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EAFANE . ALE S T AL EAEIR (SPE) KRR AR -3 20% A0 &35 - % B ik % (HPLC-MS/MS) & #7

WER R OFrE ek 16 FrvEiEEAR | 4 KK AB R, 4 FWHREZEF 2 AL L IS HRAEZTH S

Tk, HRAENES WA SPEEWAR G fe pH S 0, HEEGIEZ | ARV E 2 AR AT Hmk LA

(0.1% RBARER), A 33AFRAZTABRELH (0.1% FR-KER), RA % E %N (MRM) 3284 X |

ARk T, 35 RAZTEAZARECEAMGMME ZHIY KT 0995; F ikt HmAE 0.1~ 52ng/L Z 1 ;

F£ 5ng/L. 50ng/L A= 200ng/L = ¥ A7 E T, F k45 F E 5 3 A 1.65%~ 12.3%. 0.20% ~ 10.4% #=

0.05% ~9.92%; HAFEDFE 5 A A 62.1% ~93.1%. 65.4% ~ 127% F= 65.9% ~ 124% , 7 ik BT & A S R AR

A (10mL), T4 2R, B M Fe st AR S 5] 4 3mL B, 30min WAL TRAESRER S EF 0 B O

AR, AGERAT 21 HH R RAE T 35 A A Z e, ARTEE O R FIA 2 90.5%, AR E AL
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P BRI B T A3 W i B B
16 R 2E s 9 A K, (L BRAS 4 B R 093
XA A R G Sy NAR MR R S K s e i fa s L
ARz SR EPRA AR R 2
— B0 AR, AR R AR T A A S
kbl Z L AT TE AR T SE R LT L HRG,
KA R BRI vk A W TR S
Hfkzrrk O R s L i
PR IS (HPLC-MS/MS) 15717 45 it i 43
BT — o P 20 S i ) 8 9, A3 BT Ao e A
Xif fai B, (A RESR LRI vl 2015 B . Mk
TR = O A 05 1 O VA e B — g v, LR
205 BN /D WO A 25 2 IR B, 36
TP X9 . HPLC-MS/MS B4 R i
JEE v A BRATG, Pk A T S | e
FHYG R A8 g, 2 B anfli i) 2 bt A 2 o it
AR Bl FHARFEZ . #EH 2R K, K
PRI, FIRRHS R A T2 L1510 s LRk
E R (5T o) SR T R = b QNG L 2 BN
Z A i R R ARE, AR R HT T AR
AR T ARWREISS 7, AR . AR
i 3t [F AR A S HPLC-MS/MS {288k, 75 2 [
Wem s R, #E ST T 35 R AR R AR I Oy ik, FE
10ng/L F1 40ng/L e EAKF- T, KB 7K FHL T 7K
i [T SCR L L4351 53.79% ~ 103.84% . 56.79% ~
93.64% F1 67.13% ~ 93.00% ., 68.91% ~ 92.67%, 4l
K97 A6 RN 0.29 ~ 4.03ng/L, 51 I 2 [0
XL KEESEAT L8 L BRZ%. pH K. SPE H:E4E .
Wi E 25, FIFH HPLC-MS/MS IJ5E Hb 2 /K At R 7k
Wb KR 37 R AR R A R b 0.6 ~ 10.6ng/L,
IR IR R Z K 60% ~ 130%, T2 120 g
T AW AR A K oK JE KR 13 R B AE R, 1E
10 ~ 500pg/L ¥ B2 I, A ¢ RECK T 0.999, H
H 10 FPdT Az R B9 H BRAE 0.01 ~ 0.03pg/L, A X AR
W2 (RSD) /NT 10%, MRS 61.8% ~ 117.0%.
M E IR SCHR IR B 25 5, Ty B = T s g
I, G % B 0 22 5 K W B R AE KRB i (—
SRAE L), ZEBUR RS, FRE VR, Wi RS
W, TR BB E e, AR (2

FEZE SPE K ARFHAT &L JUAF & i ke i) — I
PR, Garcia-Ac 45 124 FH1EZL SPE KRB RE-
VU 2L 3 - H I SBT3 12k 378 52 I K FH /K R i K
14 Fpdu A 2, SERER BTN 10.0mL, J7 6K H R R
0.6 ~ 6ng/L, 1l U5 % J 60% ~ 109%. Garcia-Galan
— 946 —

