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OE. TR RO R - DUARAT/F B P B 2 PR TORE (UPLC-Q—-Orbitrap HRMS)FA, @3 T B
K JLEE PRI 11 M B R a7k . FEREEP N —E P, 250 HLB [EAH A TUMEEHE
FRBUS, R H Hypersil GOLD C,,(100 mmx2. 1 mm, 1.9 wm) @ik T35, 0. 1% H -2 mmol/L Z1R4%
IR ZIE T S ARE BE BRI, R 25 L BL I DC AR dh 2 AMpRiE . BT paAR . H AP ARAE 0. 5~200
pe/l, ZURVEAR ., FMEVEAR . R VAE1~200 pe/L, ZFERVGAR . URHIPEAK . WEVEALE 2~200 pe/L, 5L
VIR, ZRIRPEAR . R GTE5~200 pg/LiEENHA RIFMEIER R, MHRREG)EIRT 0.994, Jridfih
MR 0.5~5 pg/L, & FHRA 1~10 pg/L, 34N KF I IITFR IUCE Sl 60. 0%~112%,  AHXHbRifE ki 22 (RSD) 2k
3.6%~15%. XF SOUy L RAEFA TR, Rl s PhiE &R, EWRER2.5~88.6 ng/L, WAL EFATEE
RS ZNER B A . REUE . EIWE . RRER L, EHTILEIRT 11 R E R PR E
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Rapid Detection of 11 Penicillins in Children Urine Samples by Ultra
Performance Liquid Chromatography—Quadrupole/Electrostatic
Field Orbitrap High-resolution Mass Spectrometry
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(1. Zunyi Center for Disease Control and Prevention, Zunyi 563000, China; 2. College of Basic Medicine,
Zunyi Medical University, Zunyi 563000, China)

Abstract: A rapid analytical method for the screening of 11 penicillins in children urine samples was
established based on ultra performance liquid chromatography—quadrupole/electrostatic field orbitrap
high-resolution mass spectrometry (UPLC—Q-Orbitrap HRMS). A certain amount of phosphate buffer
solution is added to the urine sample, followed by purification and concentration through HLB solid-
phase extraction columns. The samples were separated on the Hypersil GOLD C,, column (100 mmx
2.1 mm, 1.9 pm) with a gradient elution system consisting of 0. 1% formic acid in water and 2
mmol/LL ammonium acetate—acetonitrile. Quantification was performed using matrix—matched stan-
dard curves and external calibration. Good linear relationships (r*>0. 994) were observed for azlocil-
lin, methicillin at 0. 5-200 pg/L, and ampicillin, cloxacillin, penicillin V at 1-200 pg/L, and
nafcillin, piperacillin, dichloropenicillin at 2-200 wg/L., and amoxicillin, oxacillin, penicillin G
at 5-200 pg/L. The detection limits and quantification limits ranged of 0. 5-5 pg/L. and 1-10 pg/L,
respectively. The recoveries at three different levels were between 60. 0% to 112%, and the relative
standard deviations (RSDs) ranged from 3. 6% to 15%. Application of the method to 50 child urine
samples revealed penicillin concentrations between 2.5 and 88. 6 wg/l., indicating potential expo-
sure risk for children. This method demonstrates simplicity in sample preparation, high sensitivity,
reproducibility and precision, making it suitable for rapid determination of 11 penicillins in children
urine.
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tography quadrupole/electrostatic field orbitrap high-resolution mass spectrometry

FE R A HA M ) 2 —28PUE R, R R IraUERN—kU L, Wy H TR
AR G 5 R AP = o R R KIS, 29 75% B 500 il Atk i i
Hb, BREHNEZING, SBUPEMREIGE, 525 JR ] G R 25 IR Y, Jfaid &Y
AR NZE . HER NNVl 5 H S A R S UIRG, ek 51k Bkih 23 3t TR G
HL e JLEHORNER 552 BB Y iR N, nIRES IRILHE . R . AR AL
P, DU R 2R BL BTGRP e e, LB 0 0 ™ A B XS HEER K
TR AREB AL, ZREE IR RS, PRI A& 0 NMETTUE R A B IR
AR AN B R IETT S AREAGRECE B, R PR TR AR o SO (H AR v, AN i Y
REEATMIETTIY, Al AR P R TR REASKRIE . BRI, WL IR
BERNFFEAKY, M SE R, W2y m R A Sk . REDTE R XE R ER
AEEZLX .

