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Abstract

Recently, Ambient Ionization has attracted extensive attention for its simplified sample-pre-
treatment and on-site mass spectrum. In this paper, we use ambient syringe spray ionization me-
thod and expand its application in the detection of chemical and biological toxic agent. We detect
semi-volatile chemical toxic agent simulant including VX’s simulant Diethyl phthalate, HD’s simu-
lant Thiodiglycol and biological toxic agent stimulant Substance P and Hypaconitine on ion-trap
mass spectrometry. The results showed that syringe spray can fulfill the goal of direct and online
mass spectrum to chemical-biological toxic agent. The detection time is about 1.5 min. To Sub-
stance P, syringe spray’s total ion current (TIC) is improved about 1.4 times compared to Nano-ESI.
Meanwhile, syringe spray’s total ion current is more stable than Nano-ESI. To Hypaconitine, we
detect its sewage solution by syringe spray to simulate its real application in-site. In conclusion,
syringe spray is a new ambient mass spectrum technique fitting in-site, online and rapid detection.

Keywords

Syringe Spray, Ambient Ionization, Mass Spectrum, Toxic Agent Simulant, On-Site, Rapid

HEEABEE R T RIERARENE BN Py
Rz R

AWrFE:, Amm, LFW, AR, RKiE', FERY, 47

AT T e
et B TR, b

CESEE .

XEFIH: AT, I, FLRIE, ETEK, skcde, ZEENE, IR BTk S B R H AR TE A AR BRI
MWD ik, 2017, 7(2): 79-86. https://doi.org/10.12677/aac.2017.72011



http://www.hanspub.org/journal/aac
https://doi.org/10.12677/aac.2017.72011
https://doi.org/10.12677/aac.2017.72011
http://www.hanspub.org

CILISS

Email: '417842042@qq.com

ks HiA: 20174F4H16H; FHHEM: 20174FsA8H; KA HM: 201745 11H

R

EEREEE THBAR (Ambient lonization) I EAH ST EEAL . I3 POE SRy RU7E B 59 LA
HHRENTRRE, ASCERZB AR, e kB E R R T RN A TR I A e i =
BT R X R AR R R VXA R — R — 2B . HD AR IIER — H B @it AT A
W, STEMEFRBFIPYIR . RS LGAESET TR . ERERRY, LTRSS
B SEBUXHAL A AE Y BRSNS PR BOBAR T, AR BURE MBI B FHEAR TSR, M RN
1.5 min; XPYIR KIS LBIEAN SNano-ESIBIZAL WAL, BTFRBERR T 1415, FANBETHRE
SHERE; MRGKBANTKIEEBOET TN, BT KRR PR, B, SkBE R
ERARR—MES UGN EFHERPEE I T E B TURERA,

Xeia
BHLKmRE, WEETI RE, HHENN, B, RE

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|

OV 43T A — A 15 A7 L (5 5 R A 1) LR PR 20 AT v s JHL IR A i B A5 A i v 1) 95 4 40 7
BS YR AR ORAE RS, AR AN [F A 5T EE RS FART I B T, s B R T RS TR, N BT A
BEAT 30T DAERE S TE U 2 A 50 5 BT — 8 I TR BE A BEEAT S T4k, HARG RS TR W R E
TS EREG OO RE AT B TR T OO IE BB R EE k. R B T (Ambient lonization) i AR1R
PSR T R G B A HOR T A Ao W B RE AL B R B a, BE T o TR B B S,
AN AN AR T S ORI, [FIB 6T4k 7 R S v 4% AR, Ref8 SEOLINIA 75 26 Al A7 POdAS:
b

ITAER,  BAHT AL B A EORIBSR K e, AN AiT H5% %5 . 25 (Desorption Electro spray lonization,
DESI) [1] [2]. T #252i 20 #7 B (Direct Analysis in Real Time, DART) [3] [4]34%1% 5 Hi 25 (Paper Spray,
PS) [5] [6]+ M F Wi %% Hi 5 (Leaf Spray) [7]. 2 %5t %5 Hi 25 (Toothpick spray) [8]55%, iX &b & BT U5 A KT 58
Wl N TR TE A5, R R D R A BRI SRS TAL B R . X AL R B TR
ML, TR TE LR S (TR B AT B e T A

