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Abstract: Brown carbon (BrC) refers to a class of organic compounds with strong light—absorbing
capacity in the near—ultraviolet—to—visible wavelength range, which ubiquitously exist in atmospher-
ic fine particulate matter (PM,,) . Apart from black carbon, BrC is recognized as another vital
light—absorbing constituent that significantly modulates atmospheric radiative forcing, drives climate
change, and poses adverse threats to human health. Nevertheless, BrC possesses an extremely
complex chemical composition and highly variable optical properties, resulting in a wide array of an-
alytical techniques applicable under different conditions and in different scenarios. This review sys-
tematically summarizes currently available measurement and characterization technologies for BrC in
atmospheric fine particles, covering three core research aspects: the measurement of BrC optical
properties, including light absorbance and fluorescence; the physicochemical characterization of
BrC, such as microscopic morphology, bulk elemental composition, and molecular composi-
tion; and source apportionment, involving primary emissions and secondary formation pathways.
Particularly, we comprehensively summarize various mass spectrometry techniques, providing de-
tailed discussions on their performance in chemical characterization and molecular identification of
BrC, the correlation between chemical composition and light—absorbing traits, as well as source ap-
portionment and quantification with mass spectrometry results. Furthermore, this work identifies
prominent limitations in current BrC detection and characterization techniques and presents several

recommendations for future BrC studies. The proposal covers the standardization of BrC analysis, in-
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cluding unified extraction solvent protocols, the development of certified reference materials for
BrC, the usage of consistent/identical light-absorption parameters across studies, the construction
of integrated multi—technique analytical platforms, and the incorporation of artificial intelligence
methods, such as machine learning algorithms, for BrC interpretation. The comprehensive over-
view of BrC measurement and characterization methodologies offers clear methodological guidance for
the atmospheric chemistry community, explicitly pinpoints future directions for subsequent BrC stud-
ies, and provides solid scientific support for an in—depth, holistic understanding of the physico-
chemical properties of atmospheric BrC as well as its corresponding environmental, climatic, and
human health impacts.
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Fig. 1 Techniques for detection and characterization of brown carbon in atmospheric fine particles
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REC WU REESEG WANE TS B S5 B0 RS S TP R A S IR B, JRISOG T ok
UEAHSCHR o
1.1 BZ&NEXFER
1101 Rt WOBPERH IS 2l e J7 i o AT WO (UV-Vis) 4meEd, Semmsi Hir
I EROIER 2 (Agilent) Cary 241, Bl UV-1800/2600 25 . FEER K (Thermo) GENESYS R34
A KRR R AR (AK . ARG BT ARBUR B ALy, B ARRURE T
e rh, MR B KTE R GEE A 200~800 nm)  PIRIEIRISCERE . A TTIOEHE BT LA RS S
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Iz TR A G L R BrC BEAT AL SRR . RIS WESY, &5 (Shimadzu) RF-6000/RF-
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P55 L 43 W BrC WG TR
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HAZAPE T 520, DTS5 & 28 7A] DLYG YGRS Al Kramers—Kronig 2842, 3845 17 M 200~800 nm F& % B
AT, I SR TR S BrC ARSI RS 27K T I R SN R T SR

USRI AT (PSAP) H A B ORI & RE ), W X R B FP 2, REfB SR I JA ik
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AFERS RS HCEER (TC) . OC, ECHIREM—ZPE R iF: TC 5 OC I F-¥ 22 vl ¥l 1E 5% LAY,
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Table 1 Comparison of performance parameters and usage scenarios of selected online optical instruments