TER ORI TT ik E RO YRGS . BBk . WA O - B RTORE . BvEYE . B
AR HL Yk i DA B 0 - 2 BT SR o AR RS E TR TR E DU RS B AT B
FAETFRSIS . A &S . TR DT AR SRR IR B R PR 2 R PR s IR AR H
FAGI p BAT AT () AR, (HAaTR 25 AR, B BOtre ek, #R4E
APREEB, DUE TR, BAFERERE. BAME KA A ER I PRES R et A e S5k
W PRAE S RFERS SRR IRE . UYL B YUAE R AR U, (HPaveie s, ikl 2 it
PR EIEN, AR A AR IR, R R BRI B BRI R S, e R
3%~ B IR B 10 (HPLC-MS/MS) i @it b AT AR R AG I B 3 7%, AR oA b S B H bRt
B RS S R AOE A T R i AU € - DU AR AT/ B BIE B i 23 DB (UPLC-Q-Orbitrap
HRMS)Z5 5 1 DUARAT Y i e 5 i o RO BORS B T  , J—Psr R 250 b F-Be . th TRk
FFUE IR, 1S HPLC-MS/MS PR ME LLHETRIX 73 15 5 R 5 R LeAb S0 & 734 %00, T Orbitrap
HRMS HARSEAE TE e ) REUZ 53 P, a SRR IN RO P B ER SR, RIS
R ERR R, JUHARE YRR AIE b B2 P2 Tt TSI E B HTRE /. IEAh, Orbitrap HRMS I AMYBER
PO 2R R, A EER RPN T 133, AT RS ERTENEN
PR R B H MR P 3%

H AT, Q-Orbitrap HRMSIEE T ZMMFEE" . B8 R SFURi vt R NE , HAEE
PR EERRM TR, B R FERFIAIR™, JCHHM LB IR IETT % H AR
DARE o AR FE R 1 AH A BT AL BSR4 UPLC—Q~Orbitrap HRMS, 57 7 —FpPRis | @R, e
BRI LR RO BB R PP UE R T Ik, nA PP LB AR B ER 5 00 b B B R 15 B BUIR SR ]
FEMBAR SR

1 SCIGERSY

1.1 E5E&

Orbitrap 120 R o SR £, 1 D A AT/ 37 3 DR v 20 PR T4 (£ 18] Thermo Fisher 23] ) ;3 Multi
Reax YR ENR % 2% (21 heidolph A H)) 5 Milli-Q 4tk 248 (£ Millipore A1) 5 5407 Xcel VAP B4
WA (€1 Horizon technology A 1)) ; TGL-16A T il ¥4 R O WL (8 R P UBH AR A 0] ) 5 Mettler
Toledo XSR205 B HL K-V (M4 i —FEF| 2 240 w) ) 3 GX-241 4 5 3l [l AH AL B (3£ [ Gilson 24 7)) ;
ZD]J-5B B B 3G A ( RS By AR 2 7)) 5 Bong Elut HLB(200 mg/6 mL) [ AH A< HX
FECGEIE Agilent 24 5)) 5 0. 22 pm APHUAHEHSRUE RS LitE 2 SCIPHE AT A4 1) )

