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Abstract ; Gas chromatography — Orbitrap mass spectrometry ( GC — Orbitrap/MS) , a developing gas chromatogra-
phy — high resolution mass spectrometry approach, allows for high throughput qualitative and quantitative analysis

of volatile and semi — volatile components. It has the advantages of high sensitivity, selectivity, and a wide linear
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dynamic range, which makes it well suitable for the analysis of a wide range of trace substances in complex

matrices. In recent years, this technology has been applied in environmental science, industry, food analysis,
pharmaceutical analysis, forensic science, clinical medicine and other fields. This paper presents the first review
of GC — Orbitrap/MS, which not only describes the basic principles and technical characteristics, but also
introduces the progress of the technique in food and pharmaceutical research. Applications in food analysis include
the inspection of pesticide residues, detection of persistent organic compounds and analysis of flavor substances.
In pharmaceutics, the analysis of chemical impurities and quality evaluation of traditional Chinese medicine are
introduced. It is noteworthy that this technique is particularly advantageous for the identification of unknown
compounds and the determination of ultra — trace components. Lastly but importantly, this review summarizes the
challenges encountered in the current development of this technique, including the establishment of high — resolu-
tion standard databases, the selection and optimization of sample pre — treatment method and the application of
GC - Orbitrap/MS in the field of traditional traditional Chinese medicine. A few solutions are also proposed, such
as the application of variable electron voltage technique, the combination of two — dimensional gas chromatography
and electrostatic field Orbitrap mass spectrometry and the integrated analysis comprehensively using multiple scan
modes. These strategies are aimed to provide more advanced and accurate solutions to food, pharmaceutical, and
other relevant analysis.

Keywords : gas chromatography — Orbitrap mass spectrometry; high resolution mass spectrometry; food; pharma-

ceutical ; pesticide residues; persistent organic pollutant; aroma substance; impurity analysis; quality evaluation

of traditional Chinese medicine; review

S5 8E ] (gas chromatography — mass spectrome-
try, GC — MS) J& % S AH 3% ( gas chromatography,
GC) HEFE> 5, JFi 1% ( mass spectrometry , MS) #E47 40
orEtE S E R ER. B 1957 4 Holmes Al
Morrell " & R SE B GC — MS BRI AR , 2B AZ Hi
I FH 4% U & PR B R o B A . GCoR]
AR BT REE , A45 25 5 BF (o trap, IT) | Y
e T ( quadrupole,, Q) . =5 PUH% T (triple quadrupole,
QqQ) Z5 1K 73 HE 2 it 5 43 A s F1 WL BT 3% ( magnetic
sector mass spectrometry ) . & 47 i [A] (time of flight,
TOF) (i 375 LB BF ( Orbitrap ) K fef HLIM- 7 48 £ 5~ [1]
Ji€ 3£ #& ( Fourier transform ion cyclotron resonance,
FT —ICR) &5 & /r BB 3 b o SRR €835 — IR0 B
T (gas chromatography — low resolution mass spec-
trometry, GC — LRMS) — & I T3 #r © WAL 597,
TESZH6 TF AR B B R AIE 25 1 B0 7 X 88 24, ik R
THUHE W, AL BB AE AT R AT . @
P - B HER L (gas chromatography — high resolu-
tion mass spectrometry, GC — HRMS) £ %% 7€ faj H.,
PUEL T THURE J7 5, P AT R 1) A 0 40) i 25 AL
P PEZ SN I8 3 B, #E— 229 KT GC - MS HR
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#Fh GC ~ HRMS &5+, Ak sz g H 12X
O TE — # i 3 BB B B3 (gas chromatography —
Orbitrap mass spectrometry, GC — Orbitrap/MS ) ¥,
GC - Orbitrap/MS {3 H. GC - TOF/MS {5 GC - FT -
ICR/MS XL, REUE B 5 i s e v T
GC — TOF/MS A%, {#s A /N, B 4 47 5 B
AL BRTET R, A% 4 GC — FT — ICR/MS U AR, Rl
1k GC - Q = Orbitrap/MS ¥ MS #R43 H1 DU AT 5 Or-
bitrap JFrie 73 A 35K, He b DUAR AT e 20 A e m) 5K
BURS T E#% , Orbitrap U4 5 20 B R R UK K AG &
IBCRAE ™ o GC = Q — Orbitrap/MS {URL {2
ST SN AEA , B AT LAXS S AR ot AT e R 1 O
Ve TAE T AE R TT U6 Vi 22 0F 5 S04 A 5 R ) 45
ENOE TN EE SN 3 -
BT 2 R R T A