g LSV B R KRR K P 19 R b A R
F A H B 435124 0.02 ~ 5.13ng/L 1 0.02 ~ 4.52ng/L,
R T 7K 3 A 8 T 2 AR T 10%. Oscar 25 126
A [ A A BT A (00 33/ e I8 57 5 B S 33 )y 12 F
KB R IEAT T R A, bR KR Rk
16 Ffi Ak 2 A BRTE 0.4 ~ 4.3ng/L 22 J6], [BISCR
K 4% ~ 123%, FAXTHRHENRE <14%. Singer 4 27!
5 M K R e T R G IESCR R 85% ~ 112%,
RIEIZK Hofs BRI LR 0.5 ~ Sng/L. Ding 4 128 J]
ImL ZKFEVE A SPE A b, FH 3mL s 2 /K ik ik o,
Ui IR NS N N R U R S il
2~ 6ng/L, SE RN 7~ 20ng/L, [ K 86.5% ~
98.3%, H N F1 H [E] K B 53 51 /N T 7.2% F1 8.9%.
Feitosa-Felizzola 25 | 2 Kl T /K v 12 Fppisk 2
ISR 40% ~ 120%, KBRS 1 ~ 46ng/L. 25
2 (300 pH 2R 28 SPE-UPLC-MS/MS J7 1 5 il 52 T
SmL 7K JEK FA TR AR K 7526 15 Mt E &R, ik
RS B (3 A5 EL) M 0.74 ~ 3.28ng/L, F ¢ R %L
BIRTF 0. 99, MR ENCR A 49.6% ~ 130.2%. HR4HE
SCHRHGE, 754k SPE KRR 5 HPLC-MS/MS 43
BrH AR, B SEIURE it B b BUAAGI — 11k . [ 3
b, AT JEAb 2, RIWTXT 1 ~ 10mL KFEEAT B
BT, RIS AT Ab B S A i A TR | AR
BERCAIR 2, LR BRI, B s, s irai R
[P (N SR U Y W Re s 58 SRl LU E T KA S-S IR G e
WA Z, S Hr iR T 5638

AR SR FH R 28 11 FH A B AR - = OB A
3% K i 1% (SPE-HPLC-MS/MS) 43 BT 45 A 46 1
Mk 35 AR R, X EhTA R HER R 7E
TR LR R A . AR R . W
TR VI, EEALFERIS O Fh (RRREHEIE . e ik
AR R T OOE e e MR | T ER R R |
Tl e SRR R | e 200 — P AR | iR e — T S
il fie ) — FP SR MR ), WS T S 16 B (HREURTR L KT
VWE R E, ERE, BP WA ARV A,
WRWE BV A, /iy R SRR Fais
A BEMERR  SIPYD AL ZENERR . FH M L ARV AL,
RIANBE 4 Fh (IRTER R AHR PUAHTE. L
WER), WHRELK 4 (HFERX. URER, &FE.
RN R) MHALR AR R 2 b (TR AER).
AR SCHF T 7 1 TR S AR 10mL(SE B A Uk B
3mL), &£ 5L AL FEE PR, 30min N REEAT— IR R I
PR — DRI AR SRR 35 FPdTAE R A HERE
EAE. b RGBT R . 38 FNZ T T R
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TR FEREAT 1 S hRillE, $ouk 1 %7 ik e KA
JSE T B8 AT AT, D3k BE 450 A 2R ARG I 7 Yk s vEAL A
I R G e AR TR B

1 LR
1.1 Y38

By AR LR AR AL O A 3l (AOE) Al
o B0 AR 835 = DU AR AT B3 (HPLC-MS8050)
R A5 (H A Shimadzu 23 F]); ASPE 899 4= H 3 [itl
AT (H A GL Sciences /A 7l ); Syncore Polyvap
VA7 Y 45X G+ BUCHI /A 7 ); EFAA-DCI12-RT
R (SR A A )

1.2 RUET A 3250

35 iR RARERR K (100mg/L, ).

6 A N ARAR HEVS MR (53 0 R WE R IR -D, | il e
MEBE-Co. AV R -Ds. ¥ K VD AL-Ds. B w5
WE-1Cy. I SMEIER-1C,), YRl 100mg/L, 17
IR,

2 Folt [ A AR 5T : 3K 987D 22 -Ds, 10mg, 99.9%;
AT E-Ds, Img, 97.2%. HIM [ 1L 3% L5 R
I A BR A F

HE (R R 9, & & =99.8%) FlI Z i (HPLC 4%
FED, it =99.9%) W 1235 S R I A FR
o FEIRRHE FR (BTigal, i 98%) h EZG b AAK
FIABRAS w) A 775 "ok (3B 8k, 25% ~ 28%) H R
TRHE 2 A BR AR A S5 KR 4liK .
1.3 FESCREERIR &

FEAR H TR L, A FER YLt %
S VA B PN A P T ) R T T A L, Rk
B 20 R, FEKTE LT K2 0.5m Ab SR AR FR
K 2L (RRE S, TGN 2mL F R, 0 Ak i
TE 4°C JREE T REGIRAT, 24h NIz [F] 52560 28 A 7 H
53T

FH B B8 7 S 4% il BUKEE 10mL, 28 0.22um
PVDF JE 5 €, A 15mL & /N, A bR
W EHE R 100ng/L, 5 H .

