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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

1 3

Bl P ROR B AW & e, & e T Qe A I Jr vk
PR BE R B m, ABAEAE TR PR 2% . IS s
SRR, BRI S5 R B 22, BT DARE Y i A
PRAE B2 Ao I R R B T AR R BT RA O [ AR
ZEHUH R (solid phase extraction, SPE){FE —Fh a2 A FE &
B RS =T ZEM I o ZEAR SRR T
JOTE [#] 7 AR AN S AR 2 16 14 73T R 5 22 55, ok ] A
BOE SRR AR A P JBE EA T R, Pl VR A R, 3k ) 43 e
RPN H I Tk, BB IOKRE R,
ANETHEEI AR AT BN WBEL, B AW 3T 32 Gk
BHRA ERMARK, 5 T MRS AL, LA KRR A
750 149 4390 1851 AR 2E BUB; R (dispersive solid-phase extraction,
DSPE)IUAR T Pk i & T o

T 94 K kL F (magnetic nanoparticles, MNPs) AN
FEELP S At 07\ N S AN T T VR U N S S T
I FLAT R R AR A 2 g R . MINPs 4
4R BT (Fe . Co Fll Ni), 48 B 1L ¥ (Fe;0, Fl y-Fe,05)
A NR(MFe,04, M=Fe .Co .Mn Fl Ni 5)fl4: J8 & 4%, H
T Fe;O4 T HA WAL, 5 TE . Fag i Magtt
SO AR 2 Y R AN K P RLAE S T 4 R
BRI AT AT AL 20 2 AR A R, SR T4 B, 1 AT b
PREFE], 4R TR BT R R R . A
XFRENEDN A B0 . B B TT 1 AR B b & A A
TR AL B AR A R R AT TR, DA ARG R Y & SR R
2%,

2 MR RERLES RS

1996 4F, Towler 4P Fl b (AL RETED KR
A g AR B 550 s LSRR R 5 L gD . B,
[ AH#E B (magnetic solid phase extraction, MSPE)E i i HAE
FE AL B A AR, IR T AR A B (liquid
phase microextraction, LPME) . 4 0 & - ¥ 73 € B B R
(dispersive liquid-liquid microextraction, DLLME)% 5 #:141,

HAl, Bk AR RO G2 . BN
R.OEBE . BRSNS A T W ARG D iy Ak 3 e 4
BAER]. MSPE 5640 BIARZE B HL HA LU st O
PEGURMP R RO | St sesr, WMRCRS, Wit
TRy 8 5 4R A RO 38 3 1A HLVE Y

il

s (DT fe P 1 AH 26 JBURE: DA 10 38 6 i B 395 2 155 O 5
(@i 1 S 1l ) 7 A BRIV AT HE W FRPART A8S386 H ke, AR
IR @2 A 5 5 HARY A TR S e R b, i)
TR

3 HMMKRESMBNERSIZEN

ORI AR i T A P R AN R A R AN TR
PRI SHETRESE, TR EIAE AL S O . 4 Rk
PEARAA IR T i BT A D REALAE AR B 2 A o
LAY BETEARPIRAY B H A S N E A KR 1Y
BT INEAORB R IR . BEPE A KA1 & T 1
HPLREED . PR LR TR R Pk A
T, A pME R PRI AR 92— 5 R B A AR E
ROl Li SFUOUR AT HL A4l D 3 7 K v 0 L 2
SJHAG R Fes04 HOKMLT, XA 5 ik i o)™ | &
S A AT, KK FeCly 55 2-HIREIKmE£E
KB PR RIAT, Bhr o fif ke 1 RERPRAR A2 (4 [R]L
PSR IR A B, BT AN RORE AT AR 5 A
PRIEZRIE Dy BEIR AT IR A o O T R DR BB RN, ] fE R 2H
PS ISR IR RoR s i N Ly G DT R (S ROk
[l SE TR ARBERL, AT LR R 98 KR T8 2% 3 H A 2
ESZEE L LR i 7R SRS A A CRIIPS T e R I
T HCRE R P B [ o P 5 L ACAS ) S REJE AT, AT M8 T
PEADIBER S5 E BRI AL, Wi AR K
HIEAER . Jufsse ) BV RT . A - (AR EL A
JEBCOLVEFSE, @ TR B A B AR A o
31 REREN

S E(Au, Ag F)iE LG R R S Uis JsUR T
FUEREPEDORAL TR . Li U250 SLUTIE A H113 FesO4
BEPEDRKLT I T LB, SRJA DA AR IR L I S 1R
il Fe;Os@Au Fct kL. 4K Ehi 1 i T A Bdr f9 1
FRUETE, FERA e A MR, BTl Au
(Dt BRI ZM B 2 OGTE, .

