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Application progress of mass spectrometry imaging technology in visual
detection of pesticide residues in food

ZHOU Xiao-Bo®

(Taian Institute for Food and Drug Control, Taian 271000, China)

ABSTRACT: Pesticide application is one of the effective measures to prevent crop diseases and insect pests in
agricultural production. However, large-scale use of pesticides also brings food pesticide residues, which brings
safety risks to human health. It is of great significance for food safety to clarify the spatial distribution and metabolic
transfer pathway of pesticides in food. Traditional detection and analysis methods can only perform qualitative and
quantitative analysis of pesticides, unable to directly observe their distribution in food. The emergence of mass
spectrometry imaging technology has enabled visual analysis of pesticide residues in food, with advantages such as
high sensitivity, high spatial resolution and ease of operation. It has become an important analytical tool for pesticide

residue detection. This paper summarized the research progress of mass spectrometry imaging technology for
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pesticide residue detection in food over the past 5 years, both domestically and internationally. It focused on outlining

the principles, characteristics and differences between various types of mass spectrometry imaging techniques.

Additionally, it reviewed the application studies of mass spectrometry imaging technology in detecting pesticide

residues in food (including different sources of food and different types of pesticides), finally analyzed the

deficiencies and challenges of mass spectrometry imaging technology in pesticide residue detection, and proposed the

future prospects. This paper aims to provide a reference for the research and innovation development of mass

spectrometry imaging technology in pesticide residue detection.

KEY WORDS: mass spectrometry imaging technology; pesticide residue detection; visualization
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124 A 1k, MSTEARTER Z AR 2z i, Herp 3
B3 PR AR S DO I R S AU (matrix
assisted laser desorption ionization-mass spectrometry imaging,
MALDI-MSD)ZA | fift W FL 5§ 25 F 2 S50 3% A 14 (desorption
electrospray ionization-mass spectrometry imaging, DESI-MSI)
F AR K F % /% (secondary ion mass spectrometry

imaging, SIMS)Hi R, 3 1 045545 171X 3 F MSIH ARAH
BN BN PERMRAHESESHNES.
1.2.1 MALDI-MSI # K

MALDI-MSI A& H i i 8] 1 MSLEAR . 7
FETRAL PR, T5SeX U — R s 5w, R
YI i 50T I L4 b iR, 55 8 b OB IR 49 SR A
G F BB AR IEUE A BRI BT, XIANG 2R A
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FHAE T AR S U R IR T B TR, R R B A% I B
FIHOEEE B B MALDI K47 ] B3 (355 nm, 1000 Hz, 3
e 20%) %) AT R 25 18] 4 BRI MALDI {4 (48
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Table 1 Comparison of the advantages, disadvantages and parameter differences of the 3 kinds of MSI technology

FAm Bk 23 [ 43 R R AL PR AR SO0

MALDI-MSI & BIIEFOGAMET R R 10~100 pm i (fmol %) LY R I RE RO TEEOR. 28 [10-12]
T R Bk TR, AT 4R

SIMS  BTAEIIR A 1ot00nm ORI A ’12] ;@ﬂ* AT ML IR [13415]

DESI-MSI P 55 FL 25 50~200 pm Fpmol %)  TEFI, SUKEIEARFEA  /NVFTF(<1000 Da)  [16-17]

[ 43382 20 pm). ARSI T AR F R _—(2-2. %%
T 5L ME[di(2-ethylhexyl) phthalate, DEHP]ZERH 2 I 2H 411
JRAA . ATARAL T DEHP 7EWA% b2, BIER. e
ARJFTHB T U2 A A ST i3k AN ] 20 21 e 1 25 S 43
HHEE R TS N g8 bR A5 b i .
ZHANG 5210 T B HT AR A 2 % 2 e 1y S i s, (8
BEWEFEHL L Y) AR (optimum  cutting temperature, OCT)
AR AR VR R A B, PRSI o~ k-4 IR
2 (a-cyano-4hydroxycinnamic acid, CHCA) 3t i J5, 7
MALDI-MSI HARBIIIEL S8 B2 2 N-if Szl
T B 2 AR PR ) 43 AT A B T 1, LG s (B o R
30 pme KIFFIE/R T NSRRI L IR R 2 e 1y s
VR A T AR S e 2 Uh (R R s DL R BB 22 5
XA AL A AT I T MR SR 20 B 1 fa 5 S
S IE R R BRSO ORI R 4R 4 T 48

