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Advances in Ambient Ionization Mass Spectrometry and Its Application in Food Detection
HE Zhi—qiao', HAN Yan—jun', JTA Jing—yi
(1. Binzhou Inspection and Testing Center, Binzhou 256600, Shandong , China ;2. China National Food Quality
and Safety Supervision and Inspection Center, Beijing 100094, China)

Abstract: Ambient ionization(Al) refers to a form of ionization in which ions are directly desorbed or ionized in
the atmospheric environment without or with little sample preparation, providing fast, real-time, in situ, non—de—
structive ,and high—throughput analysis, which has become a hot topic in the research on mass spectrometry in
recent years. Al technology has been widely used in the field of food detection. In this paper,we reviewed the
principles of Al technologies,such as desorption electrospray ionization( DESI ), extractive electrospray ionization
(EESI)(based on electrospray ionization, ESI ), as well as direct analysis in real time—mass spectrometry( DART—
MS ) and atmospheric solid analysis probe (ASAP) (based on atmospheric pressure chemical ionization, APCI).
Further, we reviewed their application in food detection and put forward the development prospects of this field.
Key words: ambient ionization( Al) ;food detection; mass spectrometry ; desorption electrospray ionization( DE -

SI) ; extractive electrospray ionization( EESI ) ; direct analysis in real time—mass spectrometry( DART-MS )
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ﬁﬁﬁaﬁ (mass spectrometry, MS) ﬁﬂ(u,ﬁ\:ﬁj\ﬁlﬁﬁ
PR SRPESR | RBUE S SRR R TR A U 2
AON T o TG AR PR R SO A 0 0 1 14
Joas b (m/z ) AT 58 DT T 53T o BEAS S5 B A R A
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BT, AR B 1 L 2 h Bis 15 22 53 S8 B B
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B R I, I 1886 4T Goldstein 3 et IR i
30 & PR IE HL o B T 5 1898 4F Wen & 3R 1E Ha, faf iz T
ARG P R A I 5 1910 AF AR % 2 A2 Thom-
son il EE — G FTHEAL ; £ 1920 4F Aston 51 A Jii”
ARIE BOE T BT R R AL . eI BT R R g
ST R KR 2 . 20 e, MBIl
(electron ionization, E1) A HLILE Y69 555 AT 244
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Has kb 1942 AR5 — B Ry ISR 1. 1966 4F
Munson F1 Field 76 E1 I 5EAE 7 rkcdE, $2 b fb2=
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EL P55 5 5 8 A R s AR 2 AL G o 1 85
o 20 42 60 AEACAN 70 AR, DUBAT B AR =
DURCHF 3 (AR Z IR . 1974 4F Horning 55 & W1 T K
S EAL L B i (atmospheric pressure chemical ioniza—
tion, APCI) . 1987 4, [H ik —25 A B T 5L il Bhifo'e

fEHTHLES YR (matrix assisted laser desorption ionization,

MALDI ); 1988 4F ,Fenn & 37 H1 65 55 B 55 I (electro—
spray ionization, ESI), ST AW R A TR RS T,

PR FAT 2002 4 DL/R AL A7 208 1051 g g 5
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PRI AT T RIS 9 07, 2 38 R At — 5 B A 451
SR, LG8 1 T BT H A 5 2 vy L5 S P B A
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2004 4F: Takats S5 EST 5K FERATF & 11 A Bt
A, 155 25 B8 14k (desorption electrospray ionization, DE-
SI), 1 2005 4 Cody Z&19ILL APCI Y5 S LAl BF & 11 5K
Bf B 4% AT T4k (direct analysis in real time—mass
spectrometry, DART), RISt IR AT BT TSN
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fb (DESI). HEME55 4 B0t #1100 25 11k (electrospray
laser desorption/ionization, ELDI) . H W 55 A% B8 71k
(extractive electrospray ionization, EESI)% ., K F APCI
P B AL RO, AL A B B (PT) VB 128 4
(ion evaporation, IE) A VN (plasma ) I B, = il H,
(corona ) S HLBS T LM LT A7 L T A% " A5
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R £ (ambient solid analysis probe , ASAP) A1~ Jiit BH. $%4
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TR 5 F VR i P g T S i IO RSP AT FRL B AU B T
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IR 3B BB B EAE LR, DO B AR
FhRE i RN o HL B, BOH B 7 A I
FHE] — XA 5T B . 55 R B
W/ B, AT B TR i W e A B
T A= BRF I A 0 25 1, A0 0 0 1 e A 0 o, 2 )
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il TR o L 05 55 2 11k desorption electrospray ion—
ization, DES)J& N FHE A 12 B H R b . B
M SCAFPURIFGE T EL M G5 iR I HL 5 O 1 A AT ORI
T SR SO I IR PR R, o A
fb A AR B, BN Y S BT ] 29 1 min, 462 11 FR A
0.01 pg/mm’~1.0 pg/mm?, 7KH7 L AF2ER ] DESI H2 A XS
B 2% T A R 0 35 2 e A 7 PR A, A 1 BR A
2.50 pg/mm?, B S SE 2T 2k TP el R FERE R 6
A PIBER 2537008, IR 1 9 FURER R A
MLBEAR 24 5% | 06 2 1 oA 28 oAb B, Joit ok vk 5 91
0.1 mg/L~1.0 mg/L, 3¢ REI R T 0.99, Jr k4 B
H5.0x107 g/em?~1.0x107 gfem?, B 5, 25558 J1 fif L
R FEL W 25 3T 5 e AR X 3 A JR T RELARL 1) 20 2% 45 K
13508 A3 3 & A A 2 M AT ERR i) BT 1Ak o+ B
[M+HJ U BTRE I, 2R ] FE 000303 B ds 31 = 4E 2 i
EILAIX 3 AN R LLAS A