B 2 AR LR TR B R &R, H GC - MS
3 BT THT I 45 D00 Jok 53 52 % e Jo 1 400 7™ AR Pk A
ML GC — LRMS I F 45 AN &5 A5 AR 5K 120 73 1Y
WA A — & W X, GC — Orbitrap/MS 4 H] Jy H;
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SOPAT T, i R AR Orbitrap Jit & 73 M7 6 7] Xf
R AT A . ST Orbitrap R 43 #r 4
L fE , LC — Orbitrap/MS {2+ 0T
1Z A5 GC ~ Orbitrap/MS {4 b 1 i 4k 56 25 B Bt
PR RGWLERARWAIE . A XA E T GC ~ Orbi-
trap/MS {3 J5U L 2 AL HORRR B, IR R HAE B
2 ity 73 BT U ) 7 T AT £k, a0 A LA, B A
SR MR 5G40 38 A Y BN D 4 At B SR A
HARZSH,
1 GC - Orbitrap/MS 5 KRR

Otbitrap Jit Bt 7 28 4 6 11 BL T 1923 4, King-
don ZF2 R H R T L B 2 TROHT UL Y T v —
e 37 Kingdon trap, 1981 4F Knightm] 1E Kingdon
trap FEERS B0 DA RCEE, 42 i Knight wap , B¢ {5 S
PRIBIAE A B T Ay 28 XU (A 25 48, {8 1 T AE BF N A
IHIIE B, 1999 4F Makarov 7E ASMS 18 1 5 P fE
B T F A < e Al 1) 8T 1S LB B (electrostatic ax-
ially harmonic orbital trapping) , 7 FIK4ELE Analytical
Chemistry AT TAE & Orbitrap/MS ¥
T 2001 FEAEE: TR R,

Orbitrap Jiv &g 73 #r &% t 1 25 IE o0 I HL AR
12 A~ A2k EE*&%E}&E““ , B F kA Orbitrap it
SO E  TEA 5 T O R AR F S Y 2 X 8
G5, 7 AR 1 W | 7 {8 7 3 3K H AR S PR
Ji 26 75 )32 3, UK JR) 3z 3y, BT Hh o HAROE % o
Bl iz g i e A E AR B2 AR AR R,
PEAT R, 5 LC — Orbitrap/MS M I £ AR AH 1L,
GC - Orbitrap/MS ¥ % J& % Mg, 2010 4E Peterson
A E UK EL IR A9 Orbitrap/MS X — 4
GC K2, 3RAF 88 10° FWHM (m/z 400 ) 1) 53 HF 3.
R GC = Q — Orbitrap/MS {48 T 2015 4 [a] i,
JREORS B AT 3k 1070, R A KR L R, B
PRI 6 22 0K 42 Z 4 SO 4 3% ( comprehensive
two — dimensional GC, GC x GC) 45 Orbitrap/MS Kt
AT FRAAHE T4 GC — MS BRI 2t S b
AR 2 SRS UE AR TE R RE ) o

H Hi[ Orbitrap/MS 5 GC 1 H], &z 323t 94X 4%
GC ~ Q — Orbitrap/MS . GC ASCKE I AE i 73 5 1
B oy T 23 AR HE MS A, MS {ER 7 h B 1
VR B TR R AL DURR AT SR A g L C BB (C -
trap ) | Orbitrap Jfi Fg 23 A a8 Al BERETE (high collision
dissociation cell, HCD) Wi 2H il ( WL 1), GC - Q -

