 55 SCHK I T8 1) L il JB5E 4 6k AH
kb , MIL-53-PVDF-MMM 7& & 4 P fig 8 & ff
FAS AR M T 1 2 R 0 O A IRk TR
KR 5 2 I A0 B 5 HL R G 5 LA SR T
KW AR, 7040 R BT A BRUE R A e
A HF S8 B 5 A AL B A N T 77 o Zhou 85I 2
£ MOFs # MMM (3L aih B & BT —Fp 3L T 4
A 1 BBEAE L (SMME ) J5 ¥ |, 1% 77 6% Ui0-66(Zr) 44
K UKL [ 78 PVDF i 3% B i MOFs-MMM
B, T 2% 5 fh PAHs B9 55 80K B 4a) .
% MMM HA &5 iy b3 1 AL (320.5 m*/g) FliE B Y
L% (0.18 cm’/g) , 3 PAHs 2t T 9= & 10 W 7
. TEILIL %, @57 /9 SMME-HPLC-FLD Jy
X5 i PAHs (2 PR F 2 0.07~25 wg/L, fi il
Rk 0.02~0.08 pg/L, H P K& H [H) K %5 B AL T
8.4% , 7E S bR 2% 7 B i w19 in A 81055k 85.5%~
102.1%. %75 36 1540 1ok MMM /9 & 45 P68 5 7 4
AERE M SRR SE A SC B TR IR AR
A2 5 PR 00— AR Ak, R AR B A R TS
PR B A7 i Ak B R (IR TR LS

Wil PR RL 27 1Y) R TR, T % 1 i PR 977 22 BOR Oy g
R R R i S T S 5 3 NI 1 = 3 K N
B AR L7 4 AR Y A) LB B IE B LA T
G S 1 94 2K 2T 4k il (NFMs) |, 3 Ff 45 14 2F 4 9 4R
S5 ME R3S o a3 HUHK A % WAL B 4
HE T AR BH e 5T 38 38 ; D) e AR TE 4F 4 3% 1 7S 4
2 W K M TR B AL A R R 5 R I A ML
FE 5RO e AR T AR B A BRAE b B A PE
PRI I, i FL 275 22 20 K 2 4 R 2 i ok S5 300 v R T
Al B I P o Y D) BE A R R R BL B O CE &
Ghasemi %5 DL K g 1 18 0 A= WA A, 3 3t 5 A B
1k 7 B & T BEIR ZIF-8 &2 & M K (ZIF-8@E
Coli) , Jf: Lk PAN i3 il %5 T PAN/ZIF-8@E Coli
i HE 2 22 9 OK £ 4 B 8 AR Sy R TR AR R
(TFME) W BtF 50, FH T 7S 980 B R0 4R 3 4 ik 2 % o 741
() s R AR, T 857 i TFME-HPLC-UV J7 B £k 7
J o 0.5~2 000 pg/L, & FRAK 2 0.12 pg/L. 7¢
RS K AR SR b 0y AR R e v, H AR A el iR
9 93.0%~109.8%, RSD<7.68%, ilF 52 | PAN/ZIF-
8@E Coli # TFME J7 % i i 8 P 5 55 by & H 4 .
ZAE TR T 5 R S 7R A 851§ MOFs &
) AR B T AR5 A AR 1 O R T T A A
FEA I B 240 T B AR 55 8% 5 A 7 IR A A, T
R I R TR R R B A G 1) i R AR IO 4 0 5 A 1R
TR, ARBRBAP MR T R TR A
(HNTs) 3 58 A 28 15 %5 i (PAN) [R) il i v 25 22 40 K
FYERE IR B A SR I A 2E K Ui0-66-NH,, #4570
T HLAE G 5 A T BE Ak A8 K £ 4 IR AR i ME SF 5, 52
BT X 6 FhAe 25 1 w8 %053 B R S ok (& 4b) .
B T ¥ HNTs 5 PAN >k J] 5] 4l i 10 25 22 0 R 3t
25, B RS 1 ML B A B2 A5 1) S 3 G e R R G T
3 25 PR A WUOE B 5 I A 2% 1 A2 A K Y U30-66-
NH, Wl fiff Ty e 4k 5t 5 2 68 T 2Bl b, ol il 5
HbnWy B4 i . 5 1% 5018 95 98 K £F 4 f5 5 MMM
AN R DA SR S R o iy S ¢
4 F  HNTs-PAN@UiO-66-ME-HPLC-UV J7
X 6 F A 2 1Y PRI Bl O 0.260~1 000 pg/L, K
HFE A 0.080~0.910 wg/L(n=3), J&& Bt 4 5 A% A HL
PR S WMt 255 . it & /9 ME F 5 38 i 45 14 3
5 - T D RE R [R] R0 T L Sl PR B PR o 24 A
Vi 2B D T AL AR TR MR B
LK L