1.4 Wiz
1.4.1  FELEEARA B AT SR 451

TP 0 3% 2R T AU A B L fA i, g =]
YRR, Hirh E WiB& M 0.19% W R—K %W, F Vi lgH
CHE-BE (121, V), C IR 0.1% 2K . 4
RS TR, SN B AR, AR
TS LA 3mL/min 3 HFE H BRI W A% 2 5 AR AE HL
#¥ (Oasis HLB Direct Connect HP, 2.1mmx30mm,

20pm), 2min J5 56 A B R, S, BAHAE U S
AT HR G, A B2 e 5t Ty T 31 A 2 B | 2 B
(1) B AR T AR AN 53 B, T SAH A S 0.1% K
VST, BAH B o N, T R 0.25mL/min, 56 B Yk
ST (LT shAH B A8 4L A ) A ML W 4R H
Bk 12%, £R4F 2min J5 FFURZeMEAR BE AR 4L, 9min f5
HHLAH BN 70% , 10min J5 A B ELE1 K 95% F:
FAFE 1min, 0.1min Z A HUAH ELEIAS R 129% H-0R4F
AAE A 15min J5 T 45 . LR ik,
VOIS 0 VR C I A R, R e R T T 3R
AL

6,3 #£: Shim-pack GIST C18(2.1 mmx100mm,
2um, P/N:227-30160-04, &8t (i) 5256 &5 M A BR
NGNS

B A AR 0.1% HERIK, B 18 2N, ik
0.25mL/min, i 40°C, gEkEfR 3mL,

35 FhpLAE K, B VDR | SRR B R R
R, HAR 33 Bl AR ZOR AR LRE

R Pk AR vk B R AR AR A 0, 3 0.22um
UEMEE, B 10mL JEW A 10pL AR TAEWE, A
10uL HR, IR AT E 3 ARE SR AR . A shilas
AR 3mL AR IR IRIEA RS, £7F LR SPE HEE 4
FAR I AN B, E AT R SLAGH N

motE ERE I R HUEF 10ul ZUKBUR R L kR
T R, FHAEEST B A It 7oA, LR
I
1.4.2  BELEFAERC TGS S50

#£ ASPE 899 4> [ ) [ #H 2= B AX L, 4K ¥k
6mL F AN 6mL 8 467K 1% 16 HLB /M, FRIE/ME
FESKVRE L HERGEE 1000mL 28 0.45um f£L 8
1 U8 Bk 2 B TR 1 K RE, TIA 0.5g £ %
VY Z R — FNF 100pL 1.0pg/mL N ¥x 9, IR 2,
Ph 3 ~ SmL/min i & o 4, K 23858 o MR,
FH 10mL 27Kk s/ M, BERARS T/ 570
SIH 6mL 7% 0.1% H 2 i H AT 6mL 1% 0.5% 247K
() EEIEA TR . VER A A R ER T, H
0. 1% HFIRK-FEE (3 : 2, V) IRGIBERERZE ImL,
28 0.22um A HAHIE BT UE S, 7

TR B335 25 (B s A A Ty 0.1% IR
W, WA B i N, Wi 0.25mL/min, # i 40°C,
PEFERFR SuL. 354 5 0 Sh AR RA B 1 5 7R R
FHAC LB 51— 3K
143 JiigA

BT ESI(+). ESI (-), # 0 L E-3kV, S
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W 3L/min, A 10.0L/min, T # S 0% # 1.5 brdETAIRIIECH]

10.0L/min, 3% MR 350°C, DL JELEE 150°C, Hi FRVE A A S B e e 45 33 Ao R
X ZRBIEN (MRM), MRM 25003 1, VAW, FH RGBT A TR, BURA TR

1 PUEFIrHh MRM IS8 DREEITE], ERPERISCR BT TR R

Table ] MRM mass spectrum optimum parameters, retention time, linear correlation coefficient and method detection limits of

antibiotic analysis.

vk % way  opmy  QVWE BHERIE QIR RENEL L o, BERE s
(%) (%) W) (min) (ng/L)

