doi:10.6043/1.issn.0438-0479.202006047

OG- Jo BELIE 8 B B o 4 R o BRI
AL 3 SRR B AR 245 5% B
w25, K M, ZenobiRenato, Bt %

ETTRF A TR, WS 0T AR 2O 0 A seah s, AR JE1T 361005)
FE: AUIRBERE T — & RSRBOCHA T B8 B BT (laser desorption coupled
dielectric barrier discharge ionization mass spectrometry, LD-DBDI-MS) , &% DBDI ¥ )=
R WO BREE, AR TR R U . A e B AR R A R R R AR 2k
B AT SR S PR i AR o S AR S INYE, N T SRR AR 2 = IR B (bR
e M. SRR =AM RAE I ERE | ng GHSTIREEN 130 pg /kg) , KT H
bR GB 2763—2019 FTHUE MR G =M Rk B (2 mg/kg) o AR BUE R,
SEPELE, TRAER AT, SR RIORI 1 min AERTSER, Kk LD-DBDI-MS A[{E
TR 5T A I T AR 2 43R AR A RS AS I T
KRB WOLHT: A RPHE R R TR, RZGERE SRR
FESES: 065738  CHRFRE: A

It AV B bR e Jie DRI B AR 24 AN W B, AR 24578 2 iAol A 7= ep A B hn iz st
FiH], XTSRRI GRS« B VR T2 UERE ELRE Y, (5 b iy SR AR 245k B ) A R bk 32
BINATR 2 060 . KA AR 25 5R bR (01, 23 I AR I 6048, 3 et
HREtehE. SR IR R 2N nEue . B PEesl, iR 240 AEYE
PEALEARE) 0 T 25K, il R TP AR 2GR RO B (maximum residue limit , MRLs) M
H ppb (ug/kg)EJ L ppm (mg/kg) ANEE o FE O 20 Bk AR 2 1) S K Bk B AR AT 1 A% PR
DL R el A 2455 SR s T 14

fle 8 1O AR 25 4G I J7 VA R BT 0 B UM i g B BLR Cgas
chromatography-mass spectrometry, GC-MS ) 51l = 24 ¥ A €0 1% - 5t 1% Bk £ R Chigh

performance liquid chromatography- mass spectrometry, HPLC-MS) ©1, ‘g Ta] DU #E SEEL

R HEE: 2020-06-28 FFHB#: 2020-08-10
RHEWME: ERBERBZEEES (21874111, 21974116)
EBEEH: weihang@xmu.edu.cn



AR R B LK S IR A5 0 AN« ST AR B A e 23 P DT DA A IR R ST N . R
EINA 5 PER U HE R SR D 2o IR, I HLCLA R R AR 24 AT % 1A 24 8 P A 1 - 2
F B AR R I VEA AL T EEXRE R AT VA S ZEH VR4, L IR AT G BB A A HD IR,
RFERT K AR B 5 T L T 0% o B AR 45 AR 2 S T b = A B R 5, RS,
M2 R eI S, FIE ) RO R EU T DR R AT E DR, Sl RRA
Jrid, TR AL DOER 5 A T R T AR 25 R

20 42 70 SEARBOEI I A Jy S T BT RETE R I 2 BT R 1R, O AT FEL B T
i (laser desorption ionization mass spectrometry, LDI-MS) #EfSPus, Wi, miliE.
JEALRAE IR A TR 2 B T A AT B2, BRI VBRI S5 4T . SRT A 4 11
LDI-MS $ ARXHREIR 5371 B B e B, N MS R 46 K 2 4 L M o 7 T AP AE,
EANTAMEARER AT AR 3R, B 5 UURRTE b s (A N AR5 G o O T Mo Lok o) L,
ILAERIE BRI Z JE I NG A B, AR s B AR I 22 1R % 2 T B bk
Herdering 57122 H 213 nm Nd:YAG $55MEOG ARG KSR A 2% Fl B IR AN BIE B 1 BT i
BT — S EOLIR S KA EAL 22 B i (laser ablation atmospheric pressure chemical
ionization mass spectrometry, LA-APCI-MS) , % o 2= 2 pli o3 Wi (R AT 2 28 26193 (1)
frill o JEEEISRF 2940 nm ZLAMEOG AR AR & HIME % (electrospray ionization, ESD FELE LA
JRATS (SR, F TR SR S i, R I 3 e 43 M A MR s /N — 3 5l 43 i
Wiz AR Ve, GRS, FREFMCR A 2RI IHEOLES (355, 532, 1064 nm) A
&S B HT (direct analysis in real-time ,DART) HLESE, M T — G258 TR 2 it
KRR BT (PAMLDI-MS) |, Ih I FACIEBRRE &4 bR, 2t ZEH)
NG T

