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ABSTRACT: Efficient sample pretreatment is a prerequisite for accurate analysis. Dispersive solid-phase extraction
(DSPE) is a method for separating and purifying various analytes from a complex matrix by dispersing a solid sorbent
in a liquid analyte. This method has the advantages of high efficiency, speed, selectivity, and simplicity of operation,
and has been widely used in sample pretreatment in environmental, food, pharmaceutical, and biological fields. This
paper firstly provided an overview of DSPE and then took the design principle of DSPE as an entry point to explain
the various dispersing methods of solid adsorbents and the impact of the types and properties of solid adsorbents on
the sample pretreatment process. With the booming development of nanotechnology, the discovery of new materials

such as magnetic nanomaterials, molecularly imprinted polymers, carbonaceous materials and metal-organic
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frameworks in particular has brought new vitality to DSPE. This paper focused on the application of these new

materials to veterinary drug residues in animal foods and predicted the future direction of DSPE to provide new ideas

for related technicians.
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Fig.1 Schematic diagram of DPX extraction'
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3.3 HAMEMRLSEEER

HHT, A IR KPR AR 2 56T, X2l
KA IR 2L FesO4 B y-Fe O $AIE . BM: [ A%
B (magnetic solid-phase extraction, MSPE)AJ L #TE T it
Rt AT U HAESMIN®E S A E TR 5 T 500 25, i
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fEM:. MSPE MIRAERRIFMNE 2 R, HoE, TEREMIETR
I AREERT R, SR, BRI BT A W R R T A R R
10, P MRS TRE Sy 2 . FERBROKIS S, 2T ot
&Y BEMTI R, JFERA G LA T2 .

%@gﬂ TJ ﬁw@u & gﬁé
3 kel Rk
PR ) ' -
: ’\n’ E 1 F1 T —
ﬁ at\w AR ‘h fi Rt ’ /73@"\
# ki @ G

Bl 2 Rk BRI R R

Fig.2 Schematic procedure of magnetic solid-phase extraction
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PEFRME . DRI, — Bt 100 T A T SO A L ) e AL,
LU AR Atk W52 500 2 BT A% /S 25 A A R, BlE et SR
T 7] B IR AR SR A BT R B R/ sl e o, e &
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HORARE, X FigES 4 FigErkmRi A, Ry
132 A 2i ¥ A MBI s b 30 R ik F 1, 446
HPLC-MS/MS X ik 88 5 24 {1 [T 5 hy 72%~120%, £ i FiR
9 0.015~0.3 pg/kg. {E{#EF MSPE J5 ik AR AES RIS
DSPE %L, (HURREM: G R RE R TR 25 5 TRAE 1y
PEFN A 22 1Y AR AR A AT o S — 2 e, R
B ) AT T il — 2P A

3.4 BREUR

i FF DSPE BYRR A EHE IR K (carbon nanotubes,
CNTs)® | iE Ik (activated carbon, AC)P3), 17 #2447 (graphene,

GP)Y I S Ak A1 58 M5 (graphene oxide, GO) ™7, BT RHEA)
PER), SO AGE Y Z M BRI n-n HHAH B,
ST FH T Bh e v 2R A . SR, X SRR
BRI BB Rk 22 (R A5 (A A i e AT T K i
B0 SRy TG AR, FE bR AR A AR
YR EibaSE, fefaa) 2Ol E ReE (2R
-COOH), MTHAT HAF ok . Ak, XFctn] LA
SREA TR AP RRE ) o Ak SRR TRk T L
BE— RS EA AR, 18 2RI RURAS

T AR — S SR B T A R AS I Sl 0 i R A
YIREIBIE R 4. SHBERAUKE AR, ZREMRIKE
AT BE AL A PRBE TR ANOKR B B RO HES, BRI 2 )26 8800 B G
B UEIR . XD EE AL (LRI T AT A W M RE . A
BEFERE b 22 BE Rk 94 K 8 8 IO R 1 R (i L ) ik
F, XU 28058 1k $0:& il Fe;0--MWCNT, 4R 5 LU
Fe;0,-MWCNT >y 0 [} 551 38 3 2t iF ) QUEChERS J7 i Ab 3
FEdL, 454 UPLC XSEPHEL RFREMZRILT
K, 25 R FT A 29 IR ERAE 60.5%~114.6% 2 1],
FE R FRTE 0.1~17.3 pg/kg Z I8l 7E 7 — Wit siHh, $uEHot
& (thermal lens spectrometry, TLS)#{IEBH & — Rt HARUR
B E) 42 43 6 EE T, B A T s TR R WAL ™ A= g At )
o TLS WP A s SRR B . B/ RRE S K 550k
SEEEEAMEL, HATHETER S ANERE . KAZEMI S50
BT — R AP D REAR 1 AL A1 BRI R ORABUREL, SE 2L
HE ARG U i AR . SRR AL BE, JFEE &
TLS X4 ft o (A T P vz e A A AN o 120 Tk I 2 Bh ST Rl
1E 1~800 pg/L Z Jil, # PR 0.3 pg/Lo 7 150 pg/L AR
SRS I b, B g 1 I £ PN AR TR e A o4 Bl 22 43 1)
h31%H 5.4%. 5 b, LEFTA IR R, ZRERRYK
B A BRI S A A A S A A M B,
CATHEA LS A — A RV T — A S A A

