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Figure 1 (Color online) The sample pretreatment based on novel
nanomaterials for complex systems

1 BIEGRERE

TR FE G OK A o 3R T P A7 Rt A S 7K i AT (Cln oA 4
BOREE RED, A SNSRI E. R
L A RE T DA S E AR, TER MR e IR
QR ARSI AU AR R . R
KRB FEBR 2 K4S (carbon  nanotubes, CNTs). £
B TEMER . B (fullerene, Cq)%. T LidHf
RHEZK S W PR B B T LA IR, 8 R AL
SR E AP L S REE R R 255, B iThketl
AR PG BRFEAT R e m bR A 2R Y
[FIE, W RhPERERS LA AL, TERE S AT IR e Bl EOR
AT .

1.1 RAVKE

CNTsHA YK R LA 2Ly rhas 251, 3R
TR T s Flisp 2k B, &R SR 5 T2
AEAL, 2 PRAR ) 7 B PRI . KT, CNTs 502
[T A A A P A -mAE A A S, X 2k T
FFRA 2 B B R, i oM ON TS S B i 1 i
VB, T LA 25 S s MBS0 - A ) B AR B . X
R R R 2R B R F R, — &R T CNTsi
RESH TR FROT 0 AGE . Zhus N R B AL R 2 BB
MK (multi-walled carbon nanotubes, MWCNTs){E A
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SPEMZ M FI, R FHAELREEIE B 35 (AR (s - R R o
ji(gel permeation chromatography-gas chromatography
tandem mass spectrometer, GPC-GC-MS/MS) 521l &
T3 1R 25 95R B . HanapilAI BA"FF & T —Fh
TR BETR R 48 7% 10 2 BE IR 90 K 45 (Alg-MWCNT) fE 43
U I AHAE B (dispersive micro solid phase extraction,
D-u-SPE)W A7,  FIIH i 250 AR 2.3 7 (high - perfor-
mance liquid chromatography, HPLC) 37 T /K EEH 5
FhAE 8§ RSP0 K 24 (non-steroidal anti-inflammatory
drugs, NSAIDs). Martinez25 A" 74 4 /L B9 CNTs 1 Al
FAFRD,  ARIBOKFE P 3R iR 2R, I N T T3]
Ui~ HR AR KRR it h R R R R . DA L
R EM, FIHCNTsAE P HDES, kR, S
FEEE, T LASRATH g 14 W2 B 25 2 A e B2 (1%, 7ESPE
TR B B ) I T 5

N T AR O AR Y 3 B AP TR, (RIS R K
PORRGT/IN, S . ARG B0, CNTs S
A MBS HEPE AR BURLZE G, O 0 [ A A
(magnetic solid-phase extraction, MSPE)zl#87 fifi B2
HUAEHOR, BEAE D 58 WU i AL B, CNTSTEZS H4 FH)
IRALEVE RO T UL, i fLBREE . & LR TE AR AN
S FIIhetk, R MSPER FH b A BAR AR, 4R
M, WF7 Z A0 55 n-nAH B AE FH A K AH B AE
FIUSPL B CN TSR AE X AN RIS A s S
ARG R, Ko ARt SR gl F22nr 4y
h32s: EReH. DiReiER A BEA . Yang%E
SRR T 2 MW CN T J5U037 i 1 7R R 43
J& A HLUHEZR T & G EMIL-101(y-Fe,05)/MWCNTs 5
AR, - EAEH . KA EAEH E IR RN
Z I F5 1% (polycyclic aromatic hydrocarbons, PAHs)
(F12(a)). ot 4 Jm T 300 BT 4125 A LR AR Ak,
PR ARG ES0EY), e C RO . B
TR M Al 245U T g ) B0 Tgqbal 2 AP il FING-
Fe-Co/ALOfEALFIE 1 £ Bt fb i SRRV & 1
VEZ BERRAN KA (Fe;04-0-MWCNTS), I T H PR
FWh R B E R, IRmAT s iR, A
WA R TG Y . AydinZE AP TG (0 K i A
MWCNTS/Cu,O-CuOBRIRIE A KL, 455 AL g & 45
B (inductively coupled plasma mass spectro-
metry, ICP-MS), SZ3 T PREE AR T 2 A S Al
PRI S3HT. UTAEK, HETRETEGA KA R i B
P [# AH A B (ultrasonic-assisted magnetic solid phase
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Ti-based MOF nanosheets