1.2 R 5IEH

W . 5 (X RSl ) W T 25 Thermo Fisher AT 5 FVER (BTl ) Wy T b 5 22 1 SEB RHE B4y
AWMLY, SRR (AREAL) . NaOH(Hgkal) . iR — 2V (S b2l W) T RKide i BHE B AL 2RI PR 2
A5 SEES KR Milli-Q Al K AL & 1) R 4lK (HLBHE A 18. 2 MQrem) o 11 Fh 25 Fbnifl i 5 1R S bnife



551 31 B ARSE R e R £ - DA/ P BB B R A FE T AU LB R P 11 R R 145

fi: FTSEPEAR (Amo, CASF: 26787-78-0). & FVUMK(Amp, CAS*F: 69-53-4), HEEHR GH(Pen G,
CASS: 113-98-4) ., HEZEV(PenV, CASS: 87-08-1). HMEPHHREAN (Oxa, CASS: 1173-88-2).
FAMEVG ARG — K G (Clo, CASYS: 7081-44-9) . ZERVGHEN—KE Y (Naf, CASH: 7177-50-6) .
WRPLPUAK (Pip, CASS: 61477-96-1) ., Fli&PUAK(Azl, CASS: 37091-66-0) ., A HAKEN(Met, CAS
T 132-92-3) . AT (Dic, CASS: 3116-76-5), MgT REFT/RIERHAR AR
1.3 BB H
1.3.1 #HAEBRE FHEAESH PSSR AGIRESI A 100 we B, IR SO H ETH I
1.0 mL 30% s, 5 el i )i o v 2 4 100 mg/L BOFRUERE 250, 18 ‘CLU R BEYGIRTE . iR MR
J§ 1 mg/L 5 10 mg/LIBSAREM IR . TR PR TAERWL: ARESCIRTRE, B mg/LH 10 mg/LIB SR
WA W, LIAIZa T A0, BOR BTk A 5. 10, 20, 50, 100, 200, 500, 1000, 2000 pg/L
WIS I IR TR
1.8.2 WEERERZEMIAT  REUAIR 24 6. 80 ¢, MAUKIEMIG, ¥43 1000 mLZA Y, R
N 100 /L 2SN, VAT pHES. 5, FLHK 0. 05 mol/L I BEIRERZZ b4
1.4 HARTARER &GN
1.4.1 #HRETAE HAHRREREATEIR FER, B0 mLRFEE T 15 mLE.0E Y, LL10 000 t/min
B0 5 ming HEFLI2. 0 mL IS T 55— 15 mLE.08 ., IS5 mL 0. 05 mol/L B2 R 2% b i (pH
8.5), IMEIRAI30 )5, LL10000 r/min 503 min, BRI &E M. RS mLHEE, 5 mL 4K
1t Bond Elut HLB(200 mg/6 mL) [EIAHASHE, #4425 H EiEWLL 0. 5 mL/min i 23004, AR EIF:
R G, R S mL BEERERZE Mg R 5 mL B4l K ke, FEMPE, ExEZMTHT. H3mL
ZHELL 1. 0 mL/min J PR AL T, WK T 15 mL B0, T 40 COKBHRREILET, Myt
MAHER R 1. 0mL, WHEIEAI1 min, &0.22 pmEFR0EE, FFRE .
1.4.2 #H@EN BB SCI HUCEE 17 HE/NF 50 £ LB IREE, 1E-80 “CHEY SR T /17
PREEFERR “1.4. 17 Jrikibirandb 2s3RO Ab ARSI ik e A TRl o FHPEREAS B H e bRt . HbR
HIEMELL SIN>3, PR RIS EURZEAE+2. 5% LI, B bR ol PCfc b —2% 8 3 7R —A e s+,
H—R 5T B R W 22<5 ppm, 200 3511 B R R 22<10 ppm,
1.5 JNFR3ELE