Instrument Name Wavelength Uncertainty Limitation Application scenarios
T i . 100% % rHIEJ'J]‘l
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T £ - nm) ., 9PEC AR 2 o g I AR 3 i It
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ek 7o L o o 12 ~
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CRDS (e ﬁﬁgfz”iiﬁg SRR R B, R R T R R R A
TGy o nm=y, % (+ 6]y YAGETETICY T T Al e
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A 5 WO g e gy SOV SR
PSAP (HLIBTRLAN BV BRI 15% ) B AR I G R
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FIT X 5%
\ ) AL A 5
ephelometer ({4 N rm'rllﬂ R R - N N
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- Wi oz A
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&, BEREIEAT BN I THY OC/EC AT INE ', FFFI ] 8 it 53 BC B BrC BYETTRR . Chow
S5 U0 R 2 0 B o TSR BILE I 2 KOG RE SR R BC A BrC 235, AT H] L3531 234 BC Al BrC
R . ARAIXT 2 P KIOE T AT BORANT 5238 0T 2L SRS AU AT BrC 5 ECHYTTHR, T+ OC/EC 7>
S HERRTE
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Ne2E ST T BEHR 55T BrC 55T SR RO 0 IEAL o S URNERAE BrC R RUE . A ppLE] . Ak
P S 5 HA S IR WA EAE bl B BRAL 22V R AE 71, DO . TR A IR AHI
53 T2 RS J7 TN BrC #RAT 2 4ERE 0BT . IX 2807 158 DLURISCRAE S A R A R A% ST i e
SRR, (RS ARSAT F BNt BrC IR0 3 B RS AHA L AE
2.1 BEWBRERERA

HLBE T2 I BHOUR A B 6 B S B R BTSRRI . iAo Al . Je R A IR A RS A TR 5T
A ES RS (SEM) FIESTERAS (TEM), SEM ISR a0 B IR Re S 210, 18k ke
T BHUOT R FEES G, T LR RRL R ETESE R, TEM 0 873 0] DUSESE # A al 8d%
PR L 23 ) 4 R B L {8120 Alexander 25 ©% @ ik TEM ) H 55 23 ) 43 PE R () s F-RE B il (EELS)
B 1 AN IR O ML BN I 2R R ER R IR 2R, 312 H K BrC RIS AR SCVE F 4 N S S it da
BT, Hossen %5 ™ R IITRXS BrC 4 SFITE AL SR, R 7 & S R e (FESEM)
LEARER OB X SFTRENE (EDX), XFEyZE5E BeC R T TSR 2, FRoiT T RIS R A
RCRAR . LI, AHNTES . RESHFLRE NS BrC TE RS A BB £
HICREMT RN, HORE T RE LA B R b A= 1 Tk )%
2.2 IERRSFAEMKRIE

R S PR BOERR (HR-MS) MITFE RN, RS (MS) ML 2 2 A1) BeC 4y
T, MAWRESEI > TP S . BE T RS HOR BETT 7 T2 AT iX — %0, 5 AR AR A B3¢ H
AR E YRR, SEDER A R S A EI L A Bre MRS . DU DR e i B T B T o
SE, RTE T HER O . OO | e Al B R H At Ak A AT A A DU R I TS S R AR,
BARMUESEILFE 2,
2.2.1 B&aig-REEASH

38 - R I R AR QAR S AR - BT (GC-MS) . WA - (LC-MS) %%, GC-MS ™ Jt
TARER, WATFITEAS 1) BeC AR SHAESAH €0 R Hh DA b s FOAR PR AN IR SEB R R0 8, S Al 40
FEAS ] 7 O R R B T a4 A, @ TR BRI R . PR E TR ALy s PR -
- (Py-GC/MS) ™ 5 J6iE i WE N S iR AV BrC 2 5 Skl /Ny %, R4 GC-MS
SEPEI & . LC-MS ZEZR R n R Bre @ il AE I, SAE (iSRRI 1) 22 S A T o i,
B B R T E , E AT I BOR , ek o R TS 5 SRR e LU AR (PDA)
254 (HPLC-PDA-HRMS R4t “* ), BEWSRIP LA 4350 8 . RAMT WG i SR 48 LUK o il e 1
HoAts 3 FH 5 AR IEH HPLC-DAD—-Q-TOF-MS “*' | UPLC-ESI-TOF-MS ' &% | W Ah#k AT 25 245 B i
nIfEBEIE B E H A, R IR (NMR) . X SFZOGH FRERE (XPS) . 44N (FT-IR)
S5 Wl FT-IR 15 2 B AERIME 8, 2 Hossen Z5 ) 38 i 38 50 42 52 5 B - A8 40 21 4 i (ATR-
FTIR) %7 4Ny BrC B RS TR, & BB B RER AL . 7 FR LY RIS 5L, %071k
BT 7 ATRESL, BRI, BRI TSR