ME (1 48 #5J5 T BA kL B BF (0 45 7 56 8 M DY
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tion (SMME) extraction procedure!™
tegrated extraction platform as well as the membrane extraction (ME) process

E'53%0 (b) HNTs-PAN@UiO-66 & 1 ££ B 2 BUE & 19 %) % 5 12 B U & ME

(a) Schematic diagram of the fabrication process of Uio-66(Zr)-MMM and its syringe membrane-based microextrac-

and (b) schematic of preparation of HNTs-PAN@UiO-66 membrane and the in-
[24]

PVDF': polyvinylidene fluoride; MMM : mixed matrix membrane; FLD: fluorescence detector; HNTs: hallysite nanotubes; H,N-BDC:

2-aminoterephthalic acid; PAN: polyacrylonitrile; NFMs: nanofiber membranes.



+ 1140 - 1,

T %44 %

il AL IE 5 BB BE e T R AR R K HLAE T
P A5 P A 5 TR] IR 5 AT SR 9 4 BT A (R 2 M
40 UE Sk AR AE AT AR SR ) DU AT A2 H 22 Rl
T 300 A R A A 0, Dy S BT R CFRt0) A O g
il L H B R B T R R B B S AR T
Je AR o BRI 5 IR Y 5 WL L i b A JBUHE ) i
P 5 TE A U B8 b A2 AR TR AR AR 2 i 4 ) o B
Peo Syt TFME W3 o (i Fi i o 158 J= R R 1 2
B 0 R D I DN B R AR, AT A S 555 BE 1 AR
RN, 7 PR A5 1 AR B S 1) [ i, Bk — 2P 4R T T
TIEW R BE S EBE

1.5 H {2 E 48 FE BN

Wit o X I B A RE 5 R A B R I FR SRR R A%
¢ [8] AH A8 BB R IE 28 15 4 AN B0 5558 LAV X &2 2% B
s AR B ) Bk R, LR A A T 2 ﬁﬂﬂ’]ﬁ’t/ﬁz‘ﬁ‘ﬂl
B, ) O AE B AR A B eI R R .
%%ﬁ%ﬁﬂiﬁifmﬁuuﬁuﬂu_%m%“ﬁﬂgﬁﬂt 7
b ERVE A Bk D RE AR LR I R
Al ATTAS A H J T [ AE AR I L R S L A Dy S B
i B BAS PR AL A BT R L T 2 R AR
1.5.1 #7828 3 [ A0 2 B

PT-SPE J& ¥4 o 5 1k W Fff 50 45 il T~ B8 W i 9

MIL-125 »
< TPOT
L3 APB
O MIL-125
W Co(NOy,6H,0 '
A MelM A
@ MIL-125@ZIF-67
Y OPEs

ceee®ececCe
2020

b~

wrap

CNTs-rAN@U.o-os-NH,

(

Environment
g

Cut —-"3 \\ 4
Spring ¥
Fast Cheap!
l7 min.
l

:  Extraction
: Push-pull cycle :

>J[>

Reuse
30 times

CNTs-PAN@UiO-66-NH, based
PT-SPE
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Fig.5 (a) Schematic diagram of the fabrication process of MIL-125@ZIF-67 and its PT-SPE extraction procedure!* and (b)
schematic of the preparation of PT-SPE based on dually enhanced CNTs-PAN@UiO-66-NH, NFM and extraction pro-

cedures'?

TPOT: triphenylmethane sulfonamide; APB: 2-aminoterephthalic acid; MeIM: methylimidazole; OPEs: organophosphate esters; PT-
SPE: pipette tip solid-phase extraction; UPLC-MS/MS: ultra-high performance liquid chromatography-tandem mass spectrometry;