i T O FEL WS 557 B - A B AR X B R A R T A T
ST RE TR RS TCRF IR ZR AT A i
AR ARSI AR 25 5% BE A ) o, A IO
A KBRS B T AT AR AL, R 1 IaghRgs T
TEED SR i 1

x1 REMBEBRESFUNA
Table 1 Application of desorption electrospray ionization (DESI)
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DESI-Bruker Daltonics Esquire6000

IE/ VA RARLLAS 2T DESI-Bruker Daltonics Esquire HCT (% /

0.01 pg/mm*>~ 10 pL [20]
1.00 pg/mm’

2.50 pg/mm? 1 pL [21]
BB AL

DESI-Bruker Daltonics Esquire HCT Fiji#{¥% 5.0x107° g/lem>~ 5 pL [22]

1.0x10°* g/fem®
200 pl.  [23]
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ST EAE T F4L (direct analysis in real time—
mass spectrometry , DART-MS ) J& F3F & [ $2 il 1 &
HLBSHOR , 755 TR TP RS T S DRk i R i, X
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F AR R R S R . AN, Liu 50

WFFE T HA T A 37 3 5 DART Bl pi . 555 H
SEPUR ) DART 454 DUB AT/ o 00 3 1 Bk v 0
O Ko Tl S X M v 1 i e 2K 2 W a0 A T R T A
S BT I RS AR A A P IS, Ak HE
R AT PP | M e v, A 0 e R U DR
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WA T IZ R o XV A P 6 F Az Py e i 52
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H 10 P y-S05E TR (DI BEMETR MR 5T )P, 254 45
K DART i, LB EE R it CGHUBUER 1 S U
) FRAEFREE X BB, FL ] b o (%) 9B A T PR T
o FAPREPUR F DART SR PUARAT A7 ) 53 Xof
THASFFIM B IEA T HGH 400

S EL A AT B AR B R T B A 4 3
(R FHAR ST 32, BERT T & a8 bR r R,
AT TP , S AT B e M v
5 QuEChERS Z5 i &b 3 7 345 6 v A 2008 = & i i
MIRCR, 32 2 A R4S T S8 BT s Fu e
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Table 2 Application of direct analysis in real time—mass spectrometry( DART )

£ A 45, BEdh Lax i) PN
hREE FLEIE SIS MR O\ SR AR B RS B2 RS K bR S B E R AP, [25,30-34]
m ) P IR CREORE I R EORRIRD) RO A V-BIET R BRSO RS
2 B (ISR ) A (RED) I8 IR4E
HWER A AU 254 WG E B AR M, T-2 5% HT-2 #H %, [25]
HEINARRER A
E|BERIILY| LA AT BRARORY  JCRR R R RN OUE N EIETR) TR YR ek BASERR [25]
P i A AIFED AEEL N IR T4
TG Y YORE FLEY HRAS BREE IR e A AN ALY IR PUAT L HUE S AR R . [25-27.29]
P i A P IERE  ZHT5H AR RIR A

33 AU ANE TAL

FHL 5% 25 2% U 1~ 1K (extractive electrospray ioniza—
tion, EESD) AJ MMl fAC A sl I A it , LA 55
JEIRS 52 52 2R HE i, FE UM A, R B AR B R S T
GrHT LR A

Zhu AFCUR FH ol i B Fi 5 25 AR R A H AR
AR N B R ) =R UM A T DRAGIN .
R R S5 AL R AL SO T EAB A PREEIT . Y
B A A LR IR p— T LR IR &5 8 o