X0 T — S B FH 10 JR) PR PR AR 00 R A AR I % 5 1 L e, A — (0 B SR AN RE e
T BrC M AR TS, I HARB TR RS, IR B A ek T e A E &, H TR TR ) 2%
B 4 S BT RE i R sk . I, LC-MS 5 GC-MS i@ ] TWFIT s & 250000 & 40 BrC AL &
Y. SR THER E B R RIS I IR, (HASIE H TR R BrC 2H 43 1 A TN RE -
2.2.2 BERBHERIZHW

PR O ARG B AR Tl LR R (FT-ICR MS) Ak &5 7B /AE B Bt (LTQ/
Orbitrap MS) LLK RATHIEIFTHE (TOF MS) &5, J {2 M H T HIEWM . E25507 . Ay S E 56
S, AT TR ARSI E , 0038 i YRR S R AR i 28 2R 2 TS 15 B A WL AL 43 73
&, ARG IS PMF 457k A TIRARAT AIOR IR, B30 45 O (00 e i SR P U0 B Wt
BrC. Al il ) (1) 2 B2 1) A s S e B Al Forp FT-ICR MS DL -l e 2 4% 25 7 BEVE b o &
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EEEDE, AP BAE S PRR, B S REEY 2 T 12 mEC 8 %10 BrC kil
SN, TR EATIRE B 1 ppm BAN 7, BT IR E 2 F30 Orbitrap MS 2T §5 LI HE PR
PEPR T E A E il , TOF MS BT I B A B 1 CATI o) 2 5 58 B 8, X WIRh i a5
SRCEARARE (HPLC) B B, DUE BTGl A HLRIERE (0A) BiRHIBrC,

FT-ICR MS % 5HBIZ & IR (ESD HEH, FEMEE TIRE TG BN &k B I e
WSS, 59 B PT A & - U MR & T ez sl, P2 AR 0 WS 5 R 3 3
ANEE TR REE . ZIrEC I TR P R Y S AOKE A P A HULLS »
SR RAE . B0 Lei 5 7 4% BrCHE S S AH AR B (SPE) Jf H BRIk 46 5, 78 003 PR Tl
FT-ICR MS#FATCRERAT , 45 G e ARRIBOEIE T T ASNEDRIE T BrC £ NO, - AH AT o FEEb S
R AL, KIS ARG IE R BeC S 77O T (IRl AL &8) , i PM, R 5
BRI R AT A A (CTC) WREREBEIA T S BOROG B F#AIK. Han 55 Y & RIS TIRIS
SRS OB AR 5T LB Song 55 4 TE53 )2 UM HREXA URL o 28 R 78 0 64 T R4 IE 20 3 i A TG 75
9. AT # S WA B 1Y SolariX XR FT-ICR MS (Bruker Daltonics GmbH, Bremen, Germany) , H
FLEE T RARTOE . STl shls A, WmEA &SRR, 7Em/z 319 ZbH 25T i &R 2%/
0.2 ppm, FrESHEFE KT 450 000,