32 B

AN 10,1, ALOs. TiOy )i Al eht
TSR AR R R o, IR A AWy Sio, i T
HAT BRI AR vk . AR A A e R Ak 1032 AR
FERHER, SI0, (283 TP RE R R ADR BT,
MTAE R L 2 B REH], S54RI IERE . SiO,
AL 2 A KO i 8 R O - BRI, AR



7348 0 A R 2 R 1%
Stéber ¥, MR A AUV AT M . AN, A TENIB RS Y

3.3 REMRHES

TR AT = LR | A2 Ae s PR A AR Pk
WA A, X ZSMORE R RS A R AL ROK IR A, BT A
KRR TS SRR 90 KA T R B SR R
H £ BE Bk 49 K & (multi-walled carbon nanotubes,
MWCNTs) . £ 2% (graphene, G). A1k 2% (graphene
oxide, GO)!"IFITE MR % . MWCNTs Fl GO HA #3115
Woar-BFIRR, 2B IL IR A G YA Bk i Wk 1 BE,
It HoA BRI 3R 1) 2 05 B R G ] 5 4 el
R -n A EAERIEATHM, B LOEAE SRR A B &
mi 2E AR Hh K R s Ry R
34 ZILBHBREMEHEN

ZALENVE IR ERTIARR . R iy . 4544
SiRe 2R . FLBRSR R S T R Z 2L
AHLBIEME EEZH S B ANERSEMEIER. &8
A HLE 2% (metal organic frameworks, MOFs)/&—25 1 4
SR MLECR S 4 B ok P e 3 o A7 4 2T A
A HL-CHLZ A RIS, H A, MOFs Hr2f i £ ks i 1
K1 K} (zeolitic imidazolate frameworks, ZIFs)HI3KE FLA5 /R &
Bk B} (metarial sofistitute Lavoisierframeworks, MILs)7E
PEAUR A B R A 2 . M A PLE 22 (covalent organic
frameworks, COFs)Z2H# It C. H. O. N, B %)
M R U — 2B 2L . S ARE . AR
o 1 B = R W 1 7 =TT S T i
A3k COFs 7EE Sh AT Ab B A58 T 132 M N, itk
A SRR T AR T MSPE RMREATREL, A5
A AL B (g-CaNg) S 1 = 35 (-C3N3) B 3-s- — W 3R
(-CeNDAL LA T BB -1 R 2450 . g-CN, BA L
RIEFRKR . HELr . EYHAET . STE. s
B, JFHEB TEHMPEARDY o R RN EAE
REP, T LA ZE i Ah BRI R0 7 1T LA B i L
3.5 AHlEsFHEME

A TREY DR EE AT YRR T s
R R, G E AR A A R A TE M R A M i A
T 5 R R W 0 RO A B L A AR e R

F TR A Y LB R E AR S G BRI LA B R

RIKE 35 43 7 55 0 B AR Bk 9 Kb 1 T R A T 3 4 R
Bo A TREY W N RIR 3 F RGBS 531 R
K, WHRMATER . R R g
I IR IR BRI . Li AP R R B
MEZ RN ARATE T REZ BN Fey0, BETESIK
K}, #5377 MSPE 454 HPLC X ¥REE o URhER AL &4
R i 1575 o AR AT B AL A Wil KRR mem

(molecularly imprinted polymers, MIPs)t &% F F1& it
PEDPKKL T B 7 JZ MR, g1 43 7 B3k 2R -5 W) (magnetic
molecularly imprinted polymers, MMIPs)H. A K 4t #E I
PEA S BE UM BB, o PR AR A 17 A BRI B A4 e
3.6 BN FIE

A WL/ TSN A REAE 20 K 25 B RERETE P45
A% 1 T B A LA B 0 2 AR s ) s R S VA AL
NIRRT AT M REVE AR S5 MR RS I AZ FIVE RE
JEP, WN-COOH, -NH,, -OH FI-SH 4, {1115 Hbr¥)
AR ELAE RO F A LN A4 SO IR L A
TR P70 e SRR R B 4%