Bl 2 (W4 WUR 8 3 T 40 K45 (carbon nanotubes, CNTs)(a)' . 4L /% (graphene oxide, GO)(b)""),

HL'E"W (metal-organic frameworks, MOFs)(d) 57 4 Kbk 1) il 4%

ure 2 (Color online) Preparation of novel nanomaterials based on carbon nanotubes (CNTs) (a)

(c) ) and metal- -organic frameworks (MOFs) (d)[S(']

extraction, UA-MSPE) ARG )12 WF 58 AR H.
NomngongolA1 B\ 5% FH— i Ik & I T i v o e
BRANAE WA S S MR MWCNT-Fe;0,@Zeo), FA1H
UA-MSPEIEHEA TR SEER, /B & 2 T A D

1% (inductively coupled plasma optical emission spec-
trometry, ICP-OES)f Il Fl2E &, E37 Y UA-MSPE/ICP-
OESTJy vk n] S PRI il BT IR A0 o 4R S T
Shirkhanloo®# A% il 24 SR 8 1L 2 BE ik 44 K 5
(MWCNTs-Ph-SO-H)E A B 501, i i< 7 i B
(%17 B} AH A5 B (ultrasound-assisted solid-liquid trap phase
extraction, USA-SLTPE)$ A Xf /K RE i R SN 35S
THATIUR S, RE T3 KA 5T IR O

(atom trapping flame atomic absorption spectrometry,

B IS (fullerene, C60)(c) > F14: @A

graphene oxide (GO) (b)D”, fullerene (Cy)

AT-FAAS)#EATINE . 127 BT B L Al PR A
. LSRR Sl 5~165 ug/L. 0.35 ng/LFN50. H
TR BEKRE A ST A, F o 9 28 0 L (R e
T SoE O gk Huangff)\[ZS]uézL%ﬁ{Téle@CNTs
1L - HY kK s 48 41 1) 450 Ak 1 A5 M (graphene  oxide,
GO) A I REM L i 45 REE AN K 2 SRR, Bl
FE TS WKL TEEAKCORIR K R L3RR A AR R R

CNTSTEZES Fa A B AL 2 R 25y T A 3 e L
Stk B B 5, (H AR SPEHRR sk il 5 E AR
SEARE T S5 AR R AR SRR R Sh Rk &1 5 |
NEE. L TSI AR AN T R 00,
Al PSSR CNTs A e Z [ AR B, S mifE 2 4

2621



M % b & 2023F57H He8% H20#H

i

JEORE i o B B A S 1 B AR AR
2 [k

A SBRJE—F S T ER B R BRI T sp” A 22 1B
JE BT RS F AR, B MR 1 JZ2 R G5 A8 A e
LRI A S 3 W S R, A R D sl g
ZPOM BB IER R, WA RIS RIGO, BAT S LT
L RAFPIAUREREE . PR s Sl -, (AR
Sy AR B 55 A i LA R AS B 5 1. SR, A
s FADRHE N R R iz i i e, 2 3H B ) BTR
AR SZ M & SEROR. l A S A R R T i
i, E 5 HABURM BN S5 G, IR RO R
AR, TSR SRR B AR AT Z R AH BAE H.

FIHGOFE MR LIS TR, Mt ILm
HHEAEHPE G AMOFSHEZR 1, AT LA R4 RTMOFs
FOFLBRR . R PEAHRICGICR. Amini®E A 1 #ih
e FARA W T BA B A LA 9K Bk (PAN/
Zn-MOF-74@GO), #iHLY1 229K L4En] Bj 1IEGO@-
MOFRURL R R, TFelcs HorErE, i s KA AR
A SRS AR, X 240 5 T A SR (chloro-
benzenes, CBs)MEATREREMEMLIT, [ Al ik
99.0%. N T I B R Z BIEREE, Silvestrods
NPh 5 B (chitosan, CS)5 A [l FIGO(1%~20%,
w/w)i A, RIS RME-4E kA 55 M (chitosan-graphene
oxide, CS_GOYHE A, M THEA LG YW (organic
micropollutants, OMP) 120514 24 11 = e £ M FE ORI
SAbr. Sun NPOSR K Bk A RGOS BRI I A FL —
AALEE(GO-Si0,), FHs HAE Ky SPEIR 2 A5 it 2 v
fJPAHS, 1£0.8~250 ng/gZM: il N BYAIFR (limit of
detection, LOD)AILLikF0.25 ng/g, & EMGE L
27191