AR PP LB (DBDDD & — i i 7 A A R 4 795 H A (8] Bt In 52 A8 FELIAL, T L7
AR A5 B A B A P 437 FRL B AR o B T AT AN I il ) 2% T e 75
PR RS, T HA B ARUN, W LLSAEMR SRR EROER:, B 2007 FREEEKR
FARH RIS DR, B V2 B T BT I SRS AR SO TS T — B0
SRR A 5 A% L B B3 (LD-DBDI-MS) , BRI EBEMRHBAET: 1D SIESKEEHR
JE RS RORARLG, e B AT BVA L MBS, BRI T R B E R 2 BN
5 BELPA R B AN R B AN e O E A, R TR AR L A TG S
FarE e ANHIF TR FH 1225 B x5 SR 3% B 52 1 B T v 10 4k 25 R AEA T T S TR s A,
SEREMZINERGE . R RENSVE N AR B S A i o Ak 24 B R ARSI 7 T L



LR 5T
.13

=M (98%) (CoH7N3S, M, =189.25) . IEME (98%) (C14HisCLN2O, M, =297.18)
B H AL R IR A A T, ZEE (99.99%, CoHO) T H E 254 L 2l G R A
S BT AR 245 R0 351 43 AT 4L, A R RV 9 — AP A4k . SEER FT H IZ8 1K 3 B Milli-Q
4k 24 (Millipore, ) .

1. 2 FE A%

AR P AR KRR H % 23 BIFKEL 10 mg =FRME, $MEMEARHE ST 10 mL LR
d1, BCHIEL 1 000 me/L (M #&W 4 "CRIUTH, 258 T /K MR 2 MAS A IR B2 (¥ A
HEWR . FEHX 2 pL RFE R FE IR AR AV AR b, SR R T, AU ke 3k
PR [ 8 TRE S EAERS HT . BR A ULR, A SO K B AR 24 5 B IR BE A 2 n T AT
TR AR 2 (¥ 5 R FE (mg/L B pg/L).

FLSRE SO & SR (S 8 R TR BT D) 2588 /K AT 4EiE e 3 1K, FARME
T 5 B SERF R ARICH 2.5 cm x 2.5 cm (X3, KA 10 pL () GC JE5H48 7% X 1544
SIVRAN 10 pL R E W I =AM R AR, EAAT, VI EEEZ) | mm R B, R
[E 52 TAF B AT R
1.3 DBDI BT

DBDI %¢ & TAF R BAE 2 FI A SCHR[18-19]h A RN 1. — I A B EAE (LD.
0.7 mm, O.D. 1.0 mm) #ZEEFIFE (B4IE) ANH, FUEACAEE FRERIIE 7 BHE
1.37 L/min 2B ERE . A9 BHME TR — R 23 mm FIASEIAEHE (1.D. 0.5
mm, O.D. 0.6 mm)/E e Ak, — /MK 5 mm GLE7E A S B 405 A Bl 94734 (1.D. 1.0 mm)
TESga R . B i U SAE B OUR FURAE T B AANE B 408 B\ DBDI J&.
FEP LR (BN Z) 3 KV 40 kHz FIESZ G, A oE B0 A B 5 PR 8 RO ™
PR TR, BB S LA S, B RN U RS . A S B A SN
KHARA LI RMR IR 70T, DRI N A2 4.

L4 WOBR RS

K BTy 532 nm TR BB DG Q WO AR penny-A-100 (#2115 KHOGRHY
AIRAFD AENMEBCRARIE . Wotlkh EE A 10 Hz, Bk% 10ns, A&E 0~35 m) 7,
WA TG, GRS SO R 202 900, RAEHFIREREEAIBEE N 10 cm, {13



FEWOCIEAG I % B AERE R T . FEMBELL 15° Wiff5A M DBDI BAE N HBCE . T30
AR AL, AETBOGRAE R %) DBDL A I HIBEES [ E N 2 mm,  PAPRAIEf K ECE (AR 7 1
e\ DBDI B4HE, FEmBLIEL x-p-z =423 T S REHTER CERtbett LA IR A
CIDES

1.5 X

ARSI FTH MS A— & i HE UG RATH B3 (Q-TOF-MS, Impact 11, 8 [ 7 5
NED o BEFEAFEAFERC R WS & 58, K E &R DBDI JEE MS AAHESL. MS
BAEHIEN OV, NOBAEEEMREE 180 °C, BB HMERHIEN 200 V. Bl RER
B E HWEAN mz=50~1300, JAEDFHHLE m/z=190.03 &b 28 000. A5 H FTH MS %
PEILE IE B PR R 4E, 8 Quant Analysis version 4.3 (45 [ A5 & 5o A 5% KAE 5|
(R BOHE BEAT J5 AL B . K BESR B 5 A%k B A Ak 24 4y g AR BT (tandem mass

spectrometry, MS/MS) HBEAT & R

2 ZREH®

LD-DBDI-MS % & JF BRI 1 fios, ot REES R A I EJ7 S E Ik
FEARHE_E MRS IIE T . DBDI S MS A LT E#MIE, S5MEAES, WOLMRINYIR
NS LAMEE U AN A9 B 40 A B ELHe 0\ DBDI VR LS, FL S J5 (140 T4 B
PR BN TS SCHAT B 73