Bk B T T R GG, SRR, SR S, (A I R T Ry
(1) L FH I 5%

ARSI R S5 55 B RS B A S S, ERE TR X R A S R RO b A A
BEDLFFUAG  ) BL FH AT 9 o R K HL S TR IEAH 5 6, TR T X AR B RIBSEUGR) P 4o Ak S He 575 /KR
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2. HmS{LE
2.1. BEmEKiR

I T2 [H Sigma-Aldrich A P YA T LS /RAEMGIRAF ;U SKE T 5 REREH
FRAF]; ARZK IR — PRI RET AR AL LAt 7 R HEEW T HA TCL &%), LR 46
IR T W LI MG IE A &) 5 35 7K B SRUG A7 15 7K A Hh 3R AT

2.2. SEH{UEE

BB (S50 7 1% 45 A K F T Bruker HCT 857 BS54, ZUAHE T4k o SIB@ Al 1E 2 78X

FEAR LI Szt b, PORTE ST R ) model KDS-100, #E#fE &y 30 plthe — Vot B2 FIVE ST 23 (A 42
0.25 mm)Jg TYLIRIAFEE & A R], BRI TR E I SE A A 3R A A .

1Rt L 5256 1) Nano-ESI 15555 F IR 3% B B 41, H Scatter 4428 A 7154 P-1000 iz & (GE i Xt 4
%5 0.8 mm. FMEN 1.5 mm FIBEEEEAHE R MK, S8 B AR N 5 pm.

2.3, FREEEREE

3L 10 pl 482K —HIR — s S —HEE, AW EEEBUE S 2 10 ml, 15 3] 1000 pg/ml 94 FE 1V,
P AR AR R AN IR B2 o B 1 mg 1Y) P AT [ 4 5 o 5 Sk, FARFREE A 11 B H BEKIEE S 2 1 ml,
35 1000 pg/ml WK EE BV, i R EERARE AT IR . 7ETS KBRS ae BT A F VAN
RFALE 101 1) S 7K VR B VA R

3. KBEREITIS
3.1 FFERFHEUFIAIE

Lh2K — R — Z I8 (Diethyl phthalate, DEP)Z k2= #551 VX IRERGH, H4r 10 CioHaO40 AN
TN 222.24 Da, & —FICEIRIIB R, BAEER, RAMEGN SRS R NN &
B URAEAT VS o B A e R B s 0 BB (R SERE A, D, AR SCIRZR SR AT S8 55 5 4 R A
WT5 250 FOHAT EREHERE I AT o S0 il £ AN R R BE I AT 2K — R — SRRV, TEAMINHLE N 3.3 kV 2%
PER, BEAT SR, P L ORI EE AIARSR R . BRI TRAE 3.3 KV HLR 41 R M2 b i 2%
HLE PR J7FE A y = 409.095x —1775.567 , Zk1EFE N R? = 0.99738 . fi A IR (Limit of Detection, LOD)
10 ng/ml. % 1 2tk R #h 2R

i — H B (Thiodiglycol) /24422557 HD B, & Mg bR, Hor1 308 CiH0,S,
AN 4> F BN 122.19 Da. BURFE N 1 png/ml (OB — HERAW, (EAMINHEIE N 3.3 KV &R, HEI1
J A 25 R AN ] 2 P

3.2. MEEFIEEN

P Wi (Substance P)& —Fi 2 /A T E L4 N I — FRAP ek, AT 5l M& SO X iy k. 8
PG MR NS A IR SRE R, H A1 N CesHegN1g01sS, AHXT 7+ 5 &4 1347.63 Da.
P 3 KR FEE 10 pg/ml [ P YIRS BAE AN FELE A 3.3 KV A0 R SR FH AT Sk % 5 4 e I Dy 700 V 4514
N>R FH Nano-ESI B 5 A5 1 434 Py 75 30 1 42 25 T3 ¥l (Total lon Current, TIC). M 3 B4 RaT%n, &3k
M55 55 AT DASE — 58 I 18] PN SRAS BN R E (R 001, [ A T Sk 250 1) i B8 13 3 P 20 A Nano-E S| 15§ %5 55 1
TR 1.4 £,
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Table 1. Linear carlibration curve of Diethyl phtalate
=1 BFR-HER = CEERZ AR E L