MRATFEZ (LIN) 4073 126.17/359.3 14 30 12 5.501 0.9998 0.8 2
ILURES (PPA) 304.15  286.17/215.05 14 20 13 5.540 0.9998 0.9 2
TR BEBE (SA) 215.05 156°/92.05 22 13 26 5.605 0.9997 0.9 2
i B (ENO) 320.9 303°/204.05 11 22 14 6.021 0.9957 0.8 1
WiRIb AL (NOR) 319.9 302.1/230.95 11 24 14 6.163 0.995 2.8 1
SRV B (OFL) 3622 318.157261.1 13 19 15 6.183 0.9971 1.8 3
Tk iz (SPD) 250 156°/92.05 11 16 15 6.191 0.9996 0.1 2
TPV (FLE) 370 326'/269 10 20 15 6.210 0.9983 22 4
1 (0TC) 461.1 426.05"/443.1 12 21 21 6.239 0.9987 2.1 4
WNTPA (CIP) 3322 314.17/231 12 22 22 6.272 0.9986 5.1 4
%R A (LOM) 352.2 265'/308.15 12 25 12 6.429 0.9966 4.9 5
TUHE (TC) 445.1 4107/427.1 12 20 19 6.527 0.9981 1.9 5
BT (ENR) 360.25  342.157/316.15 13 23 16 6.538 0.9983 52 5
Till g B I9E Wk (SMTZ) 271 156°/108 18 15 30 6.858 0.9989 0.1 6
il iz — FR B I5E (SMI2) 279 186°/92.05 13 18 19 6.871 0.9989 0.1 6
I2JERE R (SPT) 8435  174.157/540.25 24 35 17 6.888 0.9987 0.1 6
A MY & (SPR) 393 349°/292 10 20 16 6.957 0.9983 1.4 6
WIS (DIF) 400 356°/299 14 19 12 6.971 0.9983 0.2 6
T BT H 4R IE (SMIT) 281.1 156.1°/108.1 13 17 16 7.004 0.9995 0.1 6
&% (CTC) 478.8  443.95'/154.05 17 22 15 7.290 0.9991 12 7
AR (DOX) 444.9 428.05°/154.1 12 20 20 7.468 0.9985 2.8 7
T & ik % (SCPD) 285 156°/92.05 19 15 16 7.548 0.9995 12 7
FU# TP A (CIN) 263.1 245.057/189 12 16 16 7.739 0.9992 0.3 7
Tt Jiie &1 — F S W BE (SDO) 311 156°/108 14 18 16 7.775 0.9993 0.1 7
Fitl e — P I (SIZ) 268 156°/92.05 12 14 27 8.011 0.9995 0.1 8
A5 % (CAP) 321 152.1°/257 11 16 27 8.118 0.9996 0.1 8
WEMERZ (OXA) 262.1 244.05°216 12 19 11 8.125 0.9998 0.1 8
L1 % (ERY) 7343  158.157/576.35 20 31 10 8.167 0.9987 1.1 8
Ttz ] — FH A8 % (SDM) 311 156.057/92.05 14 21 16 8.472 0.9987 0.1 8
BLIFEE (ROX) 837.5 158.157679.4 222 33 16 8.952 0.9998 0.2 8
ZEUEMR (NDA) 233.1 215.057/187 11 17 22 9.097 0.9987 0.1 8
UM (FLU) 262.1 244.17202 12 20 24 9.228 0.9996 0.1 8
W EEE (JOS) 828.4  174.157229.15 2 34 18 9.291 0.9976 0.1 8
FEPETP A (MOX) 358.2 340.1/225 12 23 16 7.107 0.9957 0.3 7
KD A (DAN) 402.1 245.057/261 18 39 25 6.405 0.9979 1.0 4
WEARIKIE-D, 206 135.00/179.1 13 33 13 5.793 — — 1
TRt - C 256.05  190.05"/162.05 17 20 20 6.169 — — 2
A A -D, 361.1 254.95"/343.1 17 40 25 6.194 — — 3
KR B-D, 365.1 261.00/321.1 17 30 17 6.395 — — 4
KFEVDAL-D; 357.05  270.107/339.05 12 24 12 6.434 — — 5
Bl — g - 285.05  204.05°/162.05 10 17 12 6.879 — — 6
Tt k- C 291 162.05"/114.05 10 16 10 7.538 — — 7
AFHE-D; 326.05  157.10°/262.15 11 17 10 8.088 — — 8

F: URRTERET; AR R B HARHE T AR, A HRES AR 0.1 ~ 0.3ng/L. 0.8 ~2ng/L. 2.1 ~2.8ng/L.
4.9 ~ 5.2ng/L i FE A HARYIMEEE 435104 0.5ng/L. Sng/L. 10ng/L Hl 15ng/L.
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FH FP 2 DA 7 2 B A o T, R 82 40 33
1.2, 5,10, 20, 50, 100, 500pg/L. 435 HL A4
VU, FHHP A T Lk B 100pg/L B bR TAE W o
£ 0.1% FRR—/KIEH IR 1000 = 1ARUOIMA ik
FrRAE TAEW, FHERE 1000 = 1 A IR TAEW, e
1. 2.5, 10,20, 50, 100, 500ng/L # <R 15, N
PRI N 100ng/Lo R o