MALDI-MSI # AR H A & R (TR fmol K i
) B ES 143 R (10~50 pm) A A>T 325 Pk 2 i 18,
% T DESI-MSI Fl SIMS $ AR Hgdb 3/ & W18
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gy, SETRAEAE B T ARG Y L BRSOk
TR R SO RE S0 R 4 AR A I RE SRR A KU L
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2-MBT)PYH1 9-58 ZENY I5E (9-aminoacridine, 9-AA)PH45, 4N
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A FH R SEHE T O MST A AR, [RIRE o T 5L 5 %)
K ZS g T4, W KUWATA 252048 1 T 0 5L o
fiF W / B8, B 5 ¥ (desorption ionization using through-hole
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B BRI AT HERESY . DIUTHAME 8 1 v iy L 48 Ak
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K, A F I B e R B AL Ak, B R A LR
K2 ATTTH 25O it FELA A A 1 A Btk ) 75l DESIT
U8, HEA AT AR 31 TSRS b R R S
ffi FH 80:20 (V: 1) FH /K N 0.1% H R A B384 700 54 B LA
0.5 KV BIBEZEHLAL, 7E 0 2 1200 1Y m/z JEFEN LA 2-D 1E5
TR, RERNERZS R FERAE 100 pm. 5545
3R, DESI-MSI 7 A S P 771 1 127 158 DA 1 551 it FH 21 -
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DU, WL 3 T % T R A A SRS 4 S B ) 2 A R
WANG 25T DESI-MSI, #3444 DESI 1 Xevo
G2-XS QTOF JR1E{YAE 50-1500 m/z BT RIEE N, RAM
B R ORI I B 0o %t NS i 4 FIBR T AR, 3k
BT RS HEER 200 pm BIEHR . ZSEBSE T X AS
MR P 230 B 2 Fh A A IR R A nT Ak 28, JF7E A
SR ZE AP B i o BTN S BUR IR- A S R %
WRA YT THRAEWEES FEASRTHHE, XHH
T A A

DESI-MSI # AR R, &b THMELE, EH
TR DA/ F- (AR 25 R IR ARG S5 56 )k 325 RFE 2 ) 43
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F AR 23 6] 43 R A AIG B 1], K i B 5T S 5 AR )
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DESI-MSI B ARTER N7 0 ARSI . 40 SANCHEZ %000
FH AN K W8 55 fife W HL 5 257 FL 85 0 335 38 £4% (nanospray-desorption
electrospray ionization mass spectrometry imaging, nano-DESI
MSDFE AL G MST HA LIS 25 [0 439K o B 22 il 4ok
DESI EERET #4150 pm ODx50 pum ID F#AFR 4 B 40
BB BT, 76 0B TR XY R R E E
WABLAR, BB T 2N SHERAN 10 pm HWEHR. 255
2 W], nano-DESI MSI + A REI#8 i 2] /s BRAK PR 3 B 1Y
A S5 PRHT R 25 WSS TR B LA 78 /N BRUFFIIE T 21 21
HIT A A ) A4, FHARAR T AN E 5 . Ib4h, BAO
SEPUIF & T 8 T R & 250 2 S Ml Bl Fh st 55 e