{HER T ESI B BRI AL S 3T 5 Ak, WTRE St ImJERR R s F 99 &b &% . T R SEAR
FHE (APCH FIRSHEGHLE (APPD) HoR, BEARHE Z MRS ESFAIY, (B XPiFhTT
TR B HARARYE 70 & AL R S i, TR 2% 8 A R e IR T4 S,
Liu % ™ 4557 6 s g A8 LUBE R AS R R AE &40 . BUAINA T AR AR B R ol RE P2 AR T 45
TR TSRS, A SO FE 5 A R — S AR AT FL S (DESD) ' B4 I - FEE S AR AT HL
1% (nano—DESI) ", @i 554k a0 LA SR BEA TIE ST AR, A v W 78 e Al U A
HT RBREFINMFEAR SRR . %R EEAE Y sE A4l i) 2, T RER
REEOWEST ', (HAHES T ESTHN A, FEFLAE EST &S T 30628 57 L F% 1 43 P B i il — 2% o i
TELE AR S8 J7 ME LLIX 43 [F) 43 SR R AN A, 8 43 FR B o 3 1 R0 BrC 443 & B . RS 52385 1
FELCARE, HANERR b A s 7 i i35 .

2.2.3 SBRBRES

2.2.3.1 AEEHEXRI BRT LR TR 2SS aPER g LA, —2R& 0 1R TS A
PSIERETE (AMS) Wiz HF R, L&A e e re . ffide . Kb, W
BARGE, MGl AT RAAEZMM . FET X0 OA BB oe i 44T o, B aisch i H PR &
R 321 Aerodyne 23 W] 1 /5 43 HEER KATIN )AL BTIE (L (HR-TOF-AMS) FIBBRTHIIEL (SP-
AMS), BEANEE PRSI (Q-AMS) DL B2 A R ATH R S ST (C-TOF-AMS)
%, MBI T EWENSPEREAR. AMS U] LL4r il F T 7L s 26, AEZRAsil ' o] HHE 3R R
SRS GRS, B SPERER IR 100, 85 H TSR0 E SR, B fA
TS o AH H BRI HAEZE AMS S0 AT AR BrC PR B RIEMFFT i . 855 7 4545 =i KOe R B
JEREETE (PASS-3) HI AMS Xf 4 e B EB R SBURL Y 72 LI I %F BrC EA TN, 452K 7R BrC 7E 405
nm R AW IGTTHR S 514 9. 8% F1 22. 3%, 1 HoAE 532 nm YW GTTER S 904 5. 9% F1 15. 2%, WE—Hr it
WA A o B R ISR A K T RO BTk 2 o0 2L

2.2.3.2 BAEKEN ATHIFELZRXTBCHGEE, FH0ERFIH AMS #2658 ) it 45
JU/NIF B LR BEATHEAE SR, 107 1A I 8] 23 FR SRR nT BEA T I 1) A AT AR ARSI . B AMS
5 A0-0T WO RS B vk B A G 2R G 4 A — PR A R T i, W T BT PM SR B I de it
BrC HSRIERLS (B E o W55 /-] DOGIEEL PG N AMS i B0 3+l PMF R MM He A, T LLH E
FEREPERRIR (WS-BrC) 253 MUk il /3 AT BRI R 2 (MAC) 3 7' 1 Moschos % ' 25 45
UV-Vis LR 26 AMS 08T, WF5T 1 5 B2 R S0RE i WS-BrC ORI DL AN R RIR W SE TR o
PLABSL s Jiang % 7 FFH AMS 456 UV-Vis XA JEMEM BrC AT 5T, & BUED TR G S i€
ARAFPRIGEFNET IR NNMALTE BrC M BR IS, BB TR KIE HE A IS (WSOA) X WS-BrC
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PG TTRR I, SRRl B A (e DT R EE B . IV 7R AV IS I R R P AP i v
X, BrCARIRAESIAAEOE I EA G5y, FFotil s AR EHMIR PR IR AR A, . H2 A0 BrC
W IGRE 11 5 A ORGSR A G L = 8 5 Y, Chen 28 1) I FH AMS 254 A 2 HE AT 32 E R F 5T
R M B RS (HPLC) AU 7008, HECFIE RN S, 456 g1
R, X BrC & A BETT TR AT 7

