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Research progress on determination of pollutants in food by liquid
chromatography-high resolution mass spectrometry

SU Min, LI Hong-Li, BAI Ya-Min, HUANG Da-Liang, LIU Yuan, WU Yan-Lei"

(Chongqing Institute for Food and Drug Control, Key Laboratory of Condiment Supervision Technology, State
Administration for Market Regulation, Chongqing 401121, China)

ABSTRACT: There are many types of pollutants in food, and exposure involves multiple stages such as raw
material, processing, transportation, storage, packaging, and sales. With the improvement of people’s requirements
for the healthy, nutritive and safe condiments, the pollutants in food have received more and more attention. Liquid
chromatography-high resolution mass spectrometry (LC-HRMS) combines the separation ability of liquid
chromatography with the advantages of high resolution mass spectrometry, such as wide mass range, fast scanning
speed, and high sensitivity, making it an important means in the field of food safety analysis. This review summarized
the technical characteristics of quadrupole-time of flight mass spectrometry and quadrupole-orbitrap mass

spectrometry, as well as the research progress in the detection of pollutants in food using LC-HRMS technology over
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the past 5 years. The article focused on the application of LC-HRMS in the targeted and non-targeted determination

of pesticides residues, veterinary drugs and their metabolites, food additives, illegal additives and mycotoxins, and

prospected the development trend. Aiming to provide reference for the detection of pollutants in food in the future.

KEY WORDS: liquid chromatography-high resolution mass spectrometry; pesticide residues; veterinary drugs and

their metabolites; illegal additive; food additives; mycotoxin
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Fig.1 Structure diagram of mass spectrum
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SPRIE, Q-TOF 5 Q-Orbitrap FEE—ERIIX F, 0% 1
Jii7R Q-TOF T/ m/z B HAT e it 43 HE%, Q-Orbitrap
WIAEAS m/iz B BA e A e, R, W i ik
FAE, Q-TOF M A E = (KT 20 Hz), mARM R
ARH R =100 Hz, (B H L 20~50 Hz {#i FH#H Jy 4 2,
Q-Orbitrap FH HZ BT FTE M 73 B4, 7€ R=140000,
70000, 35000 F1 17500 (m/z=200)F, 943 E35H 1.5,
3.0, 6.0 f112.0,

%=1 Q-TOF 5 Q-Orbitrap SH X F|
Table 1 Differences in Q-TOF and Q-orbitrap parameters

N T E | e o
& - M AL 43 HEAR Rl 2/ Hz

Q-TOF = mlz 15000~50000 >20
Q-Orbitrap 1i& m/z 35000~140000 > i'zo(‘)&o‘
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BN T BRI R, BIUA B2 5% B BRI AR A
%, (Hal W —FAb A — Rk s s FLAT A AT 2 . Bt
LC-HRMS WYAWT & 2, 2555 A BT AR R 2 . HIHT,
LC-HRMS 7E£4-255% BRI 5 16T A 10 PR 22, BB I 2%
HCNE SRR NG, X F IR KR A 2 iz,
% (ethylene diamine tetraacetic acid, EDTA)Z% A LA -5 5
JE R4 IR B TR AR 2 ROV AR R AR BUSCR i R R
FH PRiIME HLB, WA5344)1& % F§ QUEChERS, # L3 3.

#*2 LC-HRMS ZERmPRATFZENEA
Table 2 Application of LC-HRMS to pesticide residues in food

75 e HiAb B B s H ERR/(ng/kg)  STHR
1 UPLC-Q-Orbitrap QuEChERS Bk BIFTWEINAY 61 Fife 2 1~10 [19]
2 UPLC-Q-Orbitrap QuEChERS TR FHERESE 53 ey 1~10 [20]
3 UPLC-Q-Orbitrap QuEChERS Ky e 45 62 e 2y 2~10 [21]
4 UPLC-Q-Orbitrap ¢ 2 QuEChERS X BRECH] . RTERIAE 5 95 94 ik 2y 1~10 [22]
5 UPLC-Q-Orbitrap 2 i QuEChERS XA TR Fide 24 0 KU SIS 13 Flefe 24 0.2~1.0 [23]
6 UPLC-Q-Orbitrap % E QuEChERS Zent 166 Flifc 24 10~25 [24]
7 UPLC-Q-Orbitrap 2 B2 QuEChERS WA WAL 90 Rl 24 0.2~20.2 [25]
8 UPLC-Q-Orbitrap QuEChERS R R 157 Fhife 2y 0.2~8.8 [26]

TR OEEL R 8 AUBMBEE A R L 25 FIORTE T
9 LC-Q-TOF i B QuEChERS T 33 B2 0.5~50 [27]
R
10 LC-Q-Orbitrap QuECl;g%S%}f%% . KR 77 R 2 0.05~0.5 [28]
11 LC-Q-TOF P L QUEChERS 4+ 129 R 258 B2 0.003~11.37 [29]
12 UPLC-Q-Orbitrap PRiME HLB 7L} 29 P 2% B 6 [30]
13 UPLC-Q-TOF % B QUEChERS B, KR 420 T 25 5% B 0.1~5 [31]
14 UPLC-Q-TOF P B QuEChERS =3 214 Fhife 258 82 0.206~18.125  [32]