(plasma-excited nebulizer gas-assisted electrospray ionization,

PENG-ESI A LA 38 4 558 v I 25 i, 1 1 IR A A 254
I 52 B REAR AR Tl R, FE 7y ok 2 3 o W R s G BB T WL rry 7k
HLA5 B0 TR 5 | LI 55 25 AL SOV TE, (R ORI X ek
ARG E, BERE TR R, &
PEARAE T X SN I 2 BRI T BRAA E) 100 pg/g, HA R
UFIIZEERIURS 355 . NGUYEN 2513200 14 ks [ f it o
BATVOE, BT T 4B g K 25 G r I 55 S R R
(lithium-doped nanospray desorption electrospray ionization,
Li-nano-DESI). i1 4% i it = itk 3 A (R AR it 4 MR i 7e
TE B AT Y L B AR B N 2 MR 2 24 B T R . 45
SRRY, HPLESNE] ESI BRIy, a] PR —28 1k
SRR TR . M RR BT R AR A ) I 05 5 s TR
10~1000 f% 1 BIFESL I AT L& B, Li-nano-DESI fE5 2
1T Hb T ARAL T 81 IR Z (prostaglandin, PG4 ¥4 iR i
R FINR BT, I H AT LLIX A3 FE AL 4548 5 BEARRLY. PG
SR PGD, Hil PGEy AR B A ] T MSI B 42 il
EZSl I An i
1.2.3  SIMS-MSI # K

SIMS-MSI $i AR F 22 1 = A 7 A AT, Au™”
o B U R L, T 2y R (B

TUORE TR N I BT S AT 2 AT A M
SIMS 7EHL Bl R, H T DURE il 2 T80 W08 55 R v, 5 119 40
B, I HAERBER T RESL T FRARERSDY,
ICAERT R A3 A R A2 B BRG], 2258 AR/ Ny
T R8T R /NKZEBS) ) PASTERSKI Z5P00R F 64T B i) —
KB F g B R (time-of-flight-secondary ion mass
spectrometry, TOF-SIMS)A8: il Jk S AL A o ig 51 A Wb i
(23 )50 A1, TE & EEARAAEAS D, il il TOF-SIMS FIARMK
FVAG S1) 8E vh AEA X U B A bR s . YU 25T
FIFH TOF-SIMS iR, 7 10 mbar B FLASIE T, i
25 keV Bk Bs(Bi* YWIZ s FH (kLI 0.54 pA, FEM
210 kHz)%t 500 pmx500 um FE7/KFEF 200 pm>200 pm
M2 oAb S A TR o SEBL T 0 LS AR 2R Hh g 4 o
FEM) I RN 22 5 e FE W) )T (per-and  polyfluoroalkyl substances,
PFAS) 43 BB Al ALK IR B . [RISE, PFAS = i o i
ULk A W4 52 (perfluoropentanoic acid, PFPeA)FI4: 35
S B il B2 (perfluorooctanesulfonic acid, PFOS)HY 44 H FR 43
k%] 28.0 mg/L F1 5.6 mg/L.

SIMS Fi AL G T (7 FFE X ) RE AT, HE
AN s () 39838, AT DUE /S 9K RO Z5 1 o B
R 2, SRS TR I DRI A, A A R v v B ki o
Fr AP O TR LU 2% (W ), SHISHIDO 25042
TR R IR (2 35 3k R AT AR R ) B o X 48 s i i 71
Terill AR (IRIFTY o WFFE R B S X 5 Sk R AT A R 43 1)
PE R 3 5T, WEAR 9 S 7 R 0 Gl e R bR B e e T
10~150 f%H1 400~1000 15 X —AIF5E W 7 4R IR 1 592
SEHTR SIMS TEAG I A R Ry TH A ROCEE BT, AR T
VIR 22 0 B 5T LI A 1 RO . X — 45 Xl
& SIMS A R B H T L
1.2.4 #A MSI &K

BE A IR & R AR I HE D, sk 2 5 AL Y MST
BORPGBE AR . X SRR T F HA S i R 2]
G5 RS FORG I 5  F 4

WANG 255 51—l 0 (0 06 e Wi 37 o335 A
{% (laser desorption postionization mass spectrometry imaging,
LDPI-MSDH AR LASE BT S 85 b 22 rh 27 R 4% B (] 41
ARG o 325 1% 2 R PR P SRR [ 8 O T (F MR RO G A R F,
SO RO R B i A i W R R 5, — T, LDPI-MSI P fef
JH ) H B IO G 28 2 H 2S 22 4 (vacuum ultraviolet, VUV)ifOE
i, HA OG- FRE R SCH B AR LA, TE L
PR WAl SERRERR R SR v . 0 — T, AHLE TR SR
O ) MALDI-MSI, %4 Ak 7 FE i i i b B
AL R, B T B TRk, I BN+ G
WRESCBURSBAAIN, FRAT T 2 M4 BEE 70 um 19 i
BUR o X IR AR Y S IUAT LAy — 2 Bk 45 A 9y 5510 1
AR LS B . ZHAO 45 VORI F A0 B rb 8 T LA