CNTs: carbon nanotubes; PAN: polyacrylonitrile.
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Uiy, SRR AR I E AR S PR Y [ ke B Y — R fk
R M K b T Ak T B R AR AE LR R AR HUS R M
Y= | R K e A O B A N
fH AL B S 4R AE . Pang %591 MIL-125@ZIF-
67 Z= AL A4 R} Sy W B 5], 388 Ao i AR 355 0K L
ERW AR LN, WaE T T 9 f A PL#E R BR
(OPEs) fy PT-SPE-UPLC-MS/MS /4y #r 7 %
(E 5a). % J7iE%t 9 f OPEs kL Hl A 10~2
000 wg/L, ¥ i FRAE £ 0.006~0.022 ng/L, H I} K H
B KG9 B B/ T 8.97%(n=6) . 78 W Fp IR B K KE
AN e BE AR R XF 9 Ff OPEs 1 [\ 4z % 85.5%~
110.6%, RSD Ky 4.11%~8.47%, # W % F MIL-
125@ZIF-67 1) PT-SPE-UPLC-MS/MS 75 % F] T 52
Fr7KHE T OPEs 19 43 A7t HLAT e A 14 538 Pk . i i
XF G S2 8 &% B, MIL-125@ZIF-67 1Y 2 Bk 28 2 s
41 4y (MIL-125 f1 ZIF-67) K& H 4 ¥R A ¥ (MIL-
125/Z1F-67) 1 1.3~3.0 {5, H kR s E2IHK T
A HK - HEBUAH BAE A C-H---7 #HEAEH
FI P FAE . % TAER/R T MOF-on-MOF & & #
BHAE $ T I B 8 T T A S S A B T EE ST 1Y PT-
SPE-UPLC-MS/MS J7 i e AR P iE e B 1
T A5, N R K PR R S Y W A B PR O A
o 2% RS I R AR TR VR R 1 o SR T AE S PR 4R A
m ol AR W R T AR ) T AR G AR T AR AR
O HE T ] A Sk 4R v B 9 B0k R i 88 4F [A)
RS 7 A SRR et ik R Z
AL A A R SRy 052 B 550 28 44 B Ry — ol A A5 i
T % . Xu %57 Fe-MIL-101 #1 Ti-MIL-125 jif
it PVDF [& & 75 = R S K (MF) |, f g T
MF/PVDF/MOF # {& =52 & W B b 6. o H T
PT-SPE, 7€ 3 min P B 0] 52 & %5 4 A HL % A 24
(OPPs) iy P # 25 i . 2 F L JF & 19 PT-SPE-GC-
FTD J5 ¥ X 4 F OPPs £ 1 5 [l 4 0.5~160
we/L, £ R g 0.03~0.14 pg/L, RSD<9.9%. 7E I+
S A O 3 RN A A 52 BRAE i rh B A (8] R
75.3%~118.8%, I H 41 % (1) 8% W& 42 vty ] =2 2 {8
/05 . HoE AUE WUPE e — U7 ok IR T MF/
PVDF/MOF & & #4 4] () 0 [6) 02 B4 1T 5 55 — 5 1
T2 MF 4846 ) 5% 2 KL 38 T8 75 5 B R ol K
TR T A UL B AR B AR T AR . Xu K
[ 358 % Ui0-66-NH,@TpBD % 2 /E K 1 2% 75 4
£ YE(CCF) I, I8 bt — 1 2 B 5] L 72 7 6 VR 45 R
i T PT-SPE. M £F 4k 1) 2 1 Z AL 454 S &2 &

BHE L T RS E S 5 T E E B, BB A A ORI R
1, BEART TR, [) o 3k B d A i U o % W 9 O TR
RISk 2 4 0] AR T AR R T 0 B ) e 4 43
HARM TR ESA . ARSI 7R
AL Bk 95 K 4% (COOH-CNTs) 5 PAN R H 4 3 f
e 25 22 2 e 1 R AR K Ui0-66-NH, , ¥ 5 1
BLAR R 5 3= W B S R A AR 4R . A
e AR v, BT Ml A R VR RS i e P R A
S5, AT BEAR WA AL BT RE D, DA SE R R & b 1 AR
R A W, DRE R T I i O 4K B R P TR TR
Foor i S5 AL (B Sb) . EEF i E# L
CNTs-PAN@UiO-66-NH,-PT-SPE-HPLC-UV J5
76 17 min P ] 52 B0 S Fh £ G0 2K (PCBs) 19 B
L AR AR, FE AR R SRR RTINS
Flt PCBs I E YL H o~ 0.027~1 000 wg/L, £ i} R
7 0.008~0.241 wg/L, H N f& H [H) K % B2 3% /N T
1.71%. FET 7K 5 I A 7 A 468 56 S B A it v (1)
HFR [0 % 81.20%~117.4%, I L 2H 5 14 7% Wi 4%
23 v ] 2 A R I 30 W, e ER MY R AR Pk
SrpT AT EE A SRR R T AR B E
AW % Bz R e (DFT) T 3IES2 , 5 A
HAEH B 5] A JE MOFs 3 & & #1 kL %t PCBs 52 il
15 A IR T 1 B AIL I 2 — o A ST A M R
5 -%E B AR 1 2 R R 7R B T A BOSCR Y [R]
BF e T H5 AR B B M 2 AT T, N PR
5B R S PR TS G A DR R R T
TR T %

XA E G MR (I = R U 98K £ 4t
FEE AR 2 A 7K B R BB I A ) B A 3 S T E 1 K
FLFLIE S5 | R A A LA R B2 5 n] M L AR . X
AN BB 5 2 AR VR 7Y e, 3 RIS B B R 8 15
Tk 5 A 18 18, AT £ 7+ PT-SPE %€ & (1) f2 e 1
5 75 o, HE S EOR ] AT S R L i
FEHE ALY 7 ) &
1.5.2  JE PR3 B A0 B