P 550 S REVER R ZE A T 25 SR IR LV K
WL, A3 A e ik Ak sl A P R 7 e 1 A 55
b, R MSPER R SEHL A i 4 PR b o3 5.
RahimiZs A\ POSR ] [ 408 B 25 vk TRkl 46 =460
BIREM KR IBURI (3D-G-Fe,0,), 454 UA-MSPEJ; %
PEREMEIE TASFE b rg e, IR 3442 90%
PL I, YesE &% (determination coefficient, Rz)%}?
0.996, LODH0.1 png/mL. /N ARLH PR FH fh 2 2t
DUVETEL il & RIB 20 A BB Im 0 MEM BH(Fe;04/N-G),
37T 2,4- IR EH(DNPH) M AT AT A= -UA-MSPE-# 15
RICRORR (% - DO AT I B o A PR vk, sl

it

2622

TOKFEHIRENED . MRS, TImmE. TR A
K OIS Y. GOMZ: AT Y & 48 LA
(It . ARIERRBL) i LAk b AT LA B0 B
TR BIPE. Lo PRItk RIarE 4
FFe™. Fe& 5GO IR ES T (4 iGO-Fe,0,,
AR R T PR BRE AR v STk Rt oG 4 245 40 ) B,
X H AR5 B 4 19 [l UC %R 4 80.4%~105.5%, LODA
0.02~0.2 pg/L, TEIfARAIE 2 4Tk A4S #2540 S0 H7 7 T
B ERWE 1 (F2(b)).

A1 BB AR LA X R E AL B P BE PR AN 3
FTAERRE T, ALY KA R AN Fe,0, f1Si0, 5 A1
95 B HAT R EE A T & =B 9RM L, BT LA 3R AR
A1 B IE ARG TR ESE,  MIfiHh 98 AL SEBRAE
FEH .

1.3 =&

Coot 19854F K BLICT A — Rl RL,  Hisp 24Pk AIC
SR AN, RN BT A, = AR R
AL R n IRV . 5 AR AT R, Coole
— P LR AR A A AR M R R R, H 3RS
TIRefbenn, i bR Sl iz 18 H T SPESI.
PEAORITRIAE R 2R AR, 38 33X C o) FR T HEA T, 18T
LR AR AR AL B Sl -n AR 25 A A (RIS, s HATLA
SREE. Zhouds N\ MGCoo B MRTEREIERERR I i 2 REVEDN
KIUAL(Fe;0,@Si0,@C0), FAFH SPEM I st -
o EAE A S PAHs B ALK, 454 S AH G- (gas
chromatography-mass spectrometry, GC-MS)# AR, &7
TS 16FR = PAHSHY /3 BT 5 iE(K12(c)). FlifS, i
Tl #8 T Si0,FI3- S 5 = 2 U SERESE R ME I Fe;0,
WAKER, RIS Coo N ARTFFe;0,@Si0,@Co B KK,
i [ BEGC-MSI AN E T RE 2 g 1650
PAHs™". Portugal-GomezZ5 APV I Coomt 1y 22 I EI
il % B3 B (screen-printed carbon electrode, SPCE), il 4
T 4-CHIRBR HT B AL 2R SRR, L A 9ROk A& i
MSPCEMERERAE, I T #4510 H4- O FER B (1) 2
S CRRREPEGOR IR, 352 2 43 BN 2R A 1 (molecu-
larly imprinted polymer, MIP)1, HE{IL T —Fh4rik /L
Ho T [ e St A BB, AR BURR Y % 1
i, T B B bR T HA e e, S, Xui AP
T T —FhCo P REALREYEMIPH B (Fe;0,@Co@MA@I-
DA), SEIL T KA LS 0 R B, AT R H
SRRt Yok 226,



P A

1.4 HAGRREORE

TEPER A LU R TR . RIS Z /) B B
RAFRIZRTRE T, Bk B sl iR A Wi 2 5
o) 2 R R B A R 2 — . T T e A A b Al
JrE G THAE . FHRIAAEL L, C g 54
Y. 4JE e R AR E TR Golovko® AP
{5 FH P Fh SR 15 PE e T BFOMP, - FF0F5% T 117K HHOMP
S %A HLk (dissolved organic carbon, DOC)HY K Fff
FEPE S RBRRCR, BT PRSI AH 26 IR 3 - R
FiE 5 vT T iR SRR AL R 7K HOMP Y -
WK, Piovesana A\l 45 T BT R BEYE G SR ALAR A
TR E A Y(mGCB@TIO,), T & R
WP RBERR LK. Zhangs A1SR I TR0l B i —
ikl BB ALk, HEA TR, KL
BRARFRLL K A i, RS XTCOL MRS, Jfik 5]
22.06 mmol/g) = W i 75 5