4 WHHREAMHERRRERMATLEF
HI R A

AR, AR ST 2 MRME Ui A0 0 99 K B RHEE £ b
T Y 1 R B T A B v R R A Y, I R A AR
BT A 3R 5 v 2 A A A A I A A TR Y R R, IR
AT DL S AR A A S A TR, O LT B S AU
XRS5 Qe AT R . E TS SCh IRATTRE A3 0 e
PR B PRHEL S 2550 B | FLH B 3R P E 4 J& A o i
A3 N o
41 RHKE

PNTELMP AR T R P AT LR BIR T . R BRREFI
PR AE RSN, Bl TRAGAG MM, Rt
SFECES PR RE, K HREBEIRE NS EA
TR B A e sz 20 ™ 4% . HEn, FRE B
AT FEAAEET RN . GO AHLE LS AIBR d 54
[LiE

WIFTATR, BREAEHI MWCNTs fl GO HA#3 1Y
Bl -l IR R, X B BERR A 2 R I W B
JIT LA G 90 A B AE A 58 ) i Ak 3 v 473 e 3 E 1)
i, Ma 2PN CoFe,0,-NPs 1k A £ 1L A7 Sk (porous
graphitic carbon, PGC), K& M I CoFe,04/PGC LN
KAFAE, ZR AL AT LU i B K AR P AR R - A AH B A
W BHHUABR He B R4 2h, BN T MSPE 454 = 0 AH
{44 (high performance liquid chromatography, HPLC)X}
PR HL A R A A 25K I ) J7 7% o Feriduni 260 7 —Fl
VARG P S A7 A 07 Ry KRt 1 [ R 25 BU(SPE) 43 BIOB -
ZEAHLE G AT EN 1, FE T AR S A JLFP R R A 245k
BRI B, JFAS 6 AR - SO B T T I
6 I BRI E HEBR A3 34 1.0~6.0 pg/kg F1 3.5~20 pg/kg. Lei
ZEDOID) Al 2 LU A B T A 2 RERR KA, IR K LA
WL BRI AR S L A O SRS R TR AR 2 5k B W AT



5 20 3]

FLAEHE, 2% AR GARBERHE 2 i A5 T 4 A R i i Ack B8 v £ 1z 7349

BEE, SRIF i HPLC-UV HEAFRIN, %7 e fk bR
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Table 1 Some applications of magnetic multi-walled carbon nanotubes nanomaterials in mycotoxin adsorption
and detection in recent years
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Al 3K 0.011~0.031 pg/L.

5 B B2

UTAEA, LA MSPE J T A AT Ak BEE AR R i 1A
MBRCRRBUEZ, C &) 2 TR bl e &Pl Jr
TEARE ST R PO R, REPESOR AR b 3R T
TAFE—SER R, MARKIED A0 E e, gk
PR G B R A R B2 2 BB, anful 5 s AR LR R
PEF AR LU, BEE AR AR F AR Y
MEBLHIATI SR A TR OE TS, PR IR PR S, IO
EPEE SR B S RE AL RRE AR, DI, 456 Bk 98 KAk
Tk A S TR R A R A BEE R AR AR A K H bR
PEAN AR AL TERE 1AL B 5 T 2 A J5 AR ET S, 10 H
TE S PRSI £ AR FNERSE Al 507 A BRI A J 25 1]

SE 0

[1] TERE. BIRENE FesO4 5 G RPRHOBTE] K AL S A B 4 8 D).
2N 2R, 2018,
Wang CQ. Preparation and application of superparamagnetic Fe;O,
composite in food pretreatment [D]. Lanzhou: Lanzhou University, 2018.

[2] Di SY, Ning T, Yu J, et al. Recent advances and applications of magnetic
nanomaterials in environmental sample analysis [J]. Trends Anal Chem,
2020, 126: 115864.

[3] Towler PH, Smith JD, Dixon DR. Magnetic recovery of radium, lead and

polonium from seawater samples after preconcentration on a magnetic



5 20 3]

FLAEHE, 2% AR GARBERHE 2 i A5 T 4 A R i i Ack B8 v £ 1z

7351

[4]

[3]

(6]

(7]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

adsorbent of manganese dioxide coated magnetite [J]. Anal Chim Acta,
1996, 328(1): 53-59.