MP-SPE J& 75 £ fL B H AR JEfilt b A i i — i [
AHAE BB AR o 2B AR P A AS 028 W B 550 1 £ 454
S5OIRe T T R R AU R B Y 2 LR T
Bt 750 2% B4 2, DA A ST ) AE BT (] 6a) o X
F i iS00 T 5 AR R LA ROCR . MP-SPE
WE BB A R0 7 Lk W B SRR AR A 45 K 5 B SE ST
Ik R O 4 VR R 52 e BE T T . LA
SiRg AR T AR, R E R R AR
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Fig. 6

(a)NiFe-LDH/f2 & 6 £ & F8 45 40 5k £F 4 ) % 0 MP-p-SPE 28 4 il % 72 /% #9 7 & B ™% (b) H-ZIF-8@ZIF-90@MnO, i | & F 12 &

(a) Schematic presentation of NiFe-LDH/Nylon 6 composite electrospun nanofiber fabrication and MP-u.-SPE device

preparation procedure™’ and (b) schematic of preparation of H-ZIF-8@ZIF-90@MnO, and the BP-u-SPE process'>”
ICA: imidazole-2-formaldehyde; PE: polyethylene; Ox: oxidation; Re: reduction; MP-p-SPE: porous membrane-protected micro-
solid-phase extraction; BP-u-SPE: bag-protected micro-solid-phase extraction.

VEAE M B I B R 1 R A O I A R
it FH P S i B DA T i 2 00 e R A B ] B
MRERAE BUAS 35 T B 37 R A MR FRURE i K% vy
AL P AF . Gao %'l MIL-101(Cr) .

(59
/'?\L '

MIL-100(Fe) \MIL-53(Al) Fl UiO-66(Zr) 4 F & fa
SE M MOFs E by W Bk 751, 3 2o 5 P9 9 i st 255 g 2t
T Z AL AR B 0 [ 4R A€ B (MP-w-SPE) %6 &, F F
WK 4 RO R I E %5 LC-MS/MS [q] i
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W FEPAL ST %7 X 4 R 3R i Ze 1k 3 [
K 7.624~2 032 ng/L, £ tH FR R 2.0~10 ng/L, Jinbx =
e H 80.5%~102.4%. % MP-p-SPE %% & A 5 &
fdi JH 2 7 10 ¥k, RSD<10.0%., 5 H [ AH A€ JUAH
P, 3% 5 45 AR TR S R i D R IR K
R R 2SS L W R AR IR RS AT R 2 W T
PEAE T S AR AL R O 5 . AR AL L KMnO,
RPN, R — A =R s T A
o1 23 XUC A4 25 44 1 H-ZIF-8@ZIF-90@MnO, & & #
B[] B 38 ek 5 TR s M 2 A 1 4 R T R A B
P W 454 HPLC-UV SCHL T 2 Fh & 22 KE fh v 5 Fif
PCBs 19 = 200 & &R A (& 6b) . 5 550 ZIF-8 Fil
ZIF-8@ZIF-90 #H It , H-ZIF-8@ZIF-90@MnO, [ &
LTI T 5~12 45, U LR ES G T hag
Ty R AR 3 W) T 52 G b R A e b 3R T AR
F= 5 W B S AR TR ) . B A A RS PCBs i
(1) - HERR p-ar A EAEH] | o B N T Ao B 4 2 T
YEF DA, SEBL T MR i PCBs B PR | & 2k .
FF # 57 1) BP-p.-SPE-HPLC-UV J5 ¥ %f 5 # PCBs
B £ Y5 A 0.301~1 000 pg/L(R*>0.998 4) , £ i
FR & 0.090~0.395 ng/L, & % N F ik 27.34~45.74,
FETRON /N T 24.74% , H iz & ] 2 20 30
Wo TESEBR KA S & ab A 1 mAs i 4 b, PCBs
14 [ 05 R 72 E 80.07%~118.7%

DL #WF 58 % B, MP-SPE X Wz Jff 44 ) i) 2 89 B
A EAAEN BRSEEE hEESMNES
AR5 R AR IR, AT AR K M BE T M g
W B A R T S R A Al R Aok R R R AR
BT R B AR R T H RIRE A A 3R R I A
TEAR A7 AR RE 04 P BB 0 5 S ily |, Sife JB % 4 A )
BT e A S T e . T LR K,
ATA T DUARCBRE IS KB I 5 22 AL AR B B} Sy 4%
A 18 26 RO O 1, 40 R T AR (A) A% OSB3
R Sk e AR o A Y AR IR R AR AR T O e
SR, 52 2 BRI ARObE ) 11 A I BR | o 24 i WL v
I FH e DA E — 25 S B i i . PR UL, 4 3l [
AH 2 B 2 E TR Ak R R R B A R T R R A
Ab B A3 A S e e SR ) O AE T I) o

2 [EEMER

SPME (1) & J§& 72 HE Sl A% bty iy A BHLITS 1] fol 284 A A
Tl Al e i Y B O o R TR ST Y A AR
SPME 74 fij b B 72 vy 7 7 068 B 208 28 A il A7