SR, 2% AMS £ BN T /KIEERURIA 00T, X I BANE TE Y AR SR o B X — =)
B, AR R e i 2 B S vl P SR A LIS R A T AR R Y SR SR S BEN AMS A
M, g5 RFHAYAE FISLEU OC F B R 3 i, B i B (55t o s mirsgdR 30 DMF U ]
R AR I AIAE K VA DLBR I B BHA R o 1% 05 185 R B ME S FE T e A5 80 B A AL 3R B e iy
SO A WU R I = B . B AMS Ab, 24 AW 5E b BB ASORE €00 25 4 T o PEER TS i
(TD-GC—Orbitrap MS) " $2486 T 55— PR RO R . %7 7580 TV ISR A Bk 1) 8L, R AR T
AR AR EIE R A AR, TR I T PR CC-MS J7ik i B Jg T seyuEl, ]
(i) e A A ) e 5 ) R o DRI, SRR ES 46 AMS KGN T 45 S HBERE (TD) AR, LLE ik
BrCo FEZKIAETE OA I EEEC PHIESE . Afsana%s 70 FI| ] AMS 854 HAbAX #%, Xt H ZA~db 08 Sk SIE
e ARSI OA BOBFIT B, ARItE (ALHGARKIETE) OA B AMS Bt 4 fifE B & 55, HARK
PRI RO B TR . R, B AMS BORTEIL 5 77 B H AR 44t )2 77 R R AT
WEI, AKEEAYY S5REEA YN TS H S e 255, R E B A R E O ERAL T BRI
HelF. HeAh, ZEE UYWL TSR WSOA ., MSOA K AEHFEEE OA B AMS Bt (7 B 255,
SRV FHE A AR o DLESE RN, ARSI 2R s 26 AMS BT JE /K VE . JEH S
P At A LI FIAS I AR

AMS Hrig i e e MUY SRR AR TS AL (SP-AMS) 5] i) & &5 vBC UL T FF 2 1) Ve 40
Fig 7, B T BeC 4> TR IS . B H HR-TOF-AMS 5 ¥R 242 Y6 B i (SP2) By Th
fiE, BEREACIN S &y, WAEKIMIMEE A/ Wtb e sy . H SR 3 R . SR RS
WL 22 25 S J1 2 B BRI R A/ NIRE TR, 5Tl S N B T RATE . BRI e 25
SEPURE CATHE, nREHAE ITE MR aEAR SRR . AEBR o RATE S fE,
FEAESE A 73 0] P K BRAE 600 CHAE TR, BlJG 2470 eV L35 1 v i3 5 16 N RA T 1R) 5T S
(TOF) RGEAEi, i rBC K HALE Y SMEE A5, M SP-AMS AN B 2L /MM & o Ol
24000 K) 54k, SAHSFE RS EHEITRI . BARTCIR I ORI BAR 1k 22 i I A5, H
SP-AMS 3R BEME ARAFURI D RIAR S0 AT, FF 20 B2 M o WA AU E — 545 31 = 5 00 SRR A5 2 AR e SR U
o 0 Xie 5 ' FI H SP-AMS J45 45 2 a5 B, ARt 4223 A A e SRt A 2 B 7 1) L
FIEREER, AL EMMIRES SRS BC G 38 5 2l ok g #EoKg),
BrC 7E 48 /NI BRI STRR AN 240, e P SR R R R I DT IR IK 48%~55%. SRTT, AMS 1) Ja) B [F]
FEFFAE, ORI 7 A0S Bog ek, IR RS Sk, 35 5B AMS LUK A 5 4
S, W MSOA B HAtAE K IETE OA B4 % 258 5 2 RIS 5 T4k