Orbitrap/MS {3CH UL ¥ J5 A o 2% of ¥ 23 (elec-
tron ionization , EI) 54k H1 257 ( chemical ionization
CL) ,ET (Pt s 2 Fr AR 19 0 85 i il & 5 3 B [ K
FRUERE AR WF 5% % ( National Institute of Standards and
Technology , NIST) 1 Wiley 46 J22 #E47 DL T, PR3 Xf
AW HEAT R I 5 CL AT LAAS 3 03 2 U5 2., H
AT i R BV AT EL IR R B it 2 o
TR T H G BRGNP RE s CT 2R SR T8 Ui, H.
Tl B s E R R IR &Y. M T LS KL,
HEATHTEL BT h gy - 28 i 7 i JEHOR 3R El
A CLF AP RL, I8 AN &5 A FH 25 AR 45 2 A AR o
BT [l S e o i 2 1 B T R R A A
TAEWEH .t GC AN B B4 45 0 T
e B 5 G AR o LA 3 3 A DO ARCFT 5 0 BT
BB R G S A AT A SR AR B AR BR R Y
THRAERT, VOB AT 5 & 20 A a4 2F — 25 0 18 2 1, i
C — trap 5t & 737 A 4 K 0 7 v 4l 0 OmE A ek
TEHFHZEAE T By Orbitrap BT3B a5 WA, B 1
1 Orbitrap 5t 73 M & A [RS8 0 25
THEEAURAT B 752 p R4S, 3 2ok 1 5 2 0l B o2
(enhanced Fourier transform, eFT) 15 2| i &K, C -
trap J5UHE 3 A A [F] I 74 4% HCD 31, HCD b 38 1o Jiti fin
AT R B R SR B U, T4 C - trap
oA fE i E Orbiteap 57 & 73 M1 8% 70 A 15 — 205
BRI, Q - Orbitrap/MS. {5 £ f6 4 1 ( full scan,
FS) #8514 ( product ion san,PIS) | P& %8 1
W] ( selected ion monitor scan, SIM ) 2§ 22 Fh 49 41 #&
3 IF A5 — RS RAE 4G, 45 G 80Uk Homi
S%4E (data — dependent acquisition ) F1 %5 35 JE A& #5114
¥4 (data - independent acquisition ) , J# & 22 Fh AE i
MK . A% 58 T o BE R R LA B R R R,
REHON T FS BRI 58 1

GC ~ Q ~ Orbitrap/MS L& H. 4 AR HEA T
T AT A E i, 5 A GC — MS R R A £
oA el AP S Al B . A HT AL GC - MS 4
AR,HEREM Tz K GC - QqQ/MS L,
GC — TOF/MSAY, HAT v 73 B AT R A7 e RAUE AR
FE RGBT A6 B P T 2 PR T SR A, TT
X AR A G Y AT AR, 7R B3 AE 80 23 A IR & RO
YR E LA . K S 2R TAEM ]
GC ~ Q — Orbitrap/MS {UBAF T AR 22 U, Ho 43
S AUNEE T B
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Fig. 1

GC - Q - Orbitrap/MS {X & #1&
Structure diagram of GC — Orbitrap/MS

2 GC - Orbitrap/MS R 7R a5 7 1 89 Bz A
SR ah i 7 e i BOBCR K 2 WAL

TR IR i Z A °] A 0 Jo 40, O AR E

R 7 ik — H RO R

i i & 2 41 70 B8 J1 Y GC — Orbitrap/MS £ AR 7E &
s RS A7 M HR B BT T 5 % R S, 9 R T
UK A R AR TS BRI KUK W) S5 o) B
L ERE L

%1 GC - Orbitrap/MS K ARFER &5 7 5 B9 R
Tab.1 Application of GC — Orbitrap/MS technology in food analysis

S, B [GIpe AL X A AR DT E =BG
(field) (sample) (pretreatment ) (ionization mode ) (scan mode)  (database matching) (reference)
KR (pesticide i AEZERIME QuEChERS EI FS NIST 14 [21]
residues ) (tomato, leek and orange)
BFEE QuEChERS FS, SIM - [22]
(cereals and feed)
BILE 5 QuEChERS FS HABHRE (sell = [23]
(baby foods) built database)
B R APEERIE 2276 (cucum- AP 585 (mini - Luke) FS BB (self = [24]
ber, lemon and broccoli) built database )
R VE K, AL M B %AF QuECKERS FS PRUERE FE (stand- [25]
(banana, watermelon, pear ard database )
and strawberry)
WEE T (vegetable and fruit ZZE5LUE5H L [ multiplug filtra- FS A R R (self - [26]
juices) tion cleanup(m - PFC) ] built database)
TR HE SR A T iy (rice,  BAHZHICEE IURE T AL B —4CHL s EEBEE (self - [27]
tea and other agricultural ( integrated solid phase disper- built database)
products) sion extraction sample processing
machine)
FAMAENIGEY  FYiFEERL(cow’ s and RICHEH BE B 615 F my El full MS - SIM, - (28]
[ persistent organic ~ human milk) RO AH 8 13% ¥t Ak (Soxhlet ex- targeted — SIM
pollutants ( POPs) ] traction, gel permeation chroma- and parallel re-

tography and HPLC purification ) action monitoring
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AU, R Ak B CiN= ik A AU E =BG
(field) (sample) (pretreatment ) (ionization mode ) (scan mode) (database matching) (reference)
#§2%: (sea cucumber) QuEChERS FS A B8 5, NIST [29]
('self - built data-
base and NIST)
At (tuna) TRV AL, BE L1515 (1515 FS - [30]
( accelerated solvent extraction
and gel permeation chromatogra-
phy)
Wik (milk powder) TEEIEFRIALI, BEEE ki - - [31]