PLIA ], AU ZOEAR T 3R 3835 4 i XU,
25 4 ST RE S R AL B A B R . k4, SPME J2 4R
B N O S B = o TR N A Al P (B
SPME #5425 B8 07 7 il FER 554, JF AT e 25 2 Fh 4y
B G A g , S IR o T A0 B v A Bk e R
R IR B4y BT o L R Ak 3R Bl R 1
P A 7E L B 2R B8 W DU R A ) 4 B b R B A o8
H R RS . BT SPME g B ) B AR 2D, i
i XoF W B ) 1 SRR RE AR R T O R, T
BN A% Gt 1 T R M REEAT T e Ak B G RN 45 4 Ak ek
ELLPE T B 8 o (ELASR R 2 A A
WA N R CAE 45 SPME 2 A X6 W B ) 66 4 )
J B A A ] IR N E R AL A M
b, T LAAR G b 3 2 AS [R] B A 4 19 e 2050 i 26 A L
2.1 SHEREMEMBZER

2T 4k [& AH 13 2% B (fiber solid-phase microex-
traction, Fiber-SPME ) Jf& [& A 13 % B £ A v i1 by
2o B FLR e R )z i — FOR . i AR L
AN AN LF Y DI AT 2 SRR A A 2R 4R O I, Gl
i B AR R TR R A TR K -
B JE V0 Ay B OO A T 1k A A M 3 T T BT
R = 7 = NS S S R T T 7 LS =T = S
£F 4k SPME H A 37 X i o 2 0 HR/EMEHE 5
F 5 HPLC.GC Ml MS %51 #% H #2542 th 1
ST E TSI R ERE R E
Pt 52 2= 3 b A ALAL A W0 G A b B, AR IR
2185 2o I R AR AT A B T I BR p s H-
ZIF-8@Zn-MOF-74 5 & M B}, I R F #E i 2 5 12 9
PR R H B E T A5 22 JL R R T AE &y SPME
YRR . I E 22 SR T X AR BUARREAT T
RGEMAL S LGN AR AR 5T iR 4
57 B R AR (DI -SPME-HPLC-UV 753k B A
BB (R 2R 1 3 BB (0.072~1 000 wg/L) BAR i 46t FR
(0.021~0.422 pg/L) . TEFREE KL A AKRE | Hox)
6 A2 RAR 2 1 AR [T IR 32k 83.86%~111.8%, RSD
H 0.548%~7.336%, FT JF & 1) SPME £F 4 1€ fifi H
106 Y 45 2 30 H . 28 04 R M A FH M o OB A
LRYE Y 2 B 2R 4k (R —H L6 S E (PDMS) Al
R ERER (PA))JEAT ELE, [ i £F 2 f B0 1 01 &
(2B . S840 Zn-MOFs A tb , i i e 1A
40 RO I B Ik R T A S5 O B2 A MR AL T
N TR AT SN SRR ¢ AN NI S (e igu
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i % 44 %

R BOERE I 0 AR &8 DG r-m AR
JH 0 R B AR R R M i T R B 1 g, X A 2
(14 B K % B %5 1k 31.82 mg/g. Zang 2R A
16 1R 2 b SR W 5 i T IR £ 5% 25 MIL-88B 44 K}
(RMH-MIL-88B) , Jf-#4 Hoi o ik i 171 2% T 5 M £F
Y 0m , A& R )Z R E 4 40 pm B SPME £ 4
(K 7a) . ZEHETT S 5 WL WiV 5 4 41 2 i I
B E R A DI-SPME # OB 3% fa 280 11 Fif
AHLFAR 2 (OCPs) FAT A& 4 o 2 UG 27 4]
PSR GO HERE ISR AT A R W, O 1BC U R
F 4l 2% K 2% (ECD) 3 47 &2 &= 4> #f . RMH-MIL-
88B M 4 1) £ 72 45 Wy LA B 5t 5% Z 1) i 28 BR AR 4G T
Fb Ji i MIL-88B B A= & (1% W B 135 e A7 i A% Joit Wt
B, AR T T X OCPs AW B 75 . 7E 2R 1A
Z AL 58 & 44 F , RMH-MIL-88B-DI-SPME-GC-
ECD J7 ¥ £ M 3 Bl 9% (3.33~600.0 ng/g) , K Hi FRAK
(1.0~3.0 ng/g, S/N=3) . HLM£F 4k 1) & &2 (n=5)
M 4.1%~7.6%, 5 M1 45 4 7] 8 52 PN 8.0%~12%.,
B T R A A A R R
11 flt OCPs 1y 2 I & , I 151 0 485k 82.11%~
115.7%, RSD<12%, 7£ 3 M InAn ik B2 T H R M iE R
LF WS B SRS % . T JT & 1) SPME £F4E 7€ 100
UAH G A BRI A KA B ARk K S 3 Fp
T H 27 4 (PDMS . % = W 3L Bk U be/— & 0 B R
(PDMS/DVB) il PA) b # , A Bt % & .
Zhang J H[R] =570 4% 1 vh 25 45 49 S MOFs #4 %}
(H-BiMOF) , Jf-# H:AE &y SPME % )2, H T & 3%
B RE &L 7 R B PAHs, H-BiMOF [H H v 2s 4%
B L 3 T R R AR A% R R e A A
Bl T 2 WU R R Gk B P R XU S I P A
SRS GE— 25 158 T E T~ 458 PAHS %
W HEPE . 454 GC-MS/MS 43 # , 7 1= 2k 1 7 Fl 9
(0.03~500.0 ng/L) , £ i FR X (0.01~0.08 ng/L) , &
2 M B4 (RSD<9.8%, m=5) , n] & 3 R A F 52 b
JKFESL 7 B PAHS A = 280 S5 R SR . DA b
WFFEIE S T Hh2s 454 MOFs & & b1 B4 HAL 5
F18) TR T 44 B 1 A% I3 A0 2% 7 2 4 [ AR il 4 H b e 3R
HH O 5 14 8 AR B