THG, IKOCH, K22 BEEARABSRERE SR AE TR AR B0 R
JEH[)]. 3K, 2020, 38(1): 14-21.

Ding QQ, Zhang WM, Zhang L. Advances in magnetic nanomaterials for
sample pretreat and future prospects [J]. Chin J Chromatogr, 2020, 38(1):
14-21.

Kerroum MAA, Essyed A, Iacovita C, et al. The effect of basic pH on the
elaboration of ZnFe,O4 nanoparticles by co—precipitation method:
Structural, magnetic and hyperthermia characterization [J]. ] Magn Magn
Mater, 2019, 478: 239-246.

Sabale S, Jadhav V, Mane-Gavade S, et al. Superparamagnetic
CoFe,04@Au with high specific absorption rate and intrinsic loss power
for magnetic fluid hyperthermia applications [J]. Acta Metall Sin, 2019,
32(6): 719-725.

Shao HP, Zhou YL, Qi JC, et al. Characterization of Fe;04/y—Fe,0;@SiO,
core—shell structure composite magnetic fluid by microemulsion method
[J]. J Supercond Nov Magn, 2019, 32: 247-252.

Wang J, Zhang Q, Shao X, et al. Properties of magnetic carbon
nanomaterials and application in removal organic dyes [J]. Chemosphere,
2018,207(9): 377-384.

Juang RS, Su CJ, Wu MC, et al. Fabrication of magnetic Fe;04
nanoparticles with unidirectional extension pattern by a facile and
eco—friendly microwave-assisted solvothermal method [J]. J Nanosci
Nanotechnol, 2019, 19(12): 7645-7653.

Li JY, Long XY, Sheng D, et al. Organic molecule-assisted synthesis of
Fe;O4/graphene  oxide nanocomposites for selective capture of
low—-abundance peptides and phosphopeptides [J]. Talanta, 2020, 208:
120437.

Bkeboe, 28R, O BSTHURRETERDEHIBIT S BUIR Bt F T 5[],
MR, 2014, 28(S2): 67-72.

Geng ZR, Li Y, Yan RJ. Research status and application prospects of
magnetic core—shell nanocomposites [J]. Mater Rev, 2014, 28(S2): 67-72.

Li DC, Zhang ZL, Zhang SL. Preparation and characterization of
Fe;04@Au nanoparticles used as precursor of ferrofluids [J]. Adv Mater
Res, 2010, 177: 415-417.

Mirzaei F, Mohammadi NM, Sepahvand H, et al. Magnetic solid—phase
extraction based on fluconazole—functionalized Fe;O4@SiO, nanoparticles
for the determination of cationic

spectrophotometric dyes in

environmental water samples [J]. J Iran Chem Soc, 2020, 17(7):
1591-1600.

R, KA, R, 5. DIRRALREEGURBRHERE AL B A 1L
JHUFFEHERELT]. @3, 2020, 38(1): 2-13.

Li F, Wu HC, Li YJ, et al. Progress in application of functionalized
magnetic nanomaterials for sample pretreatment [J]. Chin J Chromatogr,
2020, 38(1): 2-13.

Sun ML, Li P, Jin XX, et al. Heavy metal adsorption onto graphene oxide,
amino group on magnetic nanoadsorbents and application for detection of
Pb(1I) by strip sensor [J]. Food Agric Immunol, 2018, 29(1): 1053-1073.
Jiang HL, Li N, Cui L, et al. Recent application of magnetic solid phase
extraction for food safety analysis [J]. Trends Anal Chem, 2019, 120:
115632.

M R, 755 FEH A LR AR (il S i TAL B A ) T

[18]

[19]

[21]

[24]

[25]

[26]

[28]

[29]

[, a3, 2018, 36(11): 1075-1080.

Yang CX, Yan XP. Application of covalent-organic frameworks in
chromatography and sample pretreatment [J]. Chin J Chromatogr, 2018,
36(11): 1075-1080.

Wik, T &R HIEY ZIF-8@Fe;04 5 & Wit 4 K HT T
T R AE O K 943 TR A2 [7]. S iia441e, 2019, 38(5):
563-568.

Yang CX, Yan XP. Fabrication of a metal-organic frameworks
ZIF-8@Fe;04 composite and its magnetic solid phase extraction of
endocrine disrupting chemicals in water [J]. J Instrum Anal, 2019, 38(5):
563-568.