(air flow-assisted ionization mass spectrometry imaging,
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AFAI-MSDE; AP E T 15 50 R A PR i 4
TS, -5 RSB EX Y AFAT 25 IR Tl &, FIH
25 AN B 25 SE N B, RS AE 17 U (70~1000
Da JEENXT R TYI R 5 T R A T . bR ToReE 1
REPREESL . RS . AR SR, AR TR
O %) R s R A, R AR T LA B RV 1. BRI ISR,
ZHAO ZMIR k& M T & & ¥k (Fe;0,@hexagonal
boron nitride nanosheets, Fe;O,@BN)/E J JCHLHE 5 B T2 1
4 Bh f5% W/ HL B8 1 (surface-assisted  desorption/ionization
mass spectrometry, SALDI-MS), SZEX} /KA MLIE H Y
B G BRI TR . A Fe;0,@BN 3T HAT

S i PO A /P, B R8RS AT e A A 2 ) £ e L i,

FEG 2 [0 35 100 pmo K25 R K Fe;0,@BN
S PRMEAE Ry JCALIE T FH S B s ml LASR L0 75
B AR AN R AT AOAG H R . i R B H R S L 58 MST
AR T AEEFORE WEE L K R A% 25 5% B8 O 1 BOAGI 4R AL T

DL E#FgE e, AR MST HARLEZS A3 B | R
V3 FFVRE S TR R A AR B AG & Ak b ELA ) 25 S RN A%
AR, B MSTHA A (] th 5 52 i TR DU A9 38 FH
A SERFERN S RS S MSTEAR, afLik
KL R R AT, 507 i Wp B B o 24 3% B A
TAERFITFE

2 FUERGRAERRRAKERVPHINA

Wi MSI HARM H 254, ZHR OB+
PRI R B i 2 A PPARH S 2 SR ) AR T
MSI FARNE Ry 70528 [0 A AT BIRZ O 3 5 05, T4
AL S AR 25 5% R ARSI U R B R A
2.1 AERMKIFERHREGTZERN

RATERYIRIEE S (ACR | B3R . BYHFIT-55)
b ity AR A AR R LR 2 gl i
i a3 B W 24 g 30 o 3 1T F L IR AR b A A AR
R AR s U R, BRI R R R A5 F 2
S 2 S ECRAGTEIL N IR RS B A A . HLAh, K2y
TE B AN A A b 2 AR 7 A5 21 i A G = oty
FEZE L WX S PP IRTE L b (AN AE), W = 20 3 3R K
R BRI ARZ R SR AR A R AR 25

A AR A7 A 2 NS A B R 2 xR, IRy
SN VUL ARG B ARAGHI L v 4 24 5 B LA DR £ i 22
4o MSIERSEHL T B dh HR AR B AR 245 14 23 8] 23 A A Al g
Ty AT AL o34, BEXTARZS e SR M bl P 22 R
ATTEFEA TR MST AR, AT LR PR AGHIN 25 R A 1 1 el
FEME.