3.5 ERANIERKEY

4 JE A WIHELEL A Y (metal-organic frameworks, MOFs)
E—AAl A TR, © R ICHL gk i H T (secondary
building unit, SBU)FIA HLHC {43 1 e {37 20 A 1M A% . MOF's
BARIRER ., LS. B fLEEH ] fLE
YRR . mARRE Y. BT AR EE RS T
A5 4505, #E DSPE RN F 5 A AR A 711 MOFs
FIFLBRIAEE . FLARR/INAIFLBRSERE . AR RIS & A S A7
TEG L . 4 Jd P I R A HLEC IR 25 4 %3 HAE DSPE ik
J AR R A TR KB . MOFs AT L 3 A 1 (n-n
YER 1. SR . K6 KR ) 2 A B IR ke ik
BRI H AR T o MIL-101, MIL-53 & UIO-66 % MOFs
MRS T6 R, HEXIEE, & DSPE Ry Mk

AR —L ] MOFs R Jhy 0 [ 70 i 21 4 5k
B PA EY RO RS S iR, ik — g
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BT WANG 25000 MIL-101(Cr)fl GO 18 3 s 71
A% MIL-101(Cr)@GO. MIL-101(Cr) B A & R fLE &
£(12 nm. 16 nm)AINFLFLAE(2.9 nm, 3.4 nm)., & KALL
TN BU2218 m¥/g) K b deoe v AE R e v, N
PR H & T A AN F I . WANG 20001
Tl AE O X0 i A E AT AR PR, SRS SR F DSPE fij &b P
AR [MIL-101(Cr)@GO N W& B #1 81\25 5 HPLC-MS/MS
G0 RS Sl PA) PR R I L R A | G 2RI B T T e S
25, TR IR 88.9%~102.3%, # HY R AT &
0.00008~0.00102 pg/kg. % b, MOFs BE A7 JoHLAT KGRI
P, XA HURNAZE, T8 o2 4 8 rhos A LR A
B4 IE AT LA 25 S RO TR A HUHEZR A RL, BT RAY R
TR o8 15 LA A 03 ATk A 25 1 KA I R A

4 BeEARE

AR, WA E RIAKERE R, AR ENT
SR T B i - AR Sy SR R R, TR S
SO BN REFER TSR, S TAEH 2T e
T R QAT R R R . SRR AU
AN DT s . 5ESEH) LLE ., SPE %575 Al 1L, DSPE 6
BEAEREPRYE . RN . ZUr RSty R
R ERl, DSPE & fh . A7 . IR AIK B85 4
BT E W AN 5 T B 2458 T2 . {H DSPE ik
H)— AL Z A AR, TE WL . WA S
B, FERTRES . DRI, KA RIER A sk IR T4
VRS AR A % T 1) 22— o 4 MASTRIANNI 50112
# DPX ZEHBUK 4S5 Hamilton Microlab® NIMBUS96®4:
ST GAS G RIE RS 10 B -5 EIRE 2 REsh
F, ANAECRERF i AT AL FE 1) S5 33 43 T P A B [ P 45
% 3 h, [AIEHAIZE S E, LR (IR R T 85%, K
HFRAKTF 0.7 ng/g). DSPE ikl di =z — RACHESL B 2L
BUObE R BT A, TG 9 AR F B 5 AT L5 Ao —
H. RS FIRREG YN EA RS S
YUK T B SRR, BE AT LSS T A AR &4 iy
WM, XA TaE, NS ARM RS M, &
SRYKATRE DSPE J I ARG W 1, (R R By ot
B4 5 B P B k1 N S AN PR v R A7 0 T 5 1t 75
R, HH&TEEERN . EPHEARN . LEN.
AL A N BEM B L BE AL 9 K BRI S R — 2 RS A
B [, GRARS T BR300 ik B U RE b
T EAR R — L3R, RIS AT PR . S A
it B8R 1 JT0) 4 5 | N BB 2 A DA — i) 1) D

5 ZERIE

&2, DSPE QS 7 A sy I £ il i 25 5% B 1Y
— Bl HI R BRE A RTAL BT 1% o 5 At A AR EE, DSPE A

e AN (5 N =y o 7 W O i R N i 1 B = 2 <)
BEFERT LR 2 5200 DSPE BPERE, T 55 3 4 9 oK Uk A
MOFs &5+ 8 1 E J& T 4 s 76 32 & Jr & e B 1 An
RIGUE W E G S, B HAEZR LS 1 (covalent
organic frameworks, COFs)+&—ZS T 1 X4 I BUAT B, &
JEHPEITRB. C. N, O 1 Si)ili i sm It I AL — 4k
B =LA 2R L SRR R A R LA R AR R 4
. R ATENSLR MR Tgett. 5
MOFs # [t, COFs HA—Smdrafis: (DFaEPE: COFs
A e A, BT E PEE % LT MOFs.
MOFs 114 J - B /AR5 P B8 7E T 20 454 (A TR 1 ik
HEIRBEH)AEEE, 1M COFs NI BEHLHIIX 2L 451, )M
4 COFs 14 k.2 Ny B S5 AT LA 3 ook s 2 LA A S o)
%, SO RAT REE T RE R MR BE T T REME . B,
A LATE i e LA R AL T RE I A HLEBR TR PR %% COFs
LR . 3) B LR 4J8 COFs Al LI
i MOFs 1 COFs [J@ M, i1 JF il i) 42 & A s Flsis A fi
A B RO PR . A BRI T — 2P BB 1)
WU FA BB COFs AR I LA Sy i 2550082 750 1
T DSPE,
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