A= 12—l B AR AR I A8 S FLBR 2
BRI Y, LT L3 Ao Aok T A R Ak 22 e 77 ik
SgtA B G, 153 B AE Y 5 (magnetic  biochar,
MBC), B4R, Zhao% NIRIHI/INE
FEFF IR SR AR TE RSP Rl 25 TMBC, R A
FE 436G R % (atomic - absorption  spectrophotome-
try, AAS)ISE, B¢ 2 RPY™ )5 T A PERE T i 2205
HLER. Wang 5 A8 o 4 B 7 o 4 T A B REAL
HIRE A e (Ca/MBC), 1T IR EBRK P rgfLEA
Zf(malachite green, MG), & 3B E #IL T —FA %L
RpRE DO T REPELE Y YE R, MBCTE400°CLLN %
feAb PR AT AT — 2 AW PR R, Ab 35 i ELA R PR
PER L

Zi b, REEGRARIERE 5 T A U EL A R
MIPLFA, ) S Aln-nAl BAE A, AT A 20538
Z AR TIRER T T R A, X, K
R BRI Y T AL B, KT, BRI
KPR UNCNTS AL SR 0 A L T 28 2%, BRI T
HRHUALAT ], ZOU R HE ] B B 1 & et sh L
N B IR RS B AR ) AH B AR R R
PEA AR, AT DG i D) Re b g i g | AR . RAF
HEBHAE IS, BEsmbt bl 58 i Z A EAE M, A
T F B i rh RN [RIZE B My e e ook,
AL S H AR B R R S, SR 21
T UEIVER, B ORAR BE b (2 R FE 9 KA B AERE S 43

BT A S A .

2 EBRAATHL A

2.1 MOFs

%)@ A ML 2 (metal-organic frameworks, MOFs)J&
FH A HILIC AR 0 4 i 8 e A7 S 1 20 T B ) —
BAE HL-TCHL LA AR R T IO ST A
LB AL ST ZhE, MOFs HA ZRER LA FIZEHy
R, HAb2eai g et 32 h 4 - B AR B D
I PR FR K /3 A R LA R At 2 8 2 %), MOFs %
HATAEM R EA SRR B EfLER . T
SER D K KA 5y T IR BTG PR A, LT 12 b
FRHAAER . il s,

A HEMOFs ICHLRIA HLETIAF R E Z, 24
CARIE T T FOR[EIMOFs™. i A A4 i T
2-DECEEMOF(Ti-MOF)YA K i, 438 1 s S5 3 I s
HBERR ALK,  FEXE /N RO BT B J2 (26014 B R fL ik
12235 BEER LA A5 /N EUB R (32081 Wik R fb KAl
2786/ W IR Ak 57 1) Fl /N BRL 52 AL (28 664 Tl iR 16 K 11
3319 R Ak 007 550 S REAS HEA T R Ak B 11 T 2 2 53
Br. BEJE, % BN T 35K T ETi-MOF K A0,
NG 2% ) NI RS v s 4 31 68 N-HH LA o5 FITAH
XRG4 . 66 BERK, FEME R (s L2 bt
R RAF R TS (1 2(d)). i, b TR
MOFsTE KA T e P22 1 1) Y, Abdar A
687 P 18 2 - 5 5 4 4 FEMOF s FIGO4H & il 4 A K i
A MR Cu-MOF/GO), F456: A 3lISPEVL KA UK HE
HIWPAHSs, %A EHE B ) GOFICu-MOF B H B A1
MW RRPERE. 1 TAE T IRIF9E T MOF/GOY K A 1
R hy W B 550 i A AR S A L B R . SR,
MOFsYE KW AR, 78R FH A7 A eI I Bl i 0 J [Tk
SRACAY ], 380 L A -5 MOFs&h A 1T LAAT S o
BEIRIL. UTAESR, AFFTRIE T MOFs SREMARIZE & F
T2 RE AL HARY AP S B 00T, NiuZs AP0
ZIF-8 53 2 4 (attapulgite, ATP)ZESIF R T —FhiGE
MOFs 248 K1 BHATP@Fe;0,@ZIF-8), T4 H
BEIRZE S ORI AR, I T A5 H A 670 2 Y i
M. LinZ A0S 5245 B Fe;0,@MIL-100
(Fe), FFH HAE Mg i), FIHMSPE 7 =6 245
IKEEH Y TRINSAIDs #4175 5. MOFshikfbfm, Hrb4g:
JEEB A>T ARSI RGP E AN K TR, A HILEE R A A
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2L EE . MOFsTiT A= it 14 2Lk (magnetic por-
ous carbon, MPC)H. A ik @ Pk, IR T RIAMOFsHY
HAPIEAFLIR. del Rio%E ANV HEE/0R A 4B M
MOF-74E A ETA, 8 P68 T i 2 fLaK
FEC-MOF-74(Zn/Fe), HEFFIEM 4 ULYL NG YL H JE
FEFNE I, AT SCIK AN ] N 4014 1 2B
20204F, del Rio%5 A\ 28 HMOFsAHTAE i Z ALk 4%
BB I LG A FE A I ZIF-67@C-MOF-74, I
HAFAHLYRENIR L VL B AR By 2510 -& W p e Sk
FEHL.