B A AR B L, AT AL A A AT . B
AR AE i A A AL AU (9 70 A1 18 DUAT B T IE 8 Tt K 114

WU ARG, W JIANG USR] AFAL-MSI
K, LA Thermo VUM AT - LA HIIE Bk i o3 e o 14 3L%E
¥ AFAT SR, DA 2002 0S50 Bl e 0 25 S 34 W H, 1,
JBTEAAE TF £ 85 TR T (50~750 m/z T )BT &
VIR AT UG AT . IZSEE R ] AFAI-MST FAR i TR
AT PR AR YR PR A AR T R I AR IR AR, DT
FE T PIWAEFAE PO ME A 25 70 01 5 i 22 VARG . RS,
JIANG Z:USI[E] B F1) Fil AFAL-MST £ AR AT AL A5 T 81 5
TR i 24 s e TR fe A6 R BRI T 93 A 155 00 LA B AE. 2%k R L
PR RER 30 min FITEAKMYE 3 min J5 X " H I LR
Mo BRI, BRIR S AN RIE VS LU T K v B AT R
R AAIRTT SR AR 2 R B, T PN A 2 e B A7 Ak F A v K
- AHRR IS S EELE R E R . YANG M
AL T —FE kS B9 MALDI-TOF-MSI B A . DL a-
&L -4- ¥% 3L A B BR (e-cyano-4-hydroxycinnamic  acid,
CHCAMWE N meAE 30T, /N it v sk s B3 2 3 5
YR b, WICR M ERA R, AN R RN E AR,
R B3 T MALDI-TOF-MSI 437 o [R]stii hn A [ v
FEIR BRI R 0/ N TR UR YD B L R RTER BRI MSI
3T, LABEGE/INZE i b 2R i 2 0 S N A Al o 2
R, % MSIH R GG Ge A 254600 rhFERT A AR 37 FR i,
SEBLT X /N I R H e 242 i R AR B 1 1 SR SR R = A
BERTAAL GRS T 28 ] 43 HE5 0 30 pm 138 o = IR )
SERMT, B AE TS T 0.6 ng/mm? FAG HIBR
KR F AT LA R A R v B SRR . AR RIALAE)
AP EATT BN . AT RS i)
Wi 25 2 AR B TOK R R RSB B NTRR A, A1
TR JF SR RA I TAR B S 4 . WANG 45 0F) T
MSI F ARSI [F] AR R A R SE X, FRERRL . Mk HL oAl
W BRI TR 4 R A 25 (i R AGHA TSR, DARSE N PE A
WA TE R BT IR A R R R A 25 R & A7
TR M, NRMARZEE 6 h 5l s B Mk HiT
Bt AL FENTB B, X5 JIANG el g gk
TR AIR] . b, BRI R IR S T AL A 1Y
i, RZGTH BRI LIMA 2058 13506 peth e
3% L B Bk i 14 (laser  ablation electrospray ionization mass
spectrometry imaging, LAESI-MSI)FIZ{ 2555 B, 24 i i (tissue
spray ionization mass spectrometry imaging, TSI-MSI)BiFfiF: AR
X SERFIF AR TP R 0 TS LA T o0 RiE 2,
A 245 b B S K SR TR Ab B R X BR AL D) A Ak B
LAESI-MSI 72 F 2L AMEOLTR S Q Exactive JRG 1Y
WFF-BIE BB A A, OB R OGRS, 9 H
AL TR 1 5 A0 4 K P I 55 U5 19 4l B T 4 e B 40 e
figk O A EEL 2 TSI-MST M M A TSI BT Q Exactive
TRA WO AT - IE BE BN, S BUET] bAoA e 5
S 46 235 SR W AR AL R (B 12 104 [BG 25 [a] 43 R 2
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200 wm)ESE T X SR HEA T YRR K T AREAIR A AR
R HEA R

PAFGE50E R T MST AR FE K SR A 24 5% B3 A
TSR KRR TT o MSTHEARAU R T A Gkl 5 vk Tk X
Iy AR PG R BE P  EL AR A B, RIS, AT DGR g N
PEAR e i P AR RS a4, X SR U TS A 2%
AR AR AT T S ULV AR A BT SOk R R B,
MST Hi AT sl I B i b A 24 55 B3 ARG 174 AF S 238 A1
X, IR AT LA R R WA S R AR 2k
PRI, A3 R MST AR B Sl A I S5l i) )32 1 o
22 EmPAERERARNZREBRN

XTI B IR B, AR50 Lo b A B Al
F L R A R A

Az R T 3R AT LA 0 A K R B R B HEE
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