AR, WEoe &R B RS S R B RO, EE T BrC B T4,
RIS . FFHRGEEY . 2R EY . BRZSE A SR M A% 1 B sbe |
BRBE . AR be 55— IR IERL ) A1, & 28 0 PR RE AR i T 6 BeC, 0 AL BT 1 <A 4
b2 R, Y, SR IR A RN, N B X FR T R I R R 4 ) e
PR, RN T R BrC A4 e RSP T RES AR B . #5458 IS 1, TP SR = A &
RN SR EMIGE T E TR CIAEY) SO GE F A ) LTS Yei AT B 4008y 7L 4-&
FAaUAE: %) H5E4H (OoH A hESAYL=ER30E) SINIMIEE, ERERNLRKIE .
JEHESME (HOEEms B ) B pH (B F PGl ms 58 E A SE0, Ff40 R R s 1) SRAE R BV, 38
it UV-Vis LGS AT 6P RGN o A [3) S52 2 B 1) (4 35 3 1T 1 ) SP-AMS S5 iR, 25 4kks
MG, B K ENEAE (aqSOA) HIfb2E G R R Hs Ay ;. o] F LC-MS #Ef 540 T
JZHEAI A QIARIENE ™. 2R . AAARE O SRR o SXE ST IR NN BrC 1




10 SR AR (http://www.fxesxb.com) XX B

SR T A RGRE; AN, 2K SP-AMS 55 GC-MSEXH , T AR Bk 24t R 41,
8 SOA AR I M 42

D Pump
Laser
(A)

Optical Adjustments Coupling Optics

Nd:YAG
Crystal
Pump
Chamber
; AMS Chamber
Aerodynamic
Lens Inlet 4 Chopper TOF Region
Particle C'° ' >y J‘ 'R e v Horizontal
Sampling ——ssyieie ST LI e el E j lonizer Instrument
Inlet j Particle Beam I ‘ Chamber | Axis

il Optical Adjustments
CCD Camera

lon
( B) Extraction

Qutput Coupler ;

Optical Adjustments |, -|-

cco Camerai L[: | /=N Laser Beam
N\—£onizer Chambar

0 Electron

cnagt‘lesr Filament Coupling Optics

[Turbomolecular
T————71  Pumps

3 SP-AMSAUERIERIEE b1 PR (A); BFRRLFARRILNEEYE (B) ™
Fig. 3 Schematic of the SP=AMS instrument, viewed from top to bottom (A); cross—sectional view along the particle beam
axis (B) ™"

R AR NN TR BrC At VARG I B, (8T o F 2 o HAE il fb i #e . ARmr, 22
NI ) ST i 0 R B B RO R & R 41, IS/ T45 R 5 et Sl i)
KR, LGSR, BT R Z # & R TR >) (ML) #) BrC 4 TIR
i) 55 W% 1 T A J7 1 . Hong 25 Y 8% R F FT-ICR MS A I B 5% PM2. 5 FE 5 v 19 7K 128 M 2% 068 o e
(HULIS_WS), RHHLEE 24545 SMOTE B, #5 HULIS_ WS IR SWHIWRILER (Abs) ZrBELE] Ay
T, R SRR RS Ty B G 254 Reaxys BUE FE P (094 FUOGEIE S 5 RE_ Mol L7, 4y
FHETTEREE— R E T REM 2%, LB T M F RIS o) e BIHI . teAh, B
2SR 5 Shapley f# R /7 ik (SHAP) FHZE A HEFTUOEPE R ), sh it 2% G HIREE . 7 F451
FRAE 56 R B ) IS A5 56 2, S T ORI T BeC OB EER T . 353, Huang %8 ©
YRR PM2. SEESHEAT T ARG 0AT, RN 2T -BEYLARAR (ML-RF) SR e SO b,
I FEHLARAR ) A B P F8PR (IncNodePurity #l IncMSE ) PEAL BN 50 T3 YEW U BTk, IR H 31
FhOCERE BrC 231, FFIG/R T IR FEARRIZET I MRIE . MLESS IR DUH 8 BrC 20 1. B
HECVAN BrC SV BB IR R, A SR T A 1 . (BRI EE S B, ARk
SO EE R R A — [RIEE, ALEss ) S BRSO ZR B s 0 i & 5 S, LA BrC
TSy, BRIEARR R T IS P E A RS, XD R AR T 225 B0 ) &,