ERACR R S8 54T, SRAZSBIREE AR5, 50, 100 pg/L 3 AR EAKF- TR A itk
S, BAMREEFATINGE 6 UK, THEMARIEICER 507 R B . 7R FURFER N — € 2R S brifk
T, ATACER SRR AT, FEE 3 AE(EMEEL (S/N=3) 1 10 fE(EMELL (S/N=10) 43 7315 7 A R (LOD)
FE & FRR(LOQ)™ o IIARFEAS SR FH 2 S5t DC AR Hh e 7 7 Sl o 25 5 DG IS v v B 25 ) 1 5
HETFZEL 0. 90 mL AL FRFAY 23 L RE IR B, N 0. 10 mL IS hRifE TR, B R E 7 0.5,
1. 2,5, 10, 20, 50, 100, 200 pg/L AYFE T PCEC AR R 2eia, BUECHLH .
1.6 UE/&KH
1.6.1 BIEEHE Ak Hypersil GOLD C,#E(100 mmx2. 1 mm, 1.9 wm), FEVHGAEA0. 2 mL/min,
FEIL: 35°C, PESHIBIELEE: 10 °C, MFFEE: 10 uL, JaIAHA R0, 1% HEE-2 mmol/L LR EOKET, i
HAB AHCNE . RHLIEREENL: 0~0.5 min, 5% B; 0.5~3 min, 5%~20% B; 3~9 min, 20%~50% B;
9~13. 5 min, 50%~95% B; 13.5~15.5 min, 95%~5% B,
1.6.2 BiE&M R Orbitrap 120 @20 FENTEAL, NP BT 55 5 U5 (H-ESD , SR IEF &5
BT, SR . 320 °C, WIEHUE: IEETFR3500 V. T 2800V, K
(N)HEST: 35 Arb, HfBIAR(N)ETT: 8 Arb, JIFAGLIREE: 350 °C, —ZRTIG IR HIEE (m/z)
50~700, Zr¥EF: 120000, HBWEEEH (AGCELE K. bR, IR, Full MS/dd-MS?, )3
FH EASY-IC WFREEIETR, 2R Bil /3 PE3. 30 000, REiGAERE . 20%. 50%. 70%. 90%, i ik .
30%,
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2 GRS

2.1 HHEBILEGNERE

WO IS ARSI A C S 5 WS, SE5 R 1 meg/L AR SARER AL T 2 5 Wi
XF 11 B R B SOR R AR SN . 2R, LIRS DU, ZReRpapk . mdevudk 2 2%
RGBT F2 Pl 5y IR, HBUEVUAR . WRHL VU ARAIFT 8 VU ARR g, X nT RE2 BT H Y
PERE L OS5 oAb THRES AR, HERMFESWSAERBRE, TSI ESHE
R RN, S ECEY e, BRI BUR BB TR CRETE A PR, 115
HRr A N OB R, RIS NEGRBERSR . P 70, 1% HRKER . 2 mmol/L LR
IKES I 0. 1% HR-2 mmol/L ZIREE /KT 3 F/KABTR AR RER . & BL0. 1% H TR -2 mmol/L LREZK
FEVE A KREIN 11 FP 25 R0 i 0 W AR v, A0 B, RBUEERAL, Mg 0. 19 R
IKVEH R 2 mmol/L SFRER/KIETN , A& Wi B A HIETEAE: . B, SEBn 2k £ S NE1ER
AHUAH, 0. 1% H 22 mmol/L LM /KIERAE /KA . 11 &R RSB - aaS B e 1R, Br
FEYAE11. 5 min NSEBUER 25, BARCRERRIWE L,

25+
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O T T T T = T 1 0 T \ K| A T { Al A T 1
2 4 6 8 10 12 14 2 4 6 8 10 12 14
25— Retention time/min Retention time/min
Pen G Pen V
en G 124
204
& 54 &
=15 = 8-
2 B
E Naf Z
:; 104 Azl ié
44
5+ .
A Dic
O I § T T A T 1 0 T T T n T 1
4 6 8 10 12 14 4 6 8 10 12 14
Retention time/min Retention time/min