(accelerated solvent extraction

and gel permeation chromatogra-

phy

A s, Je b S A A I A -
Hr 4% &k £ B [ chlorinated
paraffins (CPs), short — chain
chlorinated paraffins (SCCPs)
and medium — chain chlorina-
ted paraffins (MCCPs) ]
firf: 41 (salmon )

GO IR/
[ electron capture
negative ionization

(ECNI) ]

OS5 751) A BRI N HE 3244 25 B FS - (33]

( accelerated solvent extraction

and pressurized liquid extraction )

fi:£f1 ( salmon )

JISEEVE ) AE HOR IR T 14 26 B FS - [34]

( accelerated solvent extraction

and pressurized liquid extraction)

BLR AL ILZE F (infant s ) ZE BRI R 3 PR 26 TR Fs - [35]

formula and baby cereal )

( accelerated solvent extraction

and pressurized liquid extraction )

KRP B (flavor PALBEPS (rum ) o023 AR B[ headspace sol-  1EHLFE5F[ posi- FS NIST 2014 [36]
substances ) id — phase microextraction (HS — tive electron ioni-
SPME) ] zation (PEI) |
578 A% 537 ( Chinese bog FS NIST 11 [37]
bilberry wine)
22 (roasted mutton ) EI FS NIST [38]
AT T 0L PEI Fs - [39]
(blueberry wine, goji berry
wine and hawthorn wine)
AEAAAE Cnongrape vine) i NIST20 hdl

7 (note) : QuEChERS. R i P8 JRAT AR 058 L2 HTALFE 77 (quick, easy, cheap, effective, rugged and safe pre — treatment)

2.1 iR B A 2022 4E 2 ] St
GB2763 — 2021 £ i H 4< 245 5 Kok B R ) ! v i
SE T 564 FHACZGTE 376 Bl () £ AR 10 092 T
RIR AR WOHLI) GC — MS e 5% 25 8 ] QqQ — MS
2 507 W IR 1 4, S AT AR S 16 A0 # , 24 T
P | EH ARG P AR, b SRS I 5 3k T I
—E MR R YE. GC - Orbitrap/MS ] 3% 4 4x fi 1) 1k
EWE B TE S L T T TR R AR 245 ) B 97
T 0/, A I R AR Mol 45 v fdi
GC — Orbitrap/ MS{UR I 55 54 FhAe 265 5% B8, 140
PEAE T EL ) GC = Orbitrap/MS 4185508 F TR
AR B IS0 T RE 7, TE B A R S ARV L

PEVE  RBUE A S YU B2 A4 i R o i e
SR, I8 E NIST 4048 22 n] 55 B GC - Orbitrap/MS 4%
HIEALE Y. Garvey % JF & Rk b 167 AR 2571
ZRIAIE AT I F8 H3 GC = Orbitrap/MS Y
HA GC — QqQ/MS {3 =y iy R A5 B2 5T 2 E 1
Ji£,60 000 73 #EAR BN AT 3145 5 QqQ/MS FR G AH X 11
RMELL , Sy 7K SR B SR i v AR 24 5k B 1) 7 A 4 it
THA GC - QqQ/MS U R 1T REL