Koonani & H [F] 557" il o 3t 8 4 R &
COFs H # 4 K F MOFs %£fi , ¥ 5 T Zn-MOFs/
COFs Zfb 4 8} . 3 b B4 S80I - £ B 43 IO K 1
Yy B EG B E TS A5 B9 2 4 2% w1 o8 EBUR Z .
B il 2F 4E TR 2 0 2R B (101+5) pm. % A

24t 5 GC-FID Bk, i 4o T 25 #5 A (HS-SPME ) 5%
LT XFi5 G - HERE b 6 B PAHSs AU 4. 4L,
LA YE ] AR TE GC HERE TR AT A B i W A
vE— b 45 5 T ORT AL BORF A . #F 98 R JH Box-
Behnken #i1%f SPME {4 ¢ 845 B v 474k , T
SEEYITEERT 6 F PAHS B9 PS4 1~20 000 ng/g,
R R 0.1~1 ng/g, £F 4 N 2R 4k 8] 53 BT ) RSD
BIINT 11.6% 52 Br 4 ERE 5 23 B v i) A8 X5 0] i 232
4 91.1%~110.2%. 51 & /1 3 i £ 4 (PA . PDMS
& W 56 R/ A F T /R S RE 4 BE (DVBY/
CAR/PDMS)) It % , Zn-MOFs/COF's F£ 21 4 H A i,
N (1 N S R I T VS 7 - O o6 e B = W13
2 B0 5 R G R B SRR E 1, B il £5 1) SPME
2F Y {1 A5 A n] R 0 150 Wk, I R AE Y R A f
FMERE . Li %5 $2 7 SPME X 38 b 1 1k & W1 /Y
RO, R TR A0 5 T TR 4 T B A8 B
FE 14 ) MOFs 44 (SU1L01) , 338 2o o 1 #ek i
5 38 e Wy 3G OO v g L [ 2 TS B 9 22 R T, A IR
B, SPME £ 4k (& 7Tb) o % 7 ik AL 7 i i &
SUL01 4 4 F s s fife W i 570 (100 L) , B AT S5 30 %
IKARE 8 P I I (GCs) IR E . 5 5 Fh
7l # B2 48 (PDMS . PDMS/DVB . PA % 43 1 i/
R O 3t 5k %A KE(CAR/PDMS) fil DVB/CAR/
PDMS) M [t ,SU101 3 SPME 2] 4k %t 8  GCs %
I TR S A ORI AR e S
T A4 R4 R 1 . % A DI-SPME-HPLC-MS/MS
J7 ik, il £ 1 SUL01L 25 4k X 8 Fl GCs 19 £k M3 [l
4 5~10 000 ng/L, £ i B 4 0.070~1.5 ng/L. 7 3
] K RE b, J7 R ISR Dy 70.8%~120%, AT 1 2
SrMTEsK . HAAR SPME £F 4 & 3 AT RSD Ky
3.0%~5.5%, 6 AR 2F 4k [6] - 17 55 42 i) RSD Ky 4.9%-~
8.7%, & WY % Jr 1k R RE = (R MR AT, BE A5 I 5K
ProK B IR B GCs MR 225K . 15345 T SU101 1)
20 BUREVE 5 IR AL T AR I A3 e
T AW MOF's 767K J5t 43 Hr v iy iy FH AT 5, e gl 1
SPME 4% A [a] B8 SRR 19 7 1] & .