HFHE T

N

X-Y-Z BTG ;nﬂnie -

1 LD-DBDI-MS s 4 B R 2
Fig .1 Schematic diagram of the LD-DBDI-MS
BOCHEE v “ —ICBERMEIT]” , TRRF IS A, & HR AT LAE RGN 8] AR R
it 2 [ BRI SAE 92 PR, (BRSO 2 - B B BORE A T r 2 — A HE 2 H AR
o, PRI T R AR “IRF BRI T, ASEEG 51\ DBDI G LR E . =I5



PR R AR R R R B, YRR AR, ZGRRRAG, AT LL T B A T AT S . A
Bl 2 iR, FEH A %R 58 A — S0 4 T 43 R ] LDI-MS Al LD-DBDI-MS i Ffi i 5 51
IR DL R AN AR AE KV (100 mg/L) BRiE BT, v DABRAE 24 RS 0GR
FLESE, [MHH]H m/z=190.04 (=ML E T A1 M* ) m/z = 297.04 (HIEME ¥
BT 5 TR, TR ROABOGE R R AR TR, MBS CREA L, 515
HEN MS 2K 2 Boki 7 LA M RAZAE , AN BERIR I 254 SR IR 1 155 5 M1 . AERO MRz
JE 5\ DBDI J& LB R B, =AM 1A B U B R = 140 500 i, SEEMEy 1 TSR
=2 100 o HEAT WL DBDI Ji5 A 23 B AT DA 35 B OGO A B R R T, AR B
B9 RFRI, FIAE LD-DBDI-MS &l ip 3 oR & LB S O A5 D0 0, St BT 7
DBDI % H 8§ HRi . DBDI o F IR 5 437 1) HL 25 T 2022 57 S el 1 o B BT RO
o BAPEAREKEN, BEE THRBBEREIE UK TR T, =3y
RS FRIRIA TN, B 5 BBOK s TR S TR T, RAER TR R, [E15H
BE AR ORI 9t o AMEE IR S5 1 (R 5T AL R85, SEAb ) T R AR A e S, B4 g
TR S A BT A Ny B B T, AR 4yl ) L R N2 PR R,
BETT P AR TR M

ol
(a) [M+H]" . (b) g 3sEe;
P Nidaia = ™ E ] N [—uoi
;s S AN 2 ¢ oL =y w
=N = 4
$ ] on, 2 184 L\
2 4E3 9.0E3 T
£ e b l e = 00 ——— L Tt
20sgl86 187 188 189 190 191 1S2 183 194 195 220 240 260 280 300 320 340 360 380
' ) 4 4.6E6+ miz ——LD-DBDI|
i [—Lp-DBDI . [=1p-DeDI
8 1568+ [M#H] s m
% 1065 2 0651
*
5.0E54 1 4.0E54
0.0 psapetby Ty iy T T + v ) 0.0 T T T T T T T T 1
100 120 140 160 180 200 220 240 260 280 300 200 220 240 260 280 300 320 340 360 380 400
miz miz

& 2 LDI-MS 5 LD-DBDI-MS il = R (a) LA K 085 W (b)Y b i b 5 78 5 18 15 5 %+ Eb
Fig. 2 Mass spectrometry comparison of residues of standard aqueous solution of tricyclazole (a) and imazalil

(b) detected by LDI-MS and LD-DBDI-MS respectively
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Fig. 4 Standard linear curve of tricyclicazole, (a) and imazalil(b), optical image of the laser ablating spot (c),

and reproducibility test of tricyclazole standard sample(d)
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Fig. 6 Intensity-concentration curve of tricyclazole on apple peels by LD-DBDI-MS (n = 5)
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Laser desorption dielectric barrier
discharge ionization mass spectrometry for
rapid detection of pesticide residues on
apple peels

YANG Mangqing, LU Qiao, ZENOBI Renato, HANG Wei *

(Key Laboratory of Spectrochemical Analysis & Instrumentation, Ministry of Education, College
of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China)
Abstract: The system of atmospheric pressure laser desorption dielectric barrier discharge
ionization mass spectrometry (LD-DBDI-MS) was constructed. With the high efficiency and soft
ionization characteristics of the DBDI source, the detection sensitivity was significantly improved.

In addition, the device was used in in-situ qualitative and semi-quantitative detection of trace



pesticide residues on apple peels. The standard quantitative curve of tricyclazole residue on apple
peels was established by adding the standard substance. The lowest tricyclazole concentration that
could be detected with this system was 1 ng (equivalent to a concentration of ca. 130 pg/kg),
which was far lower than the maximum residue value of tricyclazole (2 mg/kg) in fruits and
vegetables stipulated in national standards of the People's Republic of China GB 2763-2019. The
method has high sensitivity and good stability, and almost no sample pretreatment is required. The
detection of a single sample can be completed within 1 min with this method, which can become a
tool for detecting pesticide molecules in complex matrices such as fruit peels.

Keywords: laser desorption; dielectric barrier discharge ionization; mass spectrometry; pesticide

residue; in-situ detection