El1 11 AR PRI -k
Fig. 1 Extracted ion chromatograms of the 11 penicillins

2.2 JiEEGHIIEEE

151 53 HEPY AR AT —Orbitrap JREAC AT €46 S RS TR B 2450, 5250 R A Full MS/dd-MS™ REER,
GBEAEME S T — R G, wTE E PRI [EI AT iy . OB O e
P, SR B ARSI N5 BRI 10° B U7 R ik R BOE A, TR TS T TR
W BN EREZNEESERNN. BEXBEEWESHB-MBIERIR LR ZFL5Ther, K
BT ARERT A E B B 00 B AR, SO SRR AR | BUEPEAR . WRB PE KR 5 AR
BTN R B R, BRI R, AR 8 B E R IR AR AR A R K U B A A
I, R H UPLC-Q-Orbitrap HRMS X} 11 Fh & 5 ZFAT1E . T 44, RS — 2k 24,
FELME A SRS T T B R B E bR [ M+H - [M-H -3 Pk, 11 Fh g R 00RE 0T AT
W22 /NT 0. 8x107°,  ElAde i Z2 (8 e B 5 25 0 B a5 5 1) — 2% (dd-MS) FFAIE S T s o0 B i 1.
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Rl R R OB I A PGS A5 R

Table 1  Retention time and mass spectrum information of 11 penicillins

Retention time/ Precursor ion(m/z) Product ion(m/z)
Compound Molecular formula k - =

min Theoretical value Measured value Mass error/10 Fragment 1 Fragment 2

Amo C,H,N,0.8 3.39 366. 111 88 366. 111 60 0.757 19 114. 000 76 134.059 77
Amp C,H,,N,0,S 5.10 350. 116 73 350. 116 94 0. 609 39 106. 065 09 160. 042 68
Pen G C,HN,0,S 8.85 335. 10599 335. 106 02 0.083 75 114. 037 20 176. 070 61
Pen V C,H,N,0,S 9.58 351. 100 92 351. 100 89 0.082 27 160. 042 66 87.026 30
Oxa C,H,N,0.8 9.96 400. 111 85 400. 11179 0.159 44 243.076 42 114. 044 39
Clo C,,H,CIN,0,S 10. 55 436.072 88 436. 072 81 0.149 19 277.037 45 178. 005 42
Naf C, H,,N,0S 10. 85 415.132 17 415. 13220 0.077 44 199. 075 36 171. 044 06
Dic C,H,,CLN,0,S 11.34 468. 033 81 468. 033 87 0.137 25 310.998 47 211.966 45
Pip C,,;H,,N,0.S 8.42 516.170 17 516. 17023 0.110 10 143. 081 50 115. 050 20
Azl C,,H,,N,0,S 7.73 462. 143 86 462. 143 80 0.13237 218.092 40 175. 086 59
Met C,,H,,N,0S 8.26 381. 11127 381. 11136 0.23259 165. 054 62 222.076 08

2.3 HMmIERE DK pHERERE

K55 7 AE] pHAEZE MK (5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0) W HFEZIRBCIA 0,
SEIRAW, UFESER pHAE M 8. SHY, 8 Fh i85 27E HLB [ AH AL B L A0 bRl fioR s . R 5L
VAR . LGP AR S ZR PUARAE pH 8. 5 B I DIAR DS (53 1) 47 73. 0% 89. 1%, 79. 8%) HEAIL T pH 8.0
B ISR (435000 74. 6% 90. 9%, 81.5%), {HEZEGH)IE 11 FMELEYIEEmIR, pH 8.5 &4 T
IRENCR A T oM pH AR, BRI, ZSBFFEE ] pH 8. 5 BIZZ R REIRAE . TR0 pH 50T, HiRLS
Wi Ah) b S R FEANBE N 80> b, H 5 HLB A ACBUNE S S W R AR EAE A 2%, M
E— 255 B IIFR I 2R
2.4 FHiEMERMN., &HeE. KHREXEE TR