2T 4 [ AH o A SRR A A IO R L BL R AR
PE R AR E #E A th AE e G v 2 I3 5 5 R
ALK L TR AL AT s (] Te) o XY AR
HORE =0 IR Sk b Ak T RTAL B RRR  (H 2 ik
2 il 28 T I 2 JEA AR K R TR B Ak 2 T
FRAE 5 3 % &8 2 U )2 b RE 18 38 B ATS A7 38 K FR 4
VS JC -5 I 0 40 P R% B TE Uk 2 BB Y 8 9 v )
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E7 (a)RMH-MIL-8$B # %% % DI-SPME-GC-ECD i##2 R &=E”, (b)SU101-DI-SPME-HPLC-MS/MS /5 REBE MR E 5l 4 4
BB P (c) 4 SPME £ B RMIRBGI BRI Mz EMNBANEENERGEER"Y
Fig.7 (a) Schematic diagram of the fabrication of RMH-MIL-88B and its DI-SPME-GC-ECD procedure'®’, (b) schematic
diagram of the SU101-DI-SPME-HPLC-MS/MS method and its comparison with commercial fibers!”” and (¢) Photo-
graphs of the fiber-SPME device during and after in-situ extraction, and the chromatogram of the extraction re-
sults'™!
OCPs: organochlorine pesticides; GC-ECD: gas chromatography-electron capture detection; SPME: solid-phase microextraction;
FML: fluorometholone; MPNL: methylprednisolone; PNSL: prednisolone; COR: cortisone; HC: cortisol; TRC: triamcinolone; TRA:
triamcinolone acetonide; CAR: carboxen; PDMS: polydimethylsiloxane; PA: polyacrylate; DI: direct immersion.
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T %44 B

Wi A 5 v I BB o DRI, O HE ol 27 2 [ A0 A
1) 25 505 A Rl Ak R RS E R R S R R
W0y 200 %oF 10 28 T 35 A R AR R AT R G4 S
TELIEPE

22 EHEMEMER

& N [# A 13 28 B (in-tube solid-phase micro-

extraction, IT-SPME) & % B35 R 10 F & 4 . [
sk NEIAL S FE LR K O 1) R R ) AN . X
BEAR T RE G B v W AR D, BT A BN
b B 5 B A B S S HPLC H GC 25 0 B 46
ACER IR, 50 IR e A% B e R LA T Y — £ Ak £
PR AE o MR A O 2R A TR A PN A A T
R BAE R YR B A A R RE A
AR A TR )2 T AN R R B R S T R A A
LR R H AR Y 2R (H S B R R
P BE 9 A% 0o AT 76 1 PN 350 43 38 18 A K 18 I R A L 7O
v e A R A R 2 R DA S AN A O A
T OIS PN R T A A T R A DS R T R PN Y el e
SRR T . AR BT 3 i AT A A T R -
B TR 8 T — Fh o BUAEIR ZIF 48 22 A ML- TPl 4R
b & PRk (ZIF-HMC) |, 5% 5y F T 4 Ff 3524 B 51
(BFRs) It i 20 B 408 i 22 HU(CME) (18] 8a) . %7
R VA O AR 1 mL, 7 W ) T R R
800 wL. 7E it fk %& # & , Br JF & ) ZIF-HMC-
HPLC-UV J7 3k 09 2k P [l o 1~500 pg/L, K i B
M 0.52~3.1 pg/L. 7E 4 Fl FR 55 KRR b iy in b 81 i
FH 88.8%~116.6%, RSD<13.6%, 1 % /b # & i [
30 L, R R A A EmE M SRR et . AR S AR EL
PEBE 32 U T BFRs 5 4% 1AM 0% B 551 22 1a) 11 2 Al
AN AH A AL B -BKVE R R SR o
AR . [FE, ZIF (448 2% 0T G 2088 i Ak iy
AL S5 B Ee A5, DT R I A e, A% o, 2 T A
HURL % . Yang %5 78R HJE A R A 2l % T MIL-
101(Cr) 8 44 1) 5 B 56 75 045 12 46 /K H Il g -co- & —
P = DL TN 0 12 15 (GMA-co-EDMA ) 3% {4 £ |, % H
H# 5 HPLC 7Nl 8 7% # , # 57 T #£ %k IT-SPME-
HPLC-PDA J5 %, TOKFE b 4-fiF B 08 1y L 2-1if 2
W3- R 2, 4- R Y B AE B S A
5 R E W MIL-101(Cr) B4 B A W AR HE XS 4 Fi
1y 2 1k A 9 1 A6 BOPE RE 2 3% 0 T A 48 4% MIL-101
(Cr) A Y4 AR H: UESE T MOF's 76 42 T+ 4 B ik
R SEN . X EBRTHRASGY S MIL-
101(Cr) Z [8] ) Z # 4> T A0 B AEH A 6 R R (8] 19