BEPEAS [R] 0 LA A1 4 J& o0 ok 1 T MOFs L
TR ANFIIEAR, S JH LB S5 H, DS BiARRIR
SEHBRYII) 58S MOFsVE Ay [f AH < BOW B 7R A7 AE—
BEER I BAEE A HN A . A EHE LR, B
il T HAESEBR Tl H BN FH; MOFs4 B AMH e iR sl
HoAth B Ar 0923 B [FIRHAE e 2 R e D, o s Lee
520k, MELIfE JOEEVER ). fEARCRIFR T, HdE H
FRYI: R ARG B 15 TMOFsZE#y FITh e, J& EA T 110
B ).

2.2 COFs

M HHLE 2L (covalent organic frameworks, COFs)
SR AN R TR (HL O Cv Ny B Si)
R A VLR LR S M2 LA VA B 5%
GICE AL Z LA EELL, COFsEA I i (1 LB
yS LN G NS TNy i NI 5 K B i N 2
VE S B30 S FE O SRR Ak, th Toe il 7%
BITIA R BERE . BRAE ST 2 RIS AR 7 A5 fy ] f8,
fAy BRI AN A9 W B B COFs ik A5 8] T 8 2 1) K.
TV MM 1] FH COF st ) 22 FLAE R85 4 AR
LUK R, 5O 5 MR A% O AR P AT Fe 2 L A
RO R 2T 4E 2 (quinolone  antibiotics, QA)FHH E
H, BT HoRK. SRR RS RAa SR QASHY
EERGRIR. R, XA O S A i T B IS
FRmdAS e Mk B AL R A FLBR R 4G 45
PR A = 2R EIE T T IR T R (TPB-DMTP-
COFs), X & iy FIZK i (IR S A PEREISE e 2 90 11 0 5 1)
MR, T PR Rl T Rk R T
TECOFs & kMg, &5 AR 6145 T FHECOFs4h
GBMEH, HTTFHXTBUARRR . 20K T4
COFsy & M FrEr B4t 7 — D ARR P 5.
Hong% A5 1o 35 70 ik il 4 7 2 F 0 B i 2 AL
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COFs(BP-COF), B HAE R 55, 45 i4iom &
il FL K (nitroimidazole, NDZ) & HACEI4), L FH T4%p
IKEEHNDZ AT, W HECOFSTE KW R e M o
U AR EER R, S A T YA Y R )
A3, HanZe A" il 7 B R B A 3D T
COFsHyS, FH45GHPLCIZIR 1 A fEms it % e {4
Iy

N T TR % COF sl LA M FE 3t P bRk 4325 1) )
PR, Wi ECOFstE ML, FIIHIMSPERYHRIH 73 2540
AR KT COFsIY BRI G . Pang A
K HFETE G i [ 7] COF-(TpBD)/Fe;0,, K
FAMSPE J5 3 S ACRHER ff v 1 SRS 2K — B R (phthalic
acid ester, PAE)#F 75 5. 1% TAEFME T —Fp Ay B0
fbad 2, SEPL T COFSTEA[RIFE i A okt i i SR R0 25
PAE. #RTfii, COF-(TpBD)/Fe;O M BH®# /K MEBR ] T H:
Xof S A 4 o B W BRI . Wen i AL 2ok ik ik 45 1)
REAk & 115 ] Fe,0,@COF(TpBD)@Au-MPS, %41k}
SEAKPER AN, REAS LB IA 2Rk 5 rh ot s T R 2
Zj¥)(fluoroquinolones, FQs)AJHEHL(EI3(a)). Jiang%%
N [O5Tk 48 T —Fh i 5 2 FLMOF-COF (Fe;0,@TAPB-
COF@ZIF-8)E A b K, R HIMSPE 7 iX%f LI RE K
R B B AT A, HESL T — R E . R
1 R AU A 5 5 12:(K13(b)). COFs RS B it
HoHERL IR rp 28, BEAR T gt — 2l T, mifk
COFsAI LRI FIMSPEMER, fEFECOFs /B, LAk,
BEALJE Y COFshRIE FEAHAEBGS FErh,  fERS 25 4
SyATRE ] A ML FITEAE, R R RCR.