BACPE LRE: S BIEREEPY VD AL | SRRV B A R
HEVS U, FH P BEAR R, BCIR & TR . BURA TAE
T Y 2 L 2 8 1 B o b o TRV, VAR B
B4 1,2, 5,10, 20, 50, 100, 500ug/L. 435l Bt
FRs W, FH R B e vk B ol 100pg/L B AR T4
W o TE 0.1% 2K W h I 1000 < 1K MA L
WARE TAERCRT AR TAEME, BChilak 1. 2. 5. 10, 20,
50, 100, 500ng/L 5 ¥ fh 42 %5 W, PN b i WV B ol
100ng/L. FF5HTo

2 HiRG5ie
2.1 SRR

3 o A [5) RC d SCHR RS HER) BTE 13, B0 45  E
H AR BB B 7 528 1) o o 5 Bl DA B 14 A
RN Q1 HLHE | R4 AL R (CE HLE ) . Q3 HLJE .
Fe R AR L R AGE L HE R DL
TR (WO TR ) BB R B A5 24K, fE st
fitlh b, R TR AL S 56, B e e S 8. Horp 35
Py A= KA 8 B NAR YA BE B T, 58 % T 4
AQI L, CE HLHE . Q3 HL IR fb &l SR L4 1,
BEOHL RS 0, —0.5, -1, =2, =3, —4 Fil—4.5V,
DL ¥ 43 51k 50C . 200°C ., 250°C F1 300°C, /il #4
SRR 5. 8, 10, 12 F1 15L/min, T4
A3 15, 12, 10, 8 I SL/min, TS MBS 4
i Ay 201 /min, 4R350 250°C. 300°C, 350°C
F1400°C 3 LA L5, 5 Jm 0 S A F
2 1 H -3k V, 55 46 AU 3L/min, il $A3 E
10.0L/min, 4537 3 10.0L/min, £ [T 350°C,
DL i 150°C.

G333 G RV AR i Bl AE B B, LR AT
XFHTA: R o BRI 25 R e, & B $E £
WEVET ShAH B B, J7 vkl 2 08 v, IR AR, £k
PEAH O R B0, R 25 1R sl B
2.2 pH WHZIKEE S A 2R IR

ik R KA TRk s vk 3 141, PR IR A 1Y)
pH (EAR KRR Lo T ENMFAEEIEE. Rtk
T [ AR A BORE S E AR B AR OR Y L AR SRS

(1) 35 BT A R A3 Jm A [R50, APk | 4 ik B RN i
FREEFHAE 22 5K, W pH (EXTHE A4 04 Il
SRR o MRS pH (AR R, PUAERE FE
F77E 3 AR K LA Y AR AUV B,
AT S i L AS IR 36, e R RN R CR AR . i,
PUFRZEEHULE R (TCs) X pH 8 AR, FEmi: 45 1F
T2 e 2% 1 S AR AR R R figt S N, L B R 2
& pH WFHE bR, I IR R R 25 T T 55
B L RER RS BUAE R A T 5
RAFFFRIZI B R RS AR R
A R ARARFI N BE pH T nIISCRAR 22, FES5 B PE A%
PR, BRI R R ARYEATIASE IR 455, 35 Fidr
HEZS RS, Bl ST ) pH R 9.0, Rl B
PEVD A IRTRUD AL 2 P AR R IR A5 R 1) pH
4~ 4.5, Kl HAR 33 FiiE &

SEG AR, IR B LR R T VA R v 2
ANTELRME S FR, BEPG VD B AR TR MV T i 2R My A
R RBUNT 0.995, RFFAFRHEEER, I B IR
o MTESS B2 AF T, X P AP AE 1 [ i %A
S BA B 238, PrAE A RISCR SR 518 70.3% ~ 86.9%
H175.2% ~ 78.6%, ¥IREH /& SEHEoR o A SCHT
FEH, XTIk S D BB PE VD BE PR AR 2R A,
SR KEE pH AT 2 9 S5 FEATIE b . PNER
e L34 0y G 455 SRt 3 B ACRE rh R e A 2 vk
SHGARE S A T A [l CR T
2.3 AR R

T B AR K R 35 Rl 2k RARHEA I,
Fic il ok B AR FE R Sng/L BURE S 7 40y, $i BEEE S 4
MrBSRAR YR LRGN, B 7 YRR S AR A I 235 SR 47
S3HT, AR CORBE W I A3 BT R A v il T AR 5 000 )
(HJ 168—2020) A 5323 FEAK HFR (MDL), 47
UOMABREE i 52 E44{E 5 MDL HUEATE 2 ~ 5 Z [H]
PRG3R HE I sl Dk B, SR T AT AT
HEWEFE2~5 2 EEEWEE 2~ 5 Z M
MDL /£ RiZ A& ¥ i MDL, M3 1 4585347, I7
A BR A 0.1 ~ 5.2ng/L, K H FRAE AR, TEBH 4G
5k R i, 7 UG 45 SR A v i 22 450N, R
G35 R A, XK A R KA
REE mE A, 58 A REAS I 2 IR AR b Al A
MR,