3 ASIRBRIEMNT 73

FEEH AL, BT ARCE S E Bk R AL ME &7k, wIkBORERG B2k
TURRERSE . T RSB IAE R, vl S P2 AR BrC A TR IEARST , B I R T
SrfT (PMF) . Zoe4PERIH (MLR) 8RS 1 BRIEIG.ZE 7L (14CHT13C) " &8 tbah, dnlF)
FRUETE BRL B B ARE (b2 AR A ) B TURMARAT . RIS SRk R E T — IR IEHER A, 2
e EE R HE A T RIHEBGE s, B5INBRATEN: . T BUSANE TN, HEE5%

TOF-MS
Nd:YAG
Pump Chamber Crystal
Optical Adjustments

Vertical

- Instrument

I Pump Laser Axig
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Bl O, S, R BFEREEERE) MBS, BT SOW LR BrC i A2 1 S AL,
M RE AN F] SRR BrC BT B BEFIOG TR s AH H 6T BrC AL 2ROV B AR ) S A 83
S PRRERTE TR IRHEUE S R ORI T iR IR, C A3 BrC IR T ST R T7 1%

2 W E s YRR USRI TERES AR

Table 2 Performance parameters and detection modes of selected high—resolution mass spectrometers

HR-MS Mass resolution Sensitivity Detection mode Reference
SP_AMS VAR ~4300 ngm™ FELR A, (64, 94]
i W 8000~12000 CRR I AL ) TELTC G FE i T AL 2 ’
Tmin K HBR< 0. 04 wg m™ TEL A,
HR-TOF-AMS 5000~6000 . N N T e 95-98
R B 430 9598 ]
. . ppt=ppb BRI,
FT-ICR MS 450000 o _ s 54, 58
(AT ARH BT 54, 58]
-3 -3 PN s A
ngm —pgm’” TELR AR LA,
TAG-TOF-MS 3000~6000 . \ . 99
(eI ) AT B 199
10-50 cps/ppbv TEL A,
PTR-TOF-MS 4000~7000 e Oy e 100-101
(AT T B i 3 [ J
, BRI,
LC-Orbitrap MS 24000 } e 102
tbitrap ng m s r 02
BRI
. B} BRI,
GC~Orbitrap MS 24000 0.05~2.5 pgm T B [103]
Hor, IEEHFER T8 (PMF) "7 Gefig 5 it A 2R AU AR5 A ) 1) 2 B R AR AR e

P, FERREIRAREAT N S, RHE S BT, o H T b & ZORIEXT BrC OB BTk . %A
T2, Bk ERE e COIRARY ) Wb 2 TR IR i ek &, FF
W RIS R TS AL R . OBRRE (Wibabs (365 nm) . MAC{ESE) Sfb2=4lsy
ot — Il AR, PMF BRI ATt B A A DGR R =R E R B -, X SE P - e HR O R
B BrCORUE, AAEYITORGE . R L ALEh SEHEOR IR MRS 55 . AALE TR R 4 2 IR
DIASIEfRI R, W A @R Tt (I FPEAK 240 A, IR A EeE N it 7
HHBR A Py B RE & Y AME T BT AR E YA, 3@ SR H Bootstrap (BS) . DISP Ay #4465 56 5
BS—-DISP 45 19 77 13 VRS A 7 BTk A 152 22 78 18 LA K IR i 0 SEBLRFIAR R 1, I B DA fe T 45 SR
nlEErE, FIH PMF AT, KuangZ: " FIH PMF X)W K B VP HBIX HULIS (S IEEAT TR, BIK
K IRE BRI HULIS B EZORIE (E 25Tkt 44%) 5 Mo, YRR TIRICR (F8)
Z T TR 8%~28%) o Bao &5 M WL R HUAY HULIS 64T T IRARNT, & 1T A WIE &AM 7= A Ik 2%
HULLS, &IUCABRHR R HE R 2 2B DTk, AP Bk A AE YR STk 70 e A RN 2R ipe . Y
ZAVRTTHIF T R B, ARk A Wy O e i BeC I TR BRI, AR AERE 254 I L A i HE il 25— ok
PER L eAh, AERGESIN T DGR BrCARICEE A 2R T PME 71k, 45 24k 1%
ME-2, LLEiisTa) 53 Fe 2 FURi AR 73 B3 4 5t BrC R EERLAR 2041, R4 500 nm BLF Y BrC 3248t 1
R BRI 8 52%