- YRR T 3 5 X A FE R AR T A R
A K A AR FH o T ST ) TR 4 RR i S 1k
& W0 21 T L 0.08~300 wg/L, K HBR k25~
500 ng/L, H P J H 8] RSD & 1.4%~11.0%(n=3),
WA F AR 7T1~127, FELBRKFE bR L5, B
AL A 10 2y 78.6%~107.1%, W] il J& 52 bR ke
mm AT R . MOFs 5| A B E#T TR & Wi
PR Y 2 R 5 W PP RE L RIS, o 4R A Oy Al
A T HE Sl [ AR A BB R 0] 3 Sk 5 ] &
J& . Han %57 DL B 1A (105 TR 3 -3- Y S R g /<
IR L) Al Ui0-66-(COOH), /5 o M 58 ik | 3 1t
JEA [ R A& T R T A@MOFs) &
B RRE . JF UL EE S T #EZk IT-SPME-HPLC-UV
Tk EB T A MY T AR LS
. SRR B AR MOFs 19 in AL 42 5
TR AR L R TR, G N T R MR X A 2R
(1 T B 25 0 o PN B Y L TE 5 A 1 A AR Y
T H WY /N T 40 2R 5 R AR A SRR fifk W 3L R AT
ik #) 1 mL/min. B8 57 5k & S B 0.01~
5000 pg/mL, & B4 3.33 ng/mL, H N & H ]k
% BAL T 2.62%, FE ] AH X bR E R 25 N F
3.16%, £ 3 F 25 H A W o bR Il R Sk
100.58%~105.00%. 1% % AR A: 78 1% 248 1] 300 K5,
AWM RE A Kb I R AR AL R B R A R AR
M. Song M H [ R R MR A K
% 75 58 (R4 -MA-co-POSS-MA ) 4 4k e 14+ P 5 7
A K ZIF-8, 5 B MOFs M b RS £ 5 14
e I P O il A ) R A R T — BT R 3 G
Kk @MOFs 7% fl #& 1A H: . 3L F #5377 78 4k IT-
SPME-HPLC-PDA J5 vk , 1 T DU it v 3001 i 1R
(DA) [ = R0 48 FURS ARSI (1] 8b) o i AR AT Y
(1) ZIF-8 A 171 4% /& % B & e K (3 140 pmol/L) , JE
B LA g e B T 0 5 A o RN SR T AR S PR R E AR
WL A ZHR LT T, fERERMET %
D5 ¥R DA (LR PEJE I  20~200 ng/mL, £ Hi BR Ky
7.0 ng/mLH 24 T 14.0 wg/kg) , K i 5 64 B 5 4% 55
[P AF A IR 5 T 5~28 3% 5 R DU R SC A RE A 09 A
R 91.2%~94.5%(n=3)

TE 28 IT-SPME ¥ 1 FH % 3 ff b 1 A% i 1 &b B
AR R R L S BT R A B A 4 AL T g Ak
MOFs K H A& G F RG] AWk — 32T T 58
LAY IT-SPME 14 25 BUPE B 5 B £, JF A 200%
ARG R W8 T ks N E . Beoh, F
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LN ! 18h u L
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R0 95Nk ‘ é(j ¥
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: ) 5
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o
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o DA toxin 10+1: DA fortified sample
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ES8 (a)ZIF-HMC #%i%& % CME & R E""'#0 (b) & B 45 @ZIF-8-MOF {% iff 35 Fn 2 A 4% o 6 & 7 =21
Fig.8 (a) Schematic diagram for the preparation of ZIF-HMC and the application of CME 7] and (b) preparation scheme
for the aptamer@ZIF-8-MOF-modified affinity monolithic column'®"’

ZIF-HMC: zeolitic imidazolate framework doped organic-inorganic hybrid monolithic column; CME: capillary microextraction;
TEOS: tetraethyl orthosilicate; APTES: 3-aminopropyltriethoxysilane; ZIF: zeolitic imidazolate framework; CTAB: cetyltrimethyl am-
monium bromide; HMC: hybrid monolithic column; BFRs: brominated flame retardants; POSS-MA: polyhedral oligomeric
silsesquioxane-methacryl substituted; AIBN: 2,2’-azobis (2-methylpropionitrile) ; poly (EMPM) : poly (epoxy-methacryl trisepoxy
cyclosiloxane-co-polyhedral oligomeric silsesquioxane-methacryl substituted) ; DA: domoic acid; MSPE: magnetic solid-phase extrac-
tion; PDA: photo-diode array.

WA B, A A A N SRR R IR RIS (1) MOFs 52 5 AR GE A5 B i (9 Lo 2 1 BR AT 3 9
TR AR R, AT T T R BUREHE R 25 S FLAS RN B T O AR AL A B0 R O A R 5 A
X E BRI E )R R AR B O P R R R B R AR U O 2 EE AR AR RE , ok TR e A AR (RO
IT-SPME ) 1 4 A BUSC3 B (k7 07 A Sl g =+ FEE AR P i RAERE T YRR Bl A i A
3 wsSR® VEFEIESE o SR, BF 5T BUIR R B, A 25 0 52 2 1Y
MOF's JE 52 5 4 FL 75 I BE Pk g b 2 B st B, H 5
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