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Abstract: Direct quantification analysis by mass spectrometry refers to the technique
that sample is quantified directly by mass spectrometry without chromatographic separa-
tion before ionization. Compared to the traditional chromatographic methods, this tech-
nique could significantly shorten analytical time, and then further to meet the rapid,
online monitoring and in situ analysis demands. At present, new publications have
continuously appeared and widened the application areas. This review provided a snap-
shot of the field and mainly focused on the mass spectrometric techniques and sample
pretreatment strategies. From the technical aspect, ambient desorption ionization MS
has made a great breakthrough for direct quantitative analysis. Various samples could be

directly desorbed and ionized in the open air conditions of the laboratory or in their natu-
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ral environment. It typically required little or no sample preparation and offers a much-
simplified work flow prior to MS analysis. Certainly, ambient MS techniques have been
successfully coupled to mass spectrometers equipped with different high-resolution mass
analyzers, such as time of flight (TOF), Orbitrap and ion cyclotron resonance (ICR).
The ability to provide accurate mass values and isotope patterns makes feasible the une-
quivocal identification of compounds from MS data, Sometimes, in order to extract the
maximum information, hybrid instruments such as triple-quadrupole mass analyzer
(QQQ) and quadrupole-TOF possessing multiple scan modes for further identification
and quantification analysis is necessary. From the pretreatment aspect, there are two
main strategies for direct quantification analysis by MS. The first one is trying to
improve the signal response in the mass spectrometer by utilizing the derivative reagent.
At the same time, derivatization using stable isotope labeling such as N-alkylpyridinium
isotope quaternization could also introduce the internal standard for the accurate quanti-
fication. The second strategy is the extraction technique significantly reducing matrix
interference and improving the sensitivity of detection. Trace amounts of semi-volatile
or non-volatile compounds can be efficiently extracted from the complex matrix by
micro-extraction and QuUEChERS method, etc. The effective and selective characteristics
of the extraction technique facilitate a perfect combination of ambient MS technique for
further high-throughput and accurate analysis. Up to now, direct quantification analysis
by MS has been applied for mass spectrometry imaging, single cell analysis and online
reaction monitoring, etc. although the feasibility for the quantification analysis of multi-
ple real samples remains to be verified. Accompanied by the enhancement of instrument
performance and the improvement of sample pretreatment, it can be easily foreseen that
this technique will become a more reliable means for quantitative analysis in the near
future.
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Table 1 Application of direct quantification analysis by mass spectrometry
BT s giivd Fir &b 2 iz e SR ik
Tonization Mass analyzer Pretreatment Analyte Quantitative method Reference

ESI IM-Q-Trap N L B 0 AR MRM i T F1 55
IM-Q-TOF RARH R AR W B 56
IM-Q-TOF e FOIR IR 4 28 b IR A0 iR S IL & 9 W 5 BE 57
LTQ fit 4k HEH NWER PIAT IR P 1Y 61
QqQ ET R B AR AL 1 B A S, e 5 P 67
Q-TOF AL 2 B AR R B A4 B K S FE RSB PIAT IR P 1Y 68
nanoESI QqQ I A 2 B MR B2 Y & & MRM+ iR+ IEHE R L 6
Orbitrap & A B A EELEY PIAT IR P 1Y 7
DCBI Q4Q I8 4 AR B B bR S YRk A1 B 0 B MRM i 5% B 34
Wooden-tip ESI Q4Q PR AR b ARG E H @R MRMA PRI 12
PESI Orbitrap R ok e TR AR W 5 BE 8
Q-Exactive FER AR =Y PIAT IR P 1Y 9
Q-TOF N B 24 D 5 T 8 M T 4 AT W 54 B 10
BP-ESI QaQ F 1 S F BRI R W iR, JEE 11
LAESI LTQ Vi DL 2HL 2R 50 35 P BB B R MS? + g 35 13
DESI QaQ 1 AR PR - I R B L 24
LTQ JE AHFE B R A BBt MS® -+ e T J3E L 28
TOF R R A 4 M W J3E 25
Orbitrap P S H 8] 4 e 5 P 26
LTQ Orbitrap BERARTIREYRAR W J3E 27
EESI LTQ S AR W B 31
LTQ E73:- 0 e b7y R MS? -+ W58 3 32
Q-TOF KA [ R A A W38 BE 1 29
QTOF RISy W B 30
Q-TOF 25 2 Je U A 05 T 08 20 T 80 S, e 5 P 33
iEESI LTQ-XL 4 i ZT BB o B0 RELA, SR L M s LY 35
ND-EESI LTQ-XL BEHARER W iR, JEE 36
MALDI TOF BAWE Bk 55 A U BT L 52
TOF B A KB R Wi 149 400 IS 5 3B Ik W3 B 1 53
TOF-TOF /I BB A5 05 2 R v 2 B IR A AT W J3E 65
MALDI TOF-TOF e iy 21 4 P 2 KRB R W iR, JEE 66
FT-ICR fit 4k 3k o i o B R O T PIAT IR P 1Y 59
FT-ICR A A R P Y 2 P4 - 04 5 JE LY 60
FT-ICR B iR 40 21 oh B O B A B S R AR ST W B 64

FT-ICR i fh + S FE B WA RN FRERY R PIAT IR P 1Y 58,62
FT-ICR WA EE R ERMEPRET PIAT IR P 1Y 63
FT-ICR AR ZE B W W0 A R v A 9 PIAT IR P 1Y 69
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Tonization Mass analyzer Pretreatment Analyte Quantitative method Reference

DART Orbitrap QuEChERS By 1l HAHER AR IR/ SR 20

LTQ-Orbitrap B A 7K B TR T 2y P + 0 3 JE 1 21

Q-TOF AR BB R 4 BT RoR MRM+- W i 22

FT-ICR & A B Yorbe 15 R A PY AR - A B 1 23

AP-MALDI  LCQ-ion-Trap T A A R IR 2 MRM+ P45+ IS8R RE L 48

APCI QaQ T LA E R MRM+- W i 14
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APTDCI QaQ L 3% 5% 1l 9 v 655 e ey 5 PR - I R B L 18
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