ZWMEAE YT M IS E o TP A
FEEE BB ST 5 M P 7 MRECEEIR T A PLIR
7 FAHLAL S PREAT 73BT, DA 8 A 0 9 0 %
el n] 0L EEST 7R it SO ST i A% 1
YEH

LR S5 B EEST YRTE B 2 il . 5
PN HB AR P 2R RS A BB
G PERRICTRES ST, AR VA - HL 5
AU B H AR (neutral desorption—extractive electrospray
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ionizatin mass spectrometry , ND-EESI-MS ) , i F - #¢ 2
MR A R TOPR R R AR BRI G, LA
L B IR B, AN Th 1B AT S (1 M)
WK BH 7K 2995 F ND-EESI SS9 2 39 8 5 T, L
DX [N GPRIR TS S5 X 2 AR AS IR L I35 B 1
fk (internal extractive electrospray ionization,iEESI)Jg& %
FHAOSEB NS AR SN TIT i i B A
WO R 7 A TR B A ZE R e S e . I
TESP AL SR SIS B e S0 B i

AR E TR RIS, LA I PA) ] i 2 AR
COEfRAES U0 T s (AR 2 )P VA 5 TRIAS 200 o

FEL IS 5% 25 MRS 1 A B3 B AR 5 XA i R AT i R
BPAL BRASH T T B R BT AU AR Bl A i, T A 2
B AR A AR SIS T T8 A AN RS D 4501
L] AT AR A A SO TR A A
RAGUL R FE TR B, 5 A A OB A R
AR AU S, S REAFBI T 2 R RLHT, 35 3 B EE 1
20T EEST HOARTER abAG I P R o

®3 EEEERETHLHMA

Table 3 Application of extractive electrospray ionization (EESI)

1A 4T R ST E N BT E= BTN
BT B b2 B E EESI [37]
Eid JFILZEIR p—1 SR IMERR S 8 Fh Z M2k 54 EESI [38]
I M ABIR 7 FhEHERR 7 P HLER AN 7 FE HLAL S EESI .ND-EESI [39,45]
e Y b2 B E ND-EESI [46]
£1 AR =i d iEESI [47]
JhEAEE =iz diii iEESI [48]
ERTIES 2 B E iEESI [49]
e A YRINE R =REN EESI [36]
PRIl i SARRRE U T R RS iEESI [50-51]
e HER WUHE BEE Rk ND-EESI [40-44]

3.4 RAERBARE

KA E AL E (ambient solid analysis probe,
ASAP) J2fiE5 2 B b Ak BT AU T 1 B 1 AR X
7, HARH AR o, A TR R — AU APCT R
al, EST YA AL HT , AT BE U048, 3 HT 7B 1 A AR A
7/JDiLE

IRAF 2N R ASAP 5] T8 b = R Ul &
L AR B PR A DA 95 SOk I, A s [A]
/NT 3 min® 5 5 B8 AR TR AUR B AR
Xt 13 P 24 5% B TR, 7E 5 wg/L~500 pg/L

WeREJu I N 2R MESE R AT R2 B KT 0.995, K HH BR A
0.04 pa/kg~0.89 pe/kgo XTI A= 16 TR F K b i
ARLGFR A IATREIN , 35 2508 USRI PR FAAE 0.6 pg/L~
100.0 pg/L ¥ Fl Nk R AT, KT 0.99, Kt BR
0.2 p/1~0.5 pg/Lo KA FEARIRES B T H AR AL
T I T A SRR B AT

ASAP YT T WA i 5 2 7 BT A B P 75 21
AU R S BRI A o, LR A5 R R D AT
PREEP RO R M R, 3R 4 BN TR
AR AR B8 IR B AE & S b i B

R4 REEBEFRSEFUEA
Table 4 Application of ambient solid analysis probe (ASAP)

S P e s I U
SR E M A0y BULYEKS I55E 5 BEF ASAP-ACQUITY TOD SR FIAFISMEE 400 °C 1 pl  [53]
FOE BRI IME K% 3 ASAP-ACQUITY TOD il REFISIRE 200 °C /  [54-55]
EN LRI N NN e A N P D B R AR ASAP-Xevo TQ-S JFHE(X  BIFUESEE 150 C 1 pL  [56]
LR BRI R = R FRFN I 450 °C
UK 5 R AR RN 2 R HLAEET T 5 pA
FET RS R i (P fbs) B ASAP- = PUAT AL / 1 pL  [60]
F5 R SR KR HETR K ASAP-Xevo TQ FiiE{% BETFIREE 150 C 2 pl [57-59]

FHFNAREE 500 C
AL 1 pA/S pA
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