Chen YL, Chen ZL. COF-1-modified magnetic nanoparticles for highly
selective and efficient solid—phase microextraction of paclitaxel [J].
Talanta, 2017, 165: 188-193.

W, WK, SR, S5 A SR EARBRADRHERE S AL B A RS
HERE[D]. (43, 2020, 38(1): 28-35.

Han LZ, Yang YX, Zhang J, et al. Recent advances in graphitic carbon
nitride materials for sample pretreatment [J]. Chin J Chromatogr, 2020,
38(1): 28-35.

PRI EAE A7 SRAR AR S B MORHE T 24 AR 2455 B 347 vh B IR S
[D]. #Ml: FHINRA, 2019.

Chen SY. Application of magnetic graphene nanocomposites in analysis of
traditional Chinese medicine and pesticide residues [D]. Yangzhou:
Yangzhou University, 2019.

Safari J, Tavakoli M, Ghasemzadeh MA. A highly effective synthesis of
pyrimido[4,5-b]quinoline-tetraones using H;PW,,04/chitosan/NiCo,04
as a novel magnetic nanocomposite [J]. Polyhedron, 2020, 182:
UNSP114459.

Huang Z, Lee HK. Study and comparison of polydopamine and its derived
carbon decorated nanoparticles in the magnetic solid—phase extraction of
estrogens [J]. J Chromatogr A, 2015, 1414: 41-50.

Zhao Q, Lu Q, Feng YQ. Dispersive microextraction based on magnetic
polypyrrole nanowires for the fast determination of pesticide residues in
beverage and environmental water samples [J]. Anal Bioanal Chem, 2013,
405(14): 4765-4776.

Tolmacheva VV, Apyari VV, Furletov AA, et al. Facile synthesis of
magnetic hypercrosslinked polystyrene and its application in the magnetic
solid—phase extraction of sulfonamides from water and milk samples
before their HPLC determination [J]. Talanta, 2016, 152: 203-210.
Ramachandran A, Prasankumar T, Sivaprakash S, et al. Removal of
elevated level of chromium in groundwater by the fabricated PANI/Fe;04
nanocomposites [J]. Environ Sci Pollut Res, 2017, 24(8): 7490-7498.
Alinezhad H, Amiri A, Tarahomi M, et al. Magnetic solid—phase extraction
of non-steroidal anti-inflammatory drugs from environmental water
samples using polyamidoamine dendrimer functionalized with magnetite
nanoparticles as a sorbent [J]. Talanta, 2018, 183: 149-157.

Li JY, Long XY, Yin HX, et al. Magnetic solid—phase extraction based on
absorbent for the

a polydopamine coated Fe;O,4

of bisphenol A,

nanoparticles
determination tetrabromobisphenol A, 2, 4,
6-tribromophenol, and (S)-1, 1°’—bi—2-naphthol in environmental waters
by HPLC [J]. J Sep Sci, 2016, 39(13): 2562-2572.

Wik, LA, GISIR. BRI EEIUT T 3RS Qe a8 AR ATk
JE). A HRLESEIR, 2014, 30(5): 718-726.



7352

LR

G A A

81

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Yang J, Jiang HM, Lian HZ. New development of magnetic solid phase
extraction for separation and enrichment of environmental pollutants [J]. J
Anal Sci, 2014, 30(5): 718-726.

TATEE. R LA A e OO (L T £ i 222 A o 8 IR
[D]. i IPYmE A=, 2017,

Yu YW. Study on the application of magnetic solid phase extraction
coupled with high performance liquid chromatography for safety detection
[D]. Linfen: Shanxi Normal University, 2017.
Abdolmohammad-Zadeh H, Mohammad-Rezaei R, Salimi A.
Preconcentration of mercury(Il) using a magnetite@carbon/dithizone
nanocomposite, and its quantification by anodic stripping voltammetry [J].
Microchim Acta, 2020, 187(1): 1-8.

Bandforuzi SR, Hadjmohammadi MR. Modified magnetic chitosan
nanoparticles based on mixed hemimicelle of sodium dodecyl sulfate for
enhanced removal and trace determination of three organophosphorus
pesticides from natural waters [J]. Anal Chim Acta, 2019, 1078: 90—100.
Zhao P, Alvarez PJ, Li X, et al. Development of an analytical method for
pesticide residues in berries with dispersive solid phase extraction using
multiwalled carbon nanotubes and primary secondary amine sorbents [J].
Anal Methods, 2018, 10(7): 757-766.