e E RO 435 (ultra performance liquid chromatography, UPLC).
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%3 LC-HRMS EFRRHPEHKBHIRH
Table 3 Application of LC-HRMS to veterinary drugs in food
Jr5 Xz i Ab T i H ERR/(ng/kg) STk
. P2 80% LIRS 0.2% T R) [
1 LC-Q-Orbitrap ¥itfb: Oasis PRIME HLB BFEN 108 Filr-5-24 5% /i 0.2~100 [39]
=} . ES 72y 1=
2 UPLC-Q-Orbitrap ﬁﬁ'éﬁ};%a% i 112 Fifri4- 25 5% v 2.0 [40]
3 UPLC-Q-TOF LG 2%, 0.1 mol/L EDTA LS ] 89 M AR 0.1~9 [41]
4 UPLC-Q-Orbitrap TR AR B P! 52 P Zisk 2~50 [42]
_ PRI 80% Z /K (F 0.2%H IR) ) 14 2% 160 Fhzh
5 LC-Q-Orbitrap ¥ {b: Oasis PRIME HLB W, fi - 0.5~50 [43]
$2HL: 10 mmol/L EDTA-2Na VE i+ fifi: e -
6 UPLC-Q-Orbitrap FEEKG:1:1, & 1%LR) fo . #F. DL Hﬁgj%% 0.2~5.0 [44]
# 4k Oasis HLB .
T K (8: 2 1525 123 fhrazt
7 LC-Q-Orbitrap s ;?E:jk( ) K - . Ejﬁ a 0.1~50 [45]
BRI B 0.1%H %, 0.1 mol/L EDTA
8 LC-Q-TOF B R, éﬁﬁ me I 65 Fi 25k i / [46]
. FRHL: 80% LN /K (Fr 0.2% 1 IR) SPIETEE 2128 155 Fhegzy
? UPLC-Q-Orbitrap %L Oasis PRIME HLB i 5% 0.1~10 47
P 1% H R NS W75 3 4
10 UPLC-Q-TOF ¥ifb: Oasis PRIME HLB WAL, 4R 30 AT I 0.2~4.0 [48]
UG 2. 2R B YA -
11 LC-Q-TOF e QUECHER S(HH 3 B T 1) s 32 P E 3.0~30 [49]
. HRHL 0.2%H R 2 )1 R .
12 UPLC-Q-Orbitrap %41+ Oasis PRIME HLB LA 60 FiA &R 5.0~10.0 [50]
) 0. 20 FafdE s . e
13 UPLC-Q-Orbitrap Vfl: EMR-Lipid i {LAE ¥R i 0.10 [51]
=} . ES
14 UPLC-Q-Orbitrap ;ﬂ?éﬂ% A 9 Fik IR S 0.1~0.4 [52]
s UPLC-O-Orbit I 1% PR 2 PLE {731 N— 03206 53
“Q-Orbitrap ¥%+{k.: BONDESIL-SAX. Cig - 4 o (53]

: N-A3EZ i (N-propyl ethylenediamine, PSA); A3 SCiik Fh JoAH &R IA

A O [ R T 3 WA B R 6 T AR BN B A
P38 2 R R 22 K i, e DU VD A R A
DAI %P4 Fil UPLC-Q-Orbitrap 454 Compound Discoverer
A3 0, B ORI I 2 T BRIA T VD B LASM ) —Fh
BET B deethylene-ENR, [RIH7E 14 £ £ POAE S P
K 12 (A IR Y B K deethylene-ENR, H B B#E 7P £
B ROE DS B SN B Z /it DAL BA A R
W IR TH S %, LT %L PSA Mz
TR T —Fp] — 5 b i B e 26 8, - FAapPEmS S
112 B2 oA A L, FFRT SN o R RE 2l
B R AT TPl & AT TR L 2 T A2 R
% 5% B W . BRRH A 18 S TR Y T 7R & i Ak
/LC-Q-Orbitrap PR i £ 7K ™ iy v 123 B2y B, T ikifx
I A Ve J3 7K SF- g il 2 K™ S 2 ik B I PR R R, A
BT T K b P 2 R B A IR . TR DA i
XM s S BUMAR B R, A b AR T R AR 43 A

(dd-MS2) . 4= B F % J 43 At A EC 8 2k 37 4y BT (data
independent analysis, DIA) 3 Fgidhi R AR R 25 R, 1%
T2 3 BT R Ay AR IO 1 5 24 5% B i A e 2
fEeistie, MY DIA BRRERMBEZ MY 7.
ZHU 2508 7 —FJET HRMS, FITF 0] B FIR 5014
P T 1 [ JB5EE AT (1 SR e, S5 HH A AR i rpr 48 ek
HIP B2 R ANIEREZG Y LIANG 4507yt 7 3710 Fp ez
FLACH Y (R A, T o R T R SRR, R T
TR FAE B AESE AR, R A A 4 B AR i
FEofies, IP%FE R 33 Gy ERES o, S H 4 b
w2 3 AR
2.3 FEAESEARIAAEIN S E R A

B PRSI A AR RT RE R RS I A A
Y LA R £ b b T GEIE A A IR 2008 4E LU
Sk, 4 BT v AN I R 5 R R 5 2 3
ARSI/ NLEA T S e CE SRR BRI A AE &
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H TS A 245 4
232 B R SRAR A A A

BMmEINAI S SR a . F. W) N HTE
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LC-HRMS 7 £ 5 U 55 6 1o FH 4520 o 1 e 2 13RSk
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MRS A N-ERFEIRNE, X F U0 N-T R ik &

W) o ik 2 A s LA B AR
24 EFSZRNFERNA

FI AR FH LC-HRMS 3276 85 2 R8I0 5 187 B4 1,
ZHER GRS R, BT o-RF Rk R0 F g5
SN B-RETY K AOAG I, DR I k0 1o R 23 B R 3 A 7 X
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S5 P R O A RN S ik, I EESL TR N Y T A
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JEAER K, 1M AAE—E R R

3 ZRIiE
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