¥ L) ] SPE-LC-MS/MS J7 ¥ #5535 Fl
P R R RN 0.29 ~ 4.03ng/L, ATk
K ah 5 2 ik, RA R mbe , SRV L 41
R BRI ED R S Bk &P a: h BR %,
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SFemg e, HAy 30 Fhpid: F AR HHBRES TR, S
D30T T 3 A8 5 M L A5 B R 7 R R R
0.74 ~ 3.28ng/L, £7 12 P RAFELEA ST LA
() 35 Fhird: 2, Horp 5 Aol 2 A0AG s FR &5 SR mg
1, Ay 7 Rl e 45 A LA

T 28 A YA €20 3% - R I T T A I K e AR
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Oscar % 2 K 4 T /K Rl %K 16 Rk
Singer % 127 K AR W) K (bt 4 %, Ding 45 12 i
MRS K T 4 PR IAN IR R PLIA R . ML T B4k
SPE A% B~ e 5 W AH €813 - R B — 7 DUARFF I i i, 7
LR A BT A 2 A BRI AR, 5 A SO gT 4
ST o FUAH B SOk R 38 1) 7 48 A BT AH 2335 -
FR I ST TR A K v B A R 0 ik, AR SO RO
BT AE R RPN 5 2, o FHYE B ), JEREARRR
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[, (A B (B2 2R s BR ARG, 2 ik e 28 AL B
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A= Z R H BRI T B85 T SCiR A (E, R, 7RS4
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Fig. 1 MRM chromatograms of antibiotics with acidic injection.
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o R RAG Y, R B A 43 5l AR Sng/L. 50ng/L
F1200ng/L, 1AW 24535018 62.1% ~ 93.1%. 65.4% ~
127% F165.9% ~ 124% K52 (RSD) 43510 1.65% ~
12.3%. 0.20% ~ 10.4% 11 0.05% ~ 9.92%

NG B FE 25 SO, br il L BER P 1 R T
A P A R S G 45 R A0 A X e 25 < 30%, 5
F2HE IR, ARSI T =R B Y 4 A DU A
SRR 9% BE Yo MR, W%y 1k R 9
RAF. MWIr e B E, B LR ALY
FEAR AR [T YR R 7E 60% ~ 160%, 7 512 56 i) 4K

2 TriKmbR ISR ARG SR SR AR (n=6)

T 18 05 ZAE 62.1% ~ 127%, T f2 br ol 0 50K,
VR IIASSE 6 7 2R 0 IE 0 B R A7 . 5 SRR E 45 AR
P dg 11020 243035536 1 A S S AR B ) R R4 AR
RS % B T SCHRHRGE A, 1E B B VS RS SCmk
2R3

3 SERRFE Y

X T R RS A 21 S A SR B Y Hb K
0.22um JEME LIRSS, 23 B 10mL %8 A 15mL i
JNIEH, SRIG IR T < 1000 4 EL I A bR TAE,

Table 2  Precision and accuracy of the method for the determination of 35 antibiotics (n=6).

- e i JbRHEE (Sng/L) JbRHEE (50ng/L) JbRHEE (200ng/L)