Ma KX, Zhang MX, Miao SC, et al. Magnetic solid-phase extraction of
pyrethroid pesticides in environmental water samples with CoFe,Oy4
—embedded porous graphitic carbon nanocomposites [J]. J Sep Sci, 2018,
41(17): 3441-3448.

Feriduni B, Mohebbi A, Farajzadeh MA, et al. Magnetic graphene
oxide-based solid—phase extraction combined with dispersive
liquid-liquid microextraction for the simultaneous preconcentration of
four typical pesticide residues in fruit juice and pulp [J]. Food Anal
Methods, 2019, 12(12): 2742-2752.

Lei S, Li XH, Wang Y, et al. Synthesis of magnetic multiwall carbon
nanotubes for enantioseparation of three pesticide residues in fruits and
vegetables by chiral liquid chromatography [J]. Chirality, 2018, 30(12):
1321-1329.

Lin XP, Wang XQ, Wang J, et al. Facile synthesis of a core—shell
structured magnetic covalent organic framework for enrichment of
organophosphorus pesticides in fruits [J]. Anal Chim Acta, 2020, 1101:
65-73.

He X, Zhou YY, Yang W, et al. Microwave assisted magnetic solid phase
extraction using a novel amino—functionalized magnetic framework
composite of type Fe;0,—NH,@MIL-101(Cr) for the determination of
organochlorine pesticides in soil samples [J]. Talanta, 2018, 196: 572-578.
Du LY, Wang XD, Liu TT, et al. Magnetic solid—phase extraction of

organophosphorus pesticides from fruit juices using
NiFe,0,@polydopamine@Mg/Al-layered double hydroxides
nanocomposites as an adsorbent [J]. Microchem J, 2019, 150:

104128-104139.

Wanjeri VWO, Gbashi S, Ngila JC, et al. Chemical vapour deposition of
MWCNT on silica coated Fe;O4 and use of response surface methodology
for optimizing the extraction of organophosphorus pesticides from water
[J]. Int J Anal Chem, 2019, 2019(1): 1-16.

Zhang MX, Yang JH, Geng XX, et al. Magnetic adsorbent based on
mesoporous silica nanoparticles for magnetic solid phase extraction of

pyrethroid pesticides in water samples [J]. J Chromatogr A, 2019, 1598:

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

20-29.

Liu XX, Xie SY, Ni TT, et al. Magnetic solid—phase extraction based on
carbon nanotubes for the determination of polyether antibiotics and
s—triazine drug residues in animal food with LC-MS [J]. J Sep Sci, 2017,
40(11): 2416-2430.

Chen FF, Wang JY, Lu RC, et al. Fast and high—efficiency magnetic
surface imprinting based on microwave-accelerated reversible addition
fragmentation chain transfer polymerization for the selective extraction of
estrogen residues in milk [J]. J Chromatogr A, 2018, 1562: 19-26.

EER, FHIY, T, 55 ORI R AR A R - O
AR TE BT RN 2 A= R R S 2 I D). bk, 2019, 47(1):
119-128.

Wang ZL, Zhou YF, Meng Z, et al. Determination of trace sulfonamides
antibiotics in milk using polyaniline silicon magnetic composite selective
magnetic solid phase extraction combined with high performance liquid
chromatography—mass spectrometry [J]. Chin J Anal Chem, 2019, 47(1):
119-128.

Song MR, Xiao ZM, Xue YN, et al. Development of an indirect
competitive ELISA based on immunomagnetic beads’ clean—up for
detection of maduramicin in three chicken tissues [J].
Immunol, 2018, 29(1): 590-599.

Gonzalez—Jartin JM, Lisandra DCA, Alfons A, et al. Detoxification agents

Food Agric

based on magnetic nanostructured particles as a novel strategy for
mycotoxin mitigation in food [J]. Food Chem, 2019, 294: 60—-66.

Xu X, Xu XJ, Han M, et al. Development of a modified QuEChERS
method based on magnetic multiwalled carbon nanotubes for the
simultaneous determination of veterinary drugs, pesticides and mycotoxins
in eggs by UPLC-MS/MS [J]. Food Chem, 2019, 276: 419-426.
Pyrzynska K. Use of nanomaterials in sample preparation [J]. Trends Anal
Chem, 2013, 43: 100-108.

