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Application of magnetic nanomaterials in the sample pretreatment of food
hazardous substances analysis
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ABSTRACT: Due to people's continuous attention to food safety and their yearning for a healthy life at the present
stage, how to analyze the trace toxic and harmful substances in food quickly, accurately and highly sensitively
becomes one of the important problems that need to be solved by current analytical methods. As a key part of food
safety analysis, sample pretreatment directly affects the sensitivity, accuracy and reliability of analytical results. The
continuous development of synthesis technology endows magnetic nanomaterials with different functional properties
and makes it be widely used in sample pretreatment. Compared with the traditional pretreatment technologies, the
development of magnetic solid phase extraction greatly improves its application in the analyses of pesticide and
veterinary drug residues, mycotoxins, heavy metals and other food hazards. This paper summarized the

characteristics, synthesis and modification methods of magnetic nanomaterials, and their application in the
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pretreatment of food safety detection. It reviewed the recent progress in the treatment of food samples for hazards

determination.

KEY WORDS: magnetic nanomaterials; solid-phase extraction; food safety; sample pretreatment
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(dispersive liquid-liquid microextraction, DLLME)% 5 #:14,

HAT, ®ErE S AR A O B O RS20k . HE s
R.OEBE . B ARES IS A T W G D iy Ak 3 e A
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SR JORATTAINR, R FeCly 55 2-HREIRmE£E
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PEADIBHR S E BRI AL, Wi AR K
HIEAER . Jufsse ) BRI - (A EL A
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FUEREEDORAL TR . Li 250 3LUTIE A4S FesO4
BEPEDRKLT I T LB, SRJA DIAT AR IR ENE I S 1R
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A AL B (g-CaNg) S i = 1 35 (-CaN3) B 3-s- — R 3R
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PR HU A PG A A 25K ) J7 7% o Feriduni 20y 7 —Fl
VARG P S A7 A 075 Ry KRl 1 [ R 25 BU(SPE) 43 BIOB -G
ZEAHLE GATAE IR 1, FE T KRR S A JLFP R R A 245k
B ZERCE B, PS5 6 AR A RS- SO B TR T I
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BEE, RIFiE HPLC-UV HEAFRIN, %07 e iR
0.10~0.25 mg/kg, V¥ EKEER 73.4%~110.9%,

Z LA MU JE5E 2 MR I 20 A e AR B i
A FEAFRARE] TR L . Lin 507K 2,5- TR ERE
ZHER(DYFI 1,3,5- = (4-F EEAE) AR (To) R B 28 N-TH
L JAB MY FesO4 YKL TR, A BT W41 COF-DtTb
QUK BERE, HENL T —F i R KR A BLBE AR 2
(organophosphorus pesticides, OPPs)%% ¥ i) MSPE %4
LC-MS/MS [} o %7 kil R 4 0.002-0.063 ngrkg, &
HIEH 1.00 pg/ke, FICER 72.8%~111%. He Z8F|H
MIL-101(Cr) 57 HLE Z (8 i 5 FAH AR FF B 454 6e,
Pl Fe;0,-NH,@MIL-101(Cr)&E & FBHE B, 81t
e B R [ AH#E B (microwave assisted magnetic solid phase
extraction, MAE-MSPE) %% & S A {4, 1% - i, 1 3 48 46 I 2%
(gas chromatography-electron capture detector, GC-ECD)illl
ET RS 8 P ALK 2.