BN (ME ) e SR BUR & i s i), FESh T3 5 B bk &3, 2 Hirfe
EPRE TR BIG: . i A FE R PTREXS H (s 577 AL g 00 B TR sk e, A
SO 7 O MERR TR . FEFOSORE F TR T (MF) MEA 1% T SR UG B bri 0 i B 45 b
RPN LU, RO, MEFEEIT 100% 5 (90%~110%) it 7 547 B 0] 2 SE ey, /N T
100% R34, KT 100% R/R e FHER™ . LR A AUREE, #5 “1.4. 17 Jrikidef g i i
J& . DASRBUR AP 7B ) 50 pe/L B B DT ARV TR, FELL 30% A FIRL ) 50 /L AR IEE T,
BN E 11 Rh R A R R e b A I R DT bR I S I R R s T T AR, 4R
W, SR PRI SE RN R 77. 0%, FBUH— & ML ST I/E A PO SSvtipk | G v Ak S OB S v bk )
SOV HET 100%, FWILFRRFT T HA7THEERNETESO IR T 117%, S HA R
FEFORER . LI Rh & Z0b, (BT SEPaAR . GO v AR KON G PG AR ) s By 1T 205, H AR 8 b i 5
F AR DA )RR B 00 S G s s VR A DR IR SR P R o DG I A v i 2 A 7 2 20 BT LA ME R I

SR IPRSEES, $HE “1.57 J7 ikt AL ARSI, A3 DT FC AR A 00 e B B R Asbr, H
LA P R SR BCES Tl BN bR, 22t R FUC I bR £, ARk [n] 5 07 R B A e R B (L3
2). ZEREW, NFETREMNTEREBEANYEIRIFNEERR, HRREGBHKRT
0.994, JrikKithBR40.5~5 pg/L, & & FHA 1~10 pg/L,

F2 I MEHEERNAEFE ., KPR R EAE B

Table 2 Linear equations, linear ranges, r°, LODs and LOQs of 11 penicillins

Compound Linear range/(ug:L™") Regression equation r LOD/(pg-L™")  LOQ/(pg L")
Azl 0. 5~200 y=4.167x10x-8. 112x10° 0.9985 0.5 1
Amo 5~200 y=3. 748x10%~1. 312x10° 0.998 7 5 10
Amp 1~200 y=2. 023x10°x-9. 093x10° 0.994 9 1 2
Oxa 5~200 y=7.038x10"x-7. 328x10° 0.998 2 5 10
Met 0. 5~200 y=5. 472x10°x—4. 295%10° 0. 996 2 0.5 1
Clo 1~200 y=8. 111x10%*%-8. 154x10° 0.998 6 2
Naf 2~200 y=1. 008x10°x-7. 75x10° 0.999 2 2 5
Pip 2~200 y=1. 91x10°x+6. 653x10° 0.998 3 2 5
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(832)
Compound Linear range/(ug:L™") Regression equation r LOD/(pwg-L™")  LOQ/(pg-L™)
Pen G 5~200 y=1. 007x10°x-7. 159x10° 0.996 7 5 10
Pen V 1~200 y=1. 628x10°x-8. 753x10° 0.999 3 1 2
Dic 2~200 y=4.331x10%x+3. 074x10° 0.997 2 2 5

2.5 FHEMEWERMENIRERE
HRAE 157 MIARSESS, MIFREARLEG, RSP IR SAE AR R ZZ(RSD ), W3,
SERFER, RV EE (15 pe/L) B IIFREICZ A 60. 0%~82. 8%, RSD A1 6. 3%~15%; Hik BE(50 pwe/L) I
PRIEICER 7 70. 3%~109%, RSD A 3. 6%~11%; i JE (100 pe/L) B IIFREIER 5 74. 0%~112%, RSDhy
3. 6%~8. 8%, 1% J71ERATE o HRE %  JER E, TE E EATER
3 1R E AR IR SR BRIE (2 (n=6)