WJE (ng/ml) 10 50 100 500 1000
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Figure 1. Linear detection range of Diethyl phtalate
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Figure 2. Mass spectrum of Thiodiglycol with 1 pg/ml
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Figure 3. 10 pg/ml Substance P’s TIC of syringe spray and Nano-ESI spray
[ 3. JREEJ9 10 pug/ml B9 P #1BR & LR E S5 Nano-ESI BEEM R BT RE

4@ NTE LR M, IREN 10 pg/ml 1) P YIS AR A AR Sk W 25 R 1 A(D) M [FIFERE 1)
Nano-ESI Wi %5 Jli il /€. & 4 v, £ Skm % 1) i Al 45 R 5 Nano-ESI Wi 55 i i 45 R KB A, 33
NP WIS T AR TG, BRI FLEA 674.2 FIRFIEWE. (HELRHLAFIEIE R SR v 41, £ kmi
(ES TR 2200 Nano-ESI Wi 25 (1) 3 %, AT ., XF T P 5 B B e, %1 Sk it 55 (1 25 A R B AR T
Nano-ESI 5% .

R 3L (Hypaconitine) & A 7E T )11 5 BLL . A5 1 E 20 By . B BRI
A, XS BRI R . T 0N CogHusNOyo, AHXT 70T 5 N 615.71 Da. |4 5(a) NANF L IE 2%
PR, WA 1 pg/ml B S SE R  BS TR e S R C R FEAMIHEIER 2.3 KV B, ERIER
RABE, RIEBAMREE: BAEBERABRA, BE8CLHEME, S FRssEepegmn. M8
JREE 3.3 KV I, B0 e B e 5 A ek g% . 14 S5(b) AN R 3.3 KV SEAE TR BB B

9T RSN Sk 55 o B A I e ARAE I IA A T R SE BRI SR EE A 1 pg/mll (9% 55 Sk A 7K 5 v ik
AT TR SEERLESMIALE N 3.3 KV &AM, M5B A & 14 kg7 B Al . ErE E
Bl 6 s

7 IR S K TR A 48 T B IR AT S e e S R e B B B B Xt |, 75
K EHRERIME . KARTFERRRLA T, 2RI g5 G T, H SR G S g I, s
JE SR X LT . 0] DUE HIX S P i 48 O AERE S 3t N 0T 15 AT B RE 1R B B 75 fl e e
B, [EIE T e A A B SRR B, LSRR R A BT, AN 2 I ot B T A I 2 SR AR R
IR G A R

8 NIKFEN 1 pg/ml FIIR S SkBdi5 /K BAE A, 78 3.3 KV 26 1F RIS LWE 55 g Rl 45 28, S
MEERGH, BFmeEEES E SRS 7R 1.7 £, BATIUERREA B, (52 kg
(L B AR ORFFAE

4, &g

RGN BB KA EERAE AR TR T — R K 5 & Ak, = — R R 3
JEWE % 2 A BUE R IR, ZBORBARER. ASBHUR, WRNPE . A CHE. BRI,
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Figure 4. Mass spectrum of 10 pug/ml Substance P by syringe spray and Nano-ESI spray
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Figure 5. Relationship between the abundance of Hypaconitine and voltage
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Figure 6. Syringe with micro filter membrane
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Figure 7. Comparision between unfiltered liquid and filtered liquid
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Figure 8. Mass spectrum of 1 pg/ml Hypaconitine by syringe spray
B 8. SRE A 1 png/ml BR S SLHE R T SL I E L E

MRE il RAE BN 2GS A 45 R KL AT E 1.5 B A A IS IR], [y — 8 — DR PRV 25 DL (g i
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