COFsVEN HA I ALBR R N = A P a5 i 2 4L
PR I RIS R . PR E AR AL
B SRR I, 2RI FrEaEs . R
W7 AR T vz R0 sk, A EA TR A
ZER B FECOFsAER Luase [RIxfE, BHAG T COFs7EF1E
AL FNAY B STk ) & e, B FHETh 4 51 ACOFs ™|
YA R, A B TR SR e TN B,
H ML COFsHZ5e 4544 0 & LS5 (AR X 7™ 4% HLAFERT, 45
RIFRBRAERT A SR 5 Tl R bk 4 A
Tk, P HES COFsAERE i THUAL B FH 45 38 S 512
Ptk .

3 SRR
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Figure 3 (Color online) Preparation of novel nanomaterials based on COFs
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Table 1 Application of different types of nanomaterials in solid-phase extraction
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Applications of novel nanomaterial-based solid phase extraction
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Accurate analyses of target analytes are of great importance in biomedicine, pharmaceuticals, environmental protection,
and food safety. However, the diverse matrix, severe interference, wide dynamic distribution range, trace amount, and
various components of inorganic and organic analytes make it extremely challenging to conduct direct sensitive detection
and quantitative analysis. Detection sensitivity and signal strength of analytes can be improved by enriching the analytes or
minimizing interference through simple and reproducible sample pretreatment. Nevertheless, traditional sample
pretreatment methods suffer from complex operations, tedious and time-consuming steps, severe sample loss, low
efficiency, and environmentally-unfriendly solvents. Thus, to overcome these disadvantages, solid phase extraction (SPE),
which comprises conditioning, sample loading, washing, and elution, has been developed. SPE is an important and widely-
used green sample pretreatment method for complicated samples. The extraction and purification functions are executed
using the interaction between the analyte and adsorbent and the properties of the sample matrix and eluent. With respect to
SPE absorbents, nanomaterials with small particle sizes (0.2—100 nm), large specific surface area, high surface energy, and
high surface atomic fraction have shown excellent performance in sample pretreatment. In addition, they have considerably
improved the effective separation and preconcentration efficiency of analytes. However, pretreatment methods often face
difficulties, such as poor separation effect of compounds with similar properties in samples with complex composition,
poor physical and chemical stability, low adsorption capacity, and limited reusability. In this regard, nanomaterials present
unique optical, electrical, magnetic, and catalytic properties and have been widely used in structural materials, electronic
information, chemical medicines, catalysis, energy, etc. In recent years, the study and application of nanomaterials in
separation science have garnered considerable interest due to the rapid development of nanotechnology. Using a variety of
nanomaterials as solid adsorbents can aid in the concentrated analysis of trace target substances and the low detection
sensitivity of existing methods. Compared with traditional adsorbents, emerging nanomaterials exhibit better performance
in the extraction and preconcentration of trace analytes, substantially improving the sensitivity, selectivity, and accuracy of
detection. They also show promising practical applications via the maturity of the synthesis process and cost reduction. In
this review, different types of nanomaterials, such as carbon-based nanomaterials, metal organic frameworks, covalent
organic frameworks, and metal oxides, are comprehensively and systematically reviewed with respect to SPE performance
improvement and applications. For example, the SPE selectivity and enrichment efficiency were improved using various
strategies, such as modulating the interaction between nanomaterials and analytes, functionalizing moiety groups, or
hybridizing with magnetic separation. In addition, the valuable applications of nanomaterials in fields such as biomedicine
and environment and food safety are demonstrated and summarized. Further development and analytical applications of
nanomaterials for the SPE-based sample pretreatment are also proposed.

nanomaterials, sample pretreatment, solid phase extraction, separation analysis
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