Bl P ) ¥ A A, RS R T AR $E AR 43 A 1
A RN, AT O VFAE AN T 20 B B 1 O T A
Kb & Y)., Vargas — PErez 25 4351 Ff GC - Or-
bitrap/MS # [m] FIESE W) J5 ¥, 4545 NIST 2.0 S5k ft
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B S PR TS Y W R, A K R Ak 2 £
BRER 3T o BRI D7 A AE 14 A B S BR A DU o i
A2 12 Fpofe 2y, AR 0] J7 WA IESE R IR 4 2R Ak %
JE 22 R A A 24, G pa I e ) bt e 2% ) A AR
H ) ER s R A T R i — 2B R GC — Orbi-
trap/MS 48— P 24 88 o) 55 BE 1] 97 2 19 58 K
TH B BB AR A R S P AL 2 254
2.2 ERPEREAEAYIS YR POPs TEFREE
WS iR, B RGN 7 ik A AE R X, GC — Orbi-
trap/MS {CAT R BRGS0 PEAR 5 REUE & TR
i POPs 43 #fr . Hayward =B 9EH GC - Orbitrap/
MS ] 8 55 KR A il ot 3 %o 2 4% R B 2 v i) U
(polychlorinated dibenzo — p — dioxins, dibenzofurans,
PCDD/Fs) 5 £ S Bk %< 25 ( polychlorinated biphenyls,
PCBs) HE{T 18 43 BERLIN . Hh 5 % 58 3 GC — Orbi-
trap/MS SO0 2 AT AL AR 2 22 38 05 12 (poly-
cyclic aromatic hydrocarbons, PAHs) \PCBs 5% 10 K 2%
289 M HLYG Yk AT S i B A, 1 IR S TP G
9 -5 5 - FUE 3 - LB S LS bR A
Xof W 82 PR 1=, AT )32 0 2K il e XU 0 5 )
H Fr 0 A FKE T 2 52, Wickrama — Arachchige $:f50
41 SR GC = Orbitrap/MS {52 % /8 PAHs 7£ 4~
[ Rh2E S P Y B A H 30 A5 A PAHSs 21
TR A PAHS , 7EAH [A] 25 A0 1) i BL 22 R H A 2%
B 2 WA B P Y 75 Fpa A PAHSs FIREAZ
ik

i g 3 2857 5 BHAA 57, SCCPs 1 MCCPs #¢) 12
HHF Y. O - TR 1 -
& HER i (GC - ECNI - LRMS) J2& H Hif & W HI Y
G3 BT 5 AHIA SCCPs \MCCPs Je HoAth 22 p A 15 44 )
BRI TR GC AT M MS R EHEE | E i
FRIFSS 285 5 LT 35 AT AT H k. Meézieere 451 L 4%
TAN[E) MS FisE 07 120 B CPs 136 I, 12 LC/
ESI — Q - Orbitrap/MS { ,LC/ESI - Q - Tof/MS 4%,
GC/ECNI - Q - Orbitrap/MS ¥ 1 73 A AH [6) B8 K 7
CPs X B ity , A [ 43 288 v 7 A5 5 5 0 M 45 SRS ], 6
BIAE 20 A1 ARG 25 SR I 5 A e S BGHA T 4 T A
&, Kritschmer 2 5% B GC/ECNI - Orbitrap/MS
ICRAWTTE WAl BE 5 A 9 SCCPs 1 MCCPs, 7E
60 000 F11 120 000 FWHM ( m/z 200) 43 3R T, ECNI
HL AR CRETE — I A 4 il vl fe £ P Bir AT 7 CPs,
T3 125 5 IR 2R 9 5k o400 )t LAz HAth b AR5
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TN, BAT R AF AR RS % B A #E5 2019
SEEAIE— 240 i T B E i3 b 133 fykfa
HH5 CPs PCBs FIZNIRFF+ ke i35 K F AT T
H 532020 & A | GC/ECNI - Orbitrap/HRMS 1% 43
By 21 SR JLTC 7 Wik A 10 Fhis B LEE R
CPs ffFAERE L
2.3 gmaREENT AU A E
FRAR L B AR TE , A ARk A F
S TAE ) R S R BT R TR A
U FE e R 2 M O s i AT IESE . HT, GC — MS
I T Wy v A U oA 5 M e, AR
F GC - Q/MS X7 [ GC ~ Orbitrap/MS X 15 5§ 55
TR, BAR T 5 W Lo i , 35 R AL & P i)
I PAEEs e A A = B 31V R R e T DA 7 SNk
JBEAHT 2 58 . Belmonte — Sanchez 27°¢) gt 57 T 3t
TS A SR IR~ A 3 — = PO AT BT
(HS = SPME - GC - QqQ/MS) [ % fia) 1 #2172 53 Hr
J7i ] GC ~ Orbitrap/MS {USUIMNRAIE , 4515 272
SO, XS 33 FPOAS [] i R BT ARG 4% A  E JURE 2R
VR s A 28 BRI R I [R) AT T 0 2K, TP R A
[TNCTET=00 T S S TR L - A SE LY & e ey
Yy ; O B I E]7E 11, 8 min (Y459, GC - QqQ/MS 4
TERHMUE -5 - F 3 -2 - e i, GC - Orbitrap/
MS J3 b7 %25 by DU SN PR — 2 — R, 3% HLA A [
89533 RS Jo e R 2R AL 35 14, i P ) 32 8 DX
BT HE(m/z 55 ~60) i) oA, A 48 58 5 7Y 4
ML -2 — AT, = 0 HERad BB P23 (high — reso-
lution filtering scores, HRFS) i 100% , GC — Orbitrap/
MS 73R BIE T GC - QqQ/MS HISEE LR, Lin
25T R GC - Q/MS il GC — Orbitrap/MS Z 0407
T30 5 A SR 0 SR AR A Ry R AT TR
BT, 23 50165 6 bl 45 114 25 34 oA SR o 99 1 49 Rk
TER) KRB RS P47 %€ o GC ~ Orbitrap/MS
ASCHS I 21 gl 1= = T R 55 GC — Q/MS SR A H 194
5, E I AT A 2 P A O D o L 265 I
¥ H] UPLC - ESI - MS/MS {Y#ll GC - Orbitrap/MS {¥
SEPURE S ST AT A BT, SR E 24 N
252 488 Fhfig24 , i@ 1 GC - Orbitrap/MS {Aall 3] 67
FPI7 ALY, AT 13 Bl R 1 W T B o %
PR P R AR PR