" (ng/L) FCR (%) RSD(%) IR (%) RSD(%) IR (%) RSD(%)
AT (LIN) ND 65.2 8.71 67.2 8.37 68.5 7.34
MEURER (PPA) ND 75.4 9.12 79.9 8.88 81.0 0.05
T HEEREIE (SA) ND 63.7 6.43 68.2 441 70.5 426
it 7> AL (ENO) ND 85.2 8.32 114 1.73 88.0 3.80
WP AL (NOR) ND 79.4 12.3 112 10.23 94.0 6.01
FAFIP AL (OFL) ND 70.5 5.34 71.5 2.39 75.6 1.04
TEE LM (SPD) ND 76.2 3.97 75.4 0.20 77.9 1.85
FE VAL (FLE) ND 70.3 12.2 68.8 8.92 71.5 9.92
T4 K (0TC) ND 62.1 6.85 65.4 5.87 67.7 3.40
HNTPA (CIP) ND 71.2 4.39 70.7 0.89 82.5 1.42
&LV A (LOM) ND 75.2 9.85 71.7 6.74 85.0 1.16
PUHE (TC) ND 69.1 7.69 79.9 0.62 70.2 4.47
BV 2 (ENR) ND 72.1 3.82 101 1.90 73.9 1.92
itk iz Y 1€ — 1k (SMTZ) ND 73.2 6.96 77.4 4.83 77.3 0.35
Tt e — F g e (SM12) ND 80.5 3.21 82.0 1.41 76.2 1.20
IBiEREE (SPI) ND 76.7 8.76 81.3 4.14 81.2 0.61
AJBAYPE (SPR) ND 72.1 10.2 76.6 8.46 73.7 436
XD A (DIF) ND 75.3 7.64 111 2.87 73.1 3.74
Tl Xt B 4R E (SMIT) ND 78.6 5.36 81.1 0.26 77.7 237
SR (CTO) ND 65.2 9.86 67.2 8.26 65.9 727
B R (DOX) ND 62.1 12.1 69.8 10.36 68.7 251
T ik % (SCPD) ND 723 6.78 79.6 0.58 80.0 1.19
PO TP AL (CIN) ND 93.1 5.74 119 3.47 124 237
TR e 48 — H &5 IE (SDO) ND 80.3 3.58 80.5 0.65 85.1 135
it e — P SR (S1Z) ND 71.2 2.46 75.3 1.53 78.2 0.74
HA#R (CAP) ND 65.1 5.64 68.6 2.99 735 1.56
FEMERR (OXA) ND 83.1 7.26 103 2.16 88.5 1.78
£I4R (ERY) ND 85.1 8.37 127 1.91 99.1 6.40
Tt iz ] — Y 42 B E (SDM) ND 723 456 74.5 1.69 81.6 0.12
BARER (ROX) ND 92.1 6.21 114 5.22 124 0.17
ZRBENR (NDA) ND 85.6 6.89 120 0.53 108 436
M (FLU) ND 90.3 1.65 119 0.40 93.6 0.70
ZEVEER (JOS) ND 87.6 5.82 116 451 123 1.86
TIPETP AL (MOX) ND 70.3 9.65 86.9 7.84 82.8 3.30
KFIP R (DAN) ND 76.1 8.78 75.2 8.84 78.6 2.36
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19 PERES FPAT AR AT BE A, KRN 90.5%; A9
b BLARS R B e, 1A% 98.2ng/L

21 A i [ e 2R FH 85 4R A6 00 5 1k R AT A0 A %o
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B BELITENIR AR B, Er A2 0 ~ 13.2%,
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W T B Bl A AE R X KR S E T & 4R L 1k
DRI Wi . B FE A SR, AR 3
Z/NiE, R Z | RERHG | SE RIS, A S MR,

FEZR SPE RARFHHEREF AR BEAE KRS IR AR
i P HERE B, S5V AR, B S AR L A
Sy iR FE AR AR, KRB i A B AT T 55 3,
T N KR AiAb B RE A, HAME APk,
HE B TRRE T LA T4 S A k) 24
PRUESE RS e M, TR 46 8 T RE SR Ab BEAS ], 45 )
TOrbiaE ¥ #8424 SPE-HPLC-MS/MS $5 A )i
HH, B KRN T B R AT, 1000mLx2
A 10mLx2 i, AR T3z 5 g 5 A . it
Ah, FE4% SPE 5 BS54k SPE FLA, (i FH A AR v I 0k

ESRIE MR S o 0L 71K B YV el i

Bl pg/L /N E ng/L, /0 THYUAEFIEFE&E, %
T REA

4 g

45 B FEZk SPE AR R IE AL FIR AR €033 - 53 1K T
WA R G, oL T oK 35 R R K
W5 ¥k, Hod Bt 21 (0.1% H BR /K ) _EFERY)
YA A 33 B, B S (0.1% Z0OK) BRER LA
A 2 Fh, JERERFIEY N 3mL, 7E 30min N 43 51 58
L — U PR AP ot R — R B A i i AR TR
M it B . 78 1~ 500ng/L #k B Fl Y,
35 PLAE R LM RAF, HHOC R B KT 0.995,
JIERHR 4 0.1 ~ 5.2ng/L. =FAmbrukEE T, [k
43 A 62.1% ~ 93.1%, 65.4% ~ 127% 1 65.9% ~
124%, AR FRUEN 2253 3N 1.65% ~ 12.3% . 0.20% ~
10.4% F1 0.05% ~ 9.92%. N FHiZ 7 %5 21 oK #
o35 AR RS TR, oA 13 AR R,
TR R] B R G AR IA B 90.5%, H: Yk S B R S
Kozt R 38.1%; FRIP A B i A= iiE) 98.2ng/L,
HygE R vD B K i fe s 18 51 68.4ng/L s

A SCHEST 1Y SPE-HPLC-MS/MS 55 FH 46 7 v
FA AR PR R R, RO TR A 3
IR, CRUE TR A R A — B, Dy vk A s BRI,
S48 A B ) R PR R MR, ST T KRR
st () RV ESE ARSI, W] Syt 22K v 2B 2105 Je v L R
U oalll g T o

Table 3 The detected antibiotics and their content ranges in samples.