A TFRAEVTEME, RO R T HA &
SYHEUPE | R PRI L T AR 5% MSPE Hi4b B, Du
GV AT —F 3 BNk E A MK
—NiFe,0,@PDA@Mg/Al-LDH, %4 B} 1 n-n ik FUR B
V& FA Y45 ML 25 (organophosphorus pesticide, OPPs)H.AG
ARSR AW B Ty, B LS T AR 280 OPPs 143
B4, HoRAIH) NPML-MSPE-HPLC-DAD ¥:7Efflh 4
PSS R, R BRI 0.06~0.13 pg/L.
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e, BT LLCE 5 b b R e [ A A R M 4 R ORE T
Wanjeri 2500 22 BE RN KA [ 72 72 R ME — AL RER M A
BT Fe;0,@Si0,-MWCNT HkE &41RL, 126k T @
MWCNT 3R K 5380 n- il R G0 5 A WL AR 245 19 05 75 38
s L R DR T SRR A X A R B e A, A
)R A R 4 5 A 0.004~0.150 pg/L Al 0.013—
0.499 pg/L. Zhang ZHH1 48 T Fe;0,@Si0,@KIT-6 1 4M
KAZAFORL, ik MSPE-HPLC B:Xf/KFEH I 4418 . &
TR . U A R FTIDE AR 4G R A T ARSI, A B 43 3] S
0.01x107, 0.006x107, 0.01x107 F1 0.005x10* mg/L.
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ATIRE AT B A pl ™ B f 5 o ARk, AN R i b
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Z . Liu W58 — 405 A BT BRAK A BETE 99 K bR
UKL T g b Rk AE R s- R 2 A%
FARYRTALEE, [T 454 LC-MS/MS LA, %7 ikAE
RS X s Bk A . FE ek o FE M eRER . BRI
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FIR B IA #) 1~5 pg/kg, RAETEER 1~200 pg/kg, bR
Bl Ky 77.1%~91.2%, Chen ZEUHEESy 1 DI/ 1B
0S5 WA Sy A 2 RO B R0, 5 v SO € 1S 0
AA e 3 R B SR B AT VA, B2 L A RME = A A
FR43 514 0.03, 0.08 1 0.06 ng/mL, F&BR/HH 0.11,
0.27. 0.21 ng/mL, MFREIMEH 69.1%~91.9%, FiFX
G RMENZEECRENBERE Y
(Fe;04@Si0,@PANI) A by 0 14 [ FH W B 771 ‘& 4 A W 0
4 FR AR IRBUAE R, [ 455 HPLC-MS #47
FE o ISR, 4 PRI A WA B 1.3~
8.2 ng/kg, LPEJLE R 10~1500 pg/L, fn#x [\ Z K
69.7%~99.6%. Song “EMLE X T AL % % (maduramicin,
MD) I 5 5 M B s BE LIRS M AE REBR R 1T, S T —Fib
JL T4 % 15 Bk (immunomagnetic beads, IMB)iF+1k i1 ] $
T A IO S 928 IR R S 9, P T ARG AS ] X 2 4 o 1
MD 3% . Z5RFEM, XSNLA . ERRFIARN . FFIE MD
B R R A S 72, 74 . 173 ngkg, [E ik & N
80.0%~115.8%.
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B R AERCH A FEhEY, NMEREAR
SUERFAE, JEXHEA . AR R g s e, B
MEMPE RSN ENAH S EA M ES R
(aflatoxins, AFT) . ## %57 & (ochratoxins, OT), kL& E
((fumonisin, FB). K 7F% MM (Zearalenone, ZEN/ZON)
P B 58055 55 4 U1 B s (deoxynivalenol, DON)&

UTAESR, 3 B0 5 2% Ak B R BT R AR 40 K b
BEATIEA BB A 2 . IRAUKRE A m R, =L
BRI, IF HXTZ AR R G R A &SR, GRF
TR n-n HEBUH EAER, T i [0 2 A TE 2 RERR A K
G W B RE LA T BB RR R A4 MWCNTSs il GO 1Y
B n-H R R S SO A TR R R A R,
MWCNTSs idi & #5211 GO W%l
R B 5 A A B BRI AR SRR A R 22 R
B MRS P A A L T 25 28 MR SR 00 1y T ) 5 L2 1

ek, EARY S PN TFAE A RGP 9Kk A Rk
WHTEETFZERAI ., Zhao PG M T W2 Si0, (L5
# Fe;0,@nSiO,@mSiO, #itE9 KK G+ 4L, il MSPE
454 UPLC-MS/MS J7 & B AP rh s AR A —Fh 5L
B#EEZE, o FB,.OTA F1 ZON f# i BR 4>k 0.21.0.08
1 1.03 pg/kg. Gonzalezsalamo 0PI 88 & M1 e Ay i ik
BHE T 5245 ) Fes0,@pDA REVEAUK AR, FELIM
5 MSPE WEFMHI, 454 LC-MS #r T —f4-1% 5w
ZEN JHACH =Pk ik, A MR 0 b B 5 R A
RS> F] 0.21~4.77 pg/L Fl 0.29~4.54 pg/kg, I
H 70%~120%.
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Table 1 Some applications of magnetic multi-walled carbon nanotubes nanomaterials in mycotoxin adsorption
and detection in recent years