PR AL B B A E A P ) T S B GC -
MS Z5 55347 . Liu 227 fdi Fj GC - Orbitrap/MS {¥ %}



JPA, zwmswmz=

Chin J Pharm Anal 2024, 44 (1) . 7

PER AL p AN CRTUB T S ivalll Bi o RVANE Dt S ]
H 76 R K AL G W E BB i, SR AL o Bt
JoT i Vel ORG B B9 F F R  AE O 3R B PR B 48 4 CAS
H AL E BRI E S BEG R, JFaLss
G5 A HRMS 588 2 2 %5 17 16 Rl Il i
FERMER 7o HTT, NIST Fl Wiley 85 45 2040 2 K
Z &ML GC - Q/MS {7, X GC - Orbitrap/MS
G SRABT A — 5 5 S0 B A AR e R e A
A1 GC = Orbitrap/MS {{ A1 GC - Q/MS ¥ Fi% KA
[ % o Liu (%) 55 — A58 5k ] HS — SPME -
GC - Q — Orbitrap/MS 3 [ii] Fsf i) i i 25T | ) AT V2 A0
LTS P 12 b A LT g s i 4% S ik
B4 GC = Orbitrap/MS %K 5 H GC - Q/MS Y
AT NIST 20 Ftis PEARE BT i KA S A [R] - 7 4 -
O EER BRI Y HRMS 35 [ o R A I 3 m/z 33 ~
60 [HiF f, 17 LRMS 3% & 41 % m/z 33 ~ 60 [y i
F 36 — T—WERAY HRMS 3% A1 LRMS 3%+ m/z 71 Fi
m/z 99 BB F XA,

3 GC - Orbitrap/MS 3 ARZEZGH 53 #7 H B KL A
3.1 Ak Ao AT AR A R 2 ) o A
FERI G [R] T, GC - Orbitrap/MS {HA & 3 % 5
BT 10 O RTRREE, 45 5 B B SRR B B
B PR | 2 R A PP R e 24 2l o A
RSP )i % . Baldwin 252 ¥ K PEAE T GC - Orbi-
trap/MS (L AEZG WA 58 b 938 FE M, 3038 T 7€ EL i
CL T FH T2 Jot % 5 1) o1 s K 32, 45 SR 3R W1 Pl A 8 ff
JRE I (S FE(E 2 < 1.1 x 107°, GC - Orbi-
trap/MS {3 BE 5 43 PR3 R L, X T e 4 B T
TR I A% B ) S, 78 1 M | 2 /DA EE 10 1K
B R AL LASRAR W 2 8 i AT T T . S
i CI 4 % F 15 000,30 000,60 000,120 000
FWHM (m/z 200) 73 #E5E T 7087 2,6 - 50~ (H
B 2.5 pg - mL7) | PPAGIE RS B SR
A B, 45 5L 22 W] R ff £E 120 000 FWHM ( m/z
200) ZrPER T o v] RAT 2 65 1 4 H U B, 1 RS 1
HEFR S . EAMTE 60 000 FWHM (m/z 200 ) 43-HF 4%
AT R R R R SR A R S AR
HZE <0.3 x 107, XF F %A M E g o a0 5
Ay H 4% 5t GC = Orbitrap/MS {3 AT) AT ¥ 5 % 531
Kee 2% SR H GC - Orbitrap/MS {853 #fr £5 g — B XY
M N = A — F % ( N - nitrosodimethylamine ,
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