FELR AN e ivall
PER Tl e IS ARG Feil R e ARG
an (%) (ng/L) an (%) (ng/L)

AR (LIN) 19 90.5 ND ~ 55.7 18 85.7 ND ~ 62.1
MLURAS (PPA) 2 9.5 ND ~ 48.0 2 9.5 ND ~ 52.0
SRIP A (OFL) 4 19.1 ND ~98.2 4 19.1 ND ~ 90.2

T ik (SPD) 8 38.1 ND -~ 5.6 3 38.1 ND ~ 6.1
WP U (FLE) 4 19.1 ND ~38.5 4 19.1 ND ~ 40.2
BaFrb 2 (ENR) 2 95 ND ~ 68.4 2 9.5 ND ~ 60.4
Tt e — H g e (SM2) 1 48 ND ~ 14.3 1 438 ND ~ 15.1
WIS (DIF) 5 23.8 ND ~40.5 5 23.8 ND ~ 40..5
18R (DOX) 1 48 ND ~33.7 1 48 ND ~36.2

Ttz S k%R (SCPD) 1 48 ND ~ 5.9 1 48 ND ~ 6.1
FH 4 (FLU) 1 48 ND~11.3 1 4.8 ND ~ 12.1
BEPHTPE (MOX) 1 4.8 ND ~ 25.8 1 48 ND ~ 26.5
KTV (DAN) 1 4.8 ND ~28.2 1 48 ND ~ 30.1
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Determination of 35 Antibiotics in Surface Water by High Performance
Liquid Chromatography-Tandem Mass Spectrometry with Online Solid-
Phase Extraction and Large-Volume Injection

LI Chaoqun1 , LI Lixiang2 , REN Yingjunl , ZHAO Jinhua', HUANG Gang3 , ZHOU Shiyang2 ,
LIU Liping', JIANG Jingsi', LIANG Feng'
(1. Hunan Geological Experimental and Testing Center, Changsha 410014, China;
2. Changsha Natural Resources Comprehensive Survey Center, China Geological Survey, Changsha 410600, China;
3. Analytical Applications Center, Shimadzu (China) Co., Ltd., Guangzhou Branch, Guangzhou 510656, China)

HIGHLIGHTS

(1) The sample pretreatment of the online SPE-HPLC-MS/MS method is simple, fast and convenient, which ensures
the consistency of the detection process. The detection method meets the requirements of antibiotic detection in
surface water with high accuracy and low detection limit.

(2) The developed method only required a 10mL sample. When the acidic and basic injection volume were both
3mL, the total sample run time was only 30min including sample uptake, injection, online preconcentration, and
detection.

(3) A method for continuous determination of 35 antibiotics by high-performance liquid chromatography-tandem
mass spectrometry (HPLC-MS/MS) was established. .

ABSTRACT: Antibiotics are one of the emerging pollutants of concern in the world. Fast and efficient analytical
methods for potential analysis of these pollutants are required, in order to control water quality and assure the safety
of its use as a source of drinking water. However, there are few comprehensive methods to test multiple types of
antibiotics in surface water. An online solid-phase extraction (SPE) of large-volume injection coupled with the high-
performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) method was used for the
simultaneous determination of 35 antibiotics in surface water, including 9 sulfonamides, 16 quinolones, 4
macrolides, 4 tetracyclines and 2 other classes. According to compound retention in SPE column and pH condition
experiments, moxifloxacin and danofloxacin were confirmed as alkaline injection (0.1% ammonia solution), while
the remaining 33 antibiotics were acidic injection (0.1% formic acid solution). The analytes were detected by
multiple reaction monitoring (MRM) mode and were quantified by an internal standard method. The correlation
coefficients of 35 antibiotics were greater than 0.995 with the calibration concentration range from 1-500ng/L. The
method limits of detection (MLD) were low, ranging between 0.1-5.2ng/L. At 3 spiked concentrations of 5ng/L,
50ng/L, and 200ng/L, the relative standard deviation (RSD) of matrix labeling (n=6) were 1.65%—12.3%,
0.2%—10.4% and 0.05%—9.92%, respectively. The recovery rate of target compounds spike in the water samples
were 62.1%—93.1%, 65.4%—127% and 65.9%—124%, respectively. The developed method only required a small
sample volume (10mL) and simple pretreatment. When the acidic and basic injection volume were both 3mL, the
total sample run time was only 30min including sample uptake, injection, online preconcentration, and detection.
The developed method was applied to the analysis of 35 antibiotics in 21 surface waters, of which the detection rate
of lincomycin reached 90.5%, and the highest content of ofloxacin reached 98.2ng/L. Compared with the
conventional offline detection method, the detection results of the two methods were consistent, but the online
detection method was simple, sensitive, accurate and fast, and capable of the real-time detection of water samples,
making it suitable for residual analysis of trace antibiotics in surface water.
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