Hiz WML AORE AR ik B R [EkER% R Z:7% 30k
OTA ., ZAN, AFB, QuEChERS-U 0.2~11.8
& 13 Fe;04,-MWCNTs PLC-MS/MS X5 ug/kg 70.3~100.0 2 MWCNTSs B, SRR [48]
TEA. DON V14 T T 2 2% LA SR 9 B 7,
’ ; 0.0021~ RLAE K R B e AR v
AFB,. T2%20  Fe;0,-MWCNTSs %ﬁgﬁﬁﬁj RY 54457 73.5-112.9 P [50]
FhEEER ne/kg
AFB,,OTA . ZEA MSPE-UHPLC MR Rk G, R
ZAN %5 13 FhELIE Pﬁﬁggm} -Q-Exactive 41 %?5018m4%4 PEZBER AR ETES RN T [51]
. ng/kg e
BER HRMS R A S,
% MNP-MWCNT i 71 %+ A
E\/_,Q [,
RNE“Mﬁﬁ MNP-MWENT- yiopp pooms ok 2933 916083 Beskalthng —Sfbrt2, BmH [52]
i nanoCi;Si0, pg/mL - :
R s S A e e
44 EFELE BVERT Co-Fes0,@SiO, REMEAK KL, KT MSPE 4%

HAJR R T AR S 255k B A B 5 RN
SEEmEE. B, &R EE SRS T
5 FhESEER. W, H. 8. . ESEELEYHEA
NKJEA G HERR, g DIRBRERESR T, IR H 5 AR &
BT (EFZ) S &, HE AR RIEA WA II6E, &
AT LA . R, o s e T X £t 42
A ARBE I K

AR 290 DK A Rk Sy S Atk ) e e 1 A 2 TR Ak B AR
W KR TR R A B I A R FIER B, EeJE ]
W e F-oEEER . SBREGIER. SEERMEE
VE 5 R AN KA LRI, e B A dek A1 SRR o 4 7 o 4
JRE B AR 2, Suo ZEPOL TGV S A A BRI
{378 — B AGTE RIS Fe,0,-GO@SiO, EMEA K & -S4k,
THEKEE YRR . B, 8. 8. f9. 4. RIBETER
AHZE B, % T R AE B AR R R DU BR AT GE 2,023
13.810 ng/L, [ H 83%~109%., Gu 2500k 77 Bl 161
TE Fe30,4-SiO, PR TR 1, & T Fe;04-Si0,-G
PEYURE AR R, IMEEF T X4E . 9. HTgEREt:
WRE, —MEREFIREHIRITE 0.076~0.922 ng/L.
Taghizadeh Z£0P7D) Fe?* Hil Fe** ) 2 MWCNT Jy JsURbi o 4t
DOIEILIAG T Wk Z BERR AR, TN 8-S EEmEmiEifi T
K, #5377 MSPE 454 FAAS a2k, yif% . LI3EmM
KRR AL 4 8 B 4 . BLRER IR I ik, 3 Rl EE 4 )
BRI AS I B 435313 3 0.09, 0.72. 1.0 ng/mL,

BR T Bk EAE AR AN, R 2R EM R T E
42 )& 1Y MSPE & % . Habila %4 1 T Fe;0,@Si0,@TiO,
W SEREPE K S A AL, Z0p ) T i el 3 1 A 0% 4 3
A C=0. Si-O-Si. Si-OH. TiO, il OH Z&)%H4 . 4F .
BB EATIRM, fERAETS, DR E SR BT
K BR 4351 AT 3% 0.066. 0.049. 0.041, 0.082 pg/L. Li %%

4 ICP-MS, i & pH HRIFT 251X Sb(II)AT Sb(V)
HEATE SR E, WIR 86 BRI BR 43518 0.001
1 0.004 pug/L. Zhou ZM5 1T Fe@Ag@DMB i M:44
KIAAMORE, TZOORL T 3 A 3R TE Y S AR g ] S K EE
HI4R . Y. REF A E AT E R, RAIBAEAGE
3 i ARESE R RO VR . FERERGT,
MSPE %54 HPLC AJ AR 35 % 3 A E 43 8 35 ARG 0 R
Al 3K 0.011~0.031 pg/L.
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TRARE S AT PO R, REPEOR AR R b 3R T
THAFE—SER R, MARKIED A0 E e, gk
PR G B R A R B2 2 BB, anful 5 s AR LR R E
PEF AR LU, BEEAR AR H AR
MEBLHIATI SR A TR OETE, PR R SR S8, DI
TEPEE HESR B SREAL R RRE AR, DA, 456 Bk 9 K AL
T A S TR BE s A HiT A BB AR ML R e H s
PRSI AULERE B AT AR BET7 T A 75 B RS, 1 HL
TEAS PRSI £ AR FNFRSE Al 5507 A BRI A e 25 1]
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