Table 3  The average recoveries and relative standard deviations of 11 penicillins(n=6)

Compound Added/(pg-1.7") Recovery/% RSD/%(n=6)
Azl 15, 50, 100 66.6, 77.0, 81.5 15, 11, 8.8
Amo 15, 50, 100 60.0, 70.3, 74.0 6.3, 10, 5.2
Amp 15, 50, 100 69.8, 77.2, 84.8 8.8, 11, 4.4
Oxa 15, 50, 100 63.7, 81.4, 85.2 8.9, I1, 5.1
Met 15, 50, 100 79.0, 100, 111 11, 5.4, 6.2
Clo 15, 50, 100 65.3, 78.6, 76.9 11, 10, 6.2
Nafec 15, 50, 100 60.4, 86.0, 89.1 9.9, 7.8, 5.7
Pip 15, 50, 100 82.8, 109, 96.4 6.3, 5.3, 3.6
Pen G 15, 50, 100 77.3, 94.4, 112 9.0, 3.6, 3.8
Pen V 15, 50, 100 80.9, 88.8, 105 8.8, 4.7, 6.5
Dic 15, 50, 100 76.8, 98.0, 91.9 6.9, 7.3, 8.7

2.6 SHEMTERLR
PR B R R ORI 7 1% SIS A A s . BRI . WO I L O - HR
WL A IS - PETOEE S, R IEER B . e | AR Sl 5 5 T A5 B L
M APR, AR J7 0 I E 45 3R 5 2 BOCRRARGE 1Y 7 15 A0 H B A AR DU ECEAREY LOD A LOQ, &
UPLC-Q-Orbitrap HRMS {EIRI H 2 T i B 3K ) J5 TR E AT i 2 e 340 2 78 7
Fd WEFEROETIITIERE

Table 4  Comparison of various methods for the determination of penicillin

Method Sample LOD/(pg-17") LOQ/(pg-1™") RSD/% Recovery/% Reference
HPLC-MS/MS Urine 0.6~14.3 2.0~47.6 = 73.7~92.6 [5]
Immunosensor Urine 87.1 - 5.5 - [30]
HPLC-MS/MS Urine 1. 0x10>~3. 010> 5.0x10°~1.0x10*  2.0~24.0  70.0~116.0 [31]

Differential pulse voltammetry Urine 87.8 - 1.8~2.9 97.0~103.0 [32]
HILIC-UV Urine - 0.5x10°~2.0x10°  5.0~15.0  66.0~120.0 [33]
HPLC-PDA Blood serum 1. 5x10? 5. 0x10? 2.3~12.1 88.1~110.3 [34]

UPLC-Q-Orbitrap HRMS Urine 0.5~5 1~10 3.6~15 60.0~112 This work

*: not provided

2.7 BRI

R F BT 7506 50 44 8~10 LB IRAEEAT 04T, 4R &I 16 HILEIRFEPREH S EEE. H
W, BT P ARE R R BE A 5. 6~13. 2 pg/L, FTSEVEAR A 11. 2~51. 5 pe/L, ZFRPIARA 6.2~10. 1 pe/L,
HAPEARR 2. 5~12. 6 ng/l, HEFE GH23.5~88. 6 ng/L. ZURPUMMIR AR R, 531.25%, HIKHh
HAPUAR, K00 25. 00%.
3 & i

AW HET UPLC-Q-Orbitrap HRMS AR, 45 &R FCHChrifE i 2 &, a7 7 LR 11 Fh
HERMN T SINERAEEN PR SREWE, R EimiinE & o REh i 2 EE
KRG, FARBEEE T P M ST, B 0RAER A2 RS i SEBL 2 Fh B bR () 1
R o @A IR I S S R R L A, B T ORI R S REUE, A R
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i, EEAREE . KhFEARNESREY], 207G TILE R 1 AR ekl .
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