Reinholds I, Pugajeva I, Bogdanova E, et al. Recent applications of
carbonaceous nanosorbents for the analysis of mycotoxins in food by
liquid chromatography: A short review [J]. World Mycotoxin J, 2019,
12(1): 31-43.

Ma S, Wang M, You TY, et al. Using magnetic multiwalled carbon
nanotubes as modified QuEChERS adsorbent for simultaneous
determination of multiple mycotoxins in grains by UPLC-MS/MS [J]. J
Agric Food Chem, 2019, 67(28): 8035-8044.

Zhao Y, Yuan YC, Bai XL, et al. Multi-mycotoxins analysis in liquid milk
by UHPLC-Q-Exactive HRMS after magnetic solid—phase extraction
based on PEGylated multi-walled carbon nanotubes [J]. Food Chem, 2020,
305: 125429-125436.

Moreno V, Zougagh M, Rios A. Hybrid nanoparticles based on magnetic
multiwalled carbon nanotube-nano C,3SiO, composites for solid phase
extraction of mycotoxins prior to their determination by LC-MS [J].
Microchim Acta, 2016, 183(2): 871-880.

Zhao Y, Wan LH, Bai XL, et al. Quantification of mycotoxins in vegetable
oil by UPLC-MS/MS after magnetic solid phase extraction [J]. Food
Addit Contam Part A, 2017, 34(7): 1201-1210.

Gonzalezsalamo J, Socasrodriguez B, Hernandezborges J, et al. Core—shell
poly(dopamine) magnetic nanoparticles for the extraction of estrogenic

mycotoxins from milk and yogurt prior to LC-MS analysis [J]. Food
Chem, 2017: 362-368.



5 20 3]

FLAEHE, 2% AR GARBERHE 2 i A5 T 4 A R i i Ack B8 v £ 1z

7353

[55]

[56]

[57]

[58]

[59]

[60]

Suo LZ, Dong XY, Gao X, et al. Silica—coated magnetic graphene oxide
nanocomposite based magnetic solid phase extraction of trace amounts of
heavy metals in water samples prior to determination by inductively
coupled plasma mass spectrometry [J]. Microchem J, 2019, 149:
104039-104048.

Gu WX, Zhu XS. Graphene—grafted silica—coated Fe;O4 nanoparticles as a
magnetic solid—phase extraction material coupled with inductively coupled
plasma optical emission spectroscopy for the separation and analysis of
heavy metal ions [J]. Sep Sci Plus, 2018, 1(3): 209-216.

Taghizadeh M, Asgharinezhad AA, Samkhaniany N, et al. Solid phase
extraction of heavy metal ions based on a novel functionalized magnetic
multi-walled carbon nanotube composite with the aid of experimental
design methodology [J]. Microchim Acta, 2014, 181(5): 597-605.

Habila MA, Alothman ZA, El-Toni AM, et al. Synthesis and application
of Fe;04@SiO,@TiO, for photocatalytic decomposition of organic matrix
simultaneously with magnetic solid phase extraction of heavy metals prior
to ICP-MS analysis [J]. Talanta, 2016, 154: 539-547.

Li P, Chen YJ, Hu X, et al. Magnetic solid phase extraction for the
determination of trace antimony species in water by inductively coupled
plasma mass spectrometry [J]. Talanta, 2015, 134: 292-297.

Zhou Q, Lei M, Liu Y, et al. Simultaneous determination of cadmium, lead
and mercury ions at trace level by magnetic solid phase extraction with
to high performance

Fe@Ag@Dimercaptobenzene coupled liquid

chromatography [J]. Talanta, 2017, 175: 194-199.

XIGERL, WS, BRAAS, 55 BEMESRERP RN TR G 2 A H Y
FAR I AT R T]. B FH, 2017, 38(3): 284-291.

Liu XX, Xie SY, Chen DM, et al. A review of the applications of magnetic
functional materials for the detection of toxic and hazardous substances in

foods [7]. Food Sci, 2017, 38(3): 284-291.
(TE%RHE: K

{EZ & Ir

LTS

LER, BiLtHRE, TERARAE

= HERRESRE.
o) E-mail: 1287642957@qq.com

gk, BL, 8%, TEMRSEA
WESTUFE EBIHUE.

E-mail: hzlian@nju.edu.cn