WeAh, ER 8T (PCA) WEEIR A BeC Y FZ 2 P 7 1 " W] PMF 7 A fe iR 75 %
FeE T DX R A e, IR a] R MLR 6 2R IEIES T oTmk o4 s
4 HIRSRE

H#i BrC il E ik iR RO 525, HIE SRR B, FERPAR ., RGEES %2
RN PER AR K, MELLSE 2 B S ARG A LAy, WA SR E RS KK, BTz
Gi—bnife, AEFFE AR B, WRE S B R R . AP . Ak, $RIBLLT
AL

(1) ik BrC W& 7k brififb 54—k . @UURIEAREDRIE CnAw Bkye . A REHR g |
TR BOREMRME OKEME . BEEEYE . REES) K8 BChES YRR IR, AR
R BGRSE— . O RIIE R AR BRI E R . KRR S — R AW RZEL DMF A MU IR, /K
Ve OA 88— R K AERL,  FFAE SCHRH A TR TR A BUA R B 25 1F 5 38 mT I J [ Bk ) BrC 10 22
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JFE SRR, A ] — 4R SR AN R T . Py BRI A P ORI, A0 39 5 45 ) A
Tk

(2) HILGE— AAE BIHE 7 M KB, 48— R 365 nm ALK MACAHE, %0 N S50 AR
SEEERMELIXT L LSRR . RN BrC 2 TALR SO EERE, ARSI bR
WESRR B ZT ) A BT E 43l BrC RGN R Z A AT I b Ak . R kT2

(3) ek 2 H AR BUR A — R0 T BE LA B BrC BG4 A 4 FALRAE 8 o ) anAE X ik
P HPLC-PDA-HRMS BRJHF- & . HPLC 438 BrC 5 A%4H%y, PDATELICSR &40 022 4h-—n] WIS
i, HRMSIE S T30, MSEBOEEE S 50 T 00 FE5 AT 5 R 2t — A M it A 22 [ A A%
VB £ 3 — 2 A — 03 3 W — IRk AT P G I R, SEBUMAR S AT BB | AR R
H B E s I N (B B K, UG R ANZ I 575 YL I 4548 5

(4) ISR 2ITE BrC 4 F NG PE E A IR . HLEs )78 BrC st b R I B R
B, HE RS 2 PR . INGEIREA R B RS EAST, ASE S5 = 1 R R s 24
B 5, FEAR TR O ELPERGE Y s TR 2 SR T AR AN I, BRI T R — X ) A A 1)1
S, AEMELLEREE) B HAR X, SRR R i R 1) BrC bRUEIL IR A, B SmALAS A S B
FIfRRETE, R IS AR AR Z ANRE 0T, (AL a2 A BeCRTIN T TR R R R . AR
TH,

VAT S, AR BrC LI T A INGE— 00 7 iR R HE BRI S , E bRiEAb 5 R R R
H—ZBERIE T GBS — L 2V BRI =0 — R 7 & R, SEB TR F A S BT 1) R i
b, RGALRAEN L
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