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Determination of 48 kinds of antibiotics in fish muscle by ultra performance
liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To develop a method for detecting 48 kinds of antibiotics across 5 categories (macrolides,
quinolones, sulfonamides, tetracyclines, and amide antibiotics) in fish meat using ultrasonic extraction, solid-phase
extraction purification, and ultra performance liquid chromatography-tandem mass spectrometry. Methods Samples
were extracted using ethylene diamine tetraacetic acid disodium salt-Mcllvaine (Na,EDTA-Mcllvaine) buffer solution,
phosphate buffer, and a phosphate buffer-acetonitrile mixture. The combined extract was diluted to 100 mL, subjected to
hydrophilic-lipophilic balance (HLB) solid-phase extraction, and then evaporated to near dryness under nitrogen before
analysis. Separation was achieved using a BEH Ci; ultra performance liquid chromatography column with 0.1% formic

acid in methanol as the mobile phase. The detection method employed multi-reaction monitoring with positive and
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negative ion switching. Results The method demonstrated excellent linearity in quantifying the 48 kinds of antibiotics,

the determination coefficients were all greater than or equal to 0.9922. Limits of detection of method ranged from 0.02

to 0.47 pg/kg, while limits of detection ranged from 0.07 to 1.56 pg/kg. Recovery rates at 3 spiked levels ranged from

69.2% to 120.3%, with relative standard deviations ranging from 1.0% to 14.3%. The detection results of the actual

sample were also consistent with the results of the standard method. Conclusion This method is characterized by its

simplicity, speed, sensitivity, and reliability, rendering it suitable for the concurrent detection of 48 kinds of antibiotics

spanning 5 categories in fish meat.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; aquatic product; antibiotics;

solid-phase extraction
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I AR B 41 P24 de B B PR DX 7K™ b i R B
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W SR IR RIS BRI R TR 2 Y ik
TAIIE RO - AR I BT T ) SR FRORE €5 33 - R E iS
TS IEE S R TUIRE | R T R 2 2 P 5k B
BT TI5E, GB 31656.11—2021¢ £ i 2e 4 E R hnifE K
PR R TR SRR ME TR N IE )
43 )R F T S50 €0 3 v R RR € 3% - 8 BB 3 v %o Ak 7=
fh R 4 RO R IUA R T TIE, B H AR s U
TRRERIHINE KR NERZS . M TRERZS | RS . IR ERIEA
TR AR 5 KRG R | IR LA T IR I R 7K 7
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1.1 RS

10 738 AFE R [ BFAMATIE .

ZNE (A, 226 Tedia A F]); B ER(GLEE 99%,
ks, KE ACS b)), ZUKWhdkat, EZ5%H ik
FERAERAAD); £ M0 2R 0 ER - BR $h 2% vl
(ethylene diamine tetraacetic acid disodium salt-Mcllvaine,
Na,EDTA-Mcllvaine)Z& Mk (pH 4.0, RYITH AR A
FRAH]), BEHCESHES 48 Fhbisk AR (1000 mg/L)( k-
TSR AT B A F]); KHLPOL (434l  HiPO (4l
B 85%, AiEal)(RET R A=), g KA
Millipore #A4li7K R Gl % o

WelREh 2w Yl 27.2 g KH,PO, 55 1.3 mL H3PO,
FBAIKEARZE 1L (pH 2.5),

12 UFE5EE

Waters ACQUITY UPLC Xevo TQ i & A AR 43 - =
T DU R I BT R (A F W 25 25 ) . ACQUITY BEH
Cis (1541100 mmx2.1 mm, 1.7 pm), ACQUITY UPLC
HSS T3 {344 (100 mmx2.1 mm, 1.8 um)(3E [E Waters 23 1]);
Hettich ROTINA380 5.0 #L(1& [ Hettich Zentrifugen 2\ w]);
Multi-Pulse Vortexer VB424 24 {3 iR TiENR 17 7 (15 E Wiggens
/N H]); DC-24-RT FMAL . 3 /K 52 BE - 15 4 (hydrophilic-
lipophilic balance, HLB)[&E A1 B4+ (200 mg/6 mL). SE/K 1
B W 5 & ¥ 1€ B (polytetrafluoroethylene membrane,
PTFE) (0.22 pm)( b ¥ % 3% 52 50 B} 42 B A R A 7);
PL2002-IC HLFRKE[ERE 0.01 g, MFF8-FLRI 2103
AR A .

1.3 HIRETE
1.3.1 # &K
PRI 2 g S ¥ HLYY G (W I RE G (B,
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FH15E

Na,EDTA-Mcllvaine 2 W 10 mL, % 5EHEH 1 min /5
FEHEEL 10 min, 4500 r/min 2.0 5 min, WS F3EW; 5RE
S 10 mL BEBRERZZ s A 10 mL Z &/ BRh 2% vl
(V=) EE IR 2 K, &I 3 ERIUK, & %55 100 mL
JEIRAT, ¥ pH 3~3.5, fidik.
132 % f

U (HLB, 200 mg/6 mL)i4EH 6 mL %, 6 mL
ABAR AT o S ARR, WEEEHITE 5~6 mL/min Z247,
FESLEESEEE I, 10 mL B AKIE VEAE U, T
FH 3 mL BRI 3 mL 5%287K B FE BT B ARP i A T, i
ERVERE T 50°CF AR EIL T, S5 ZE/0.2% W i
KRVV=1T1D)EAZE 0.5 mL, i 0.22 pm %K% PTFE S8
(&), T80T,
1.4 (R EH
141 &iE5u

fai%FE: ACQUITY BEH Cig i H:(100 mmx2.1 mm,
1.7 pm); FRENHH A 5 0.1%H Rk : I BE=98:2 (V:V)IAW, i
BIiAH B O 0.1%F W2 P EE; M RIBRT: 0~0.25 min, 90%
A; 0.25~4.50 min, 90%~60% A; 4.51~6.00 min, 20%~5% A;
6.00~8.00 min, 5% A; 8.01~9.00 min, 90% A, Ji#: 0.35 mL/min;
FEilik: 40°C; HEFEHRE: 3 L,
142 FE&h

B FUE: HLE %S B 7 (electrospray ionization, ESI);
BB TR AR U IR 150°C; B4
BHE: 3.5 kV; LMD E: 50 L/h; BRI EE:
500°C; iAWk 900 L/h; WadAsst: £/ i
(multiple reaction monitoring, MRM)#& =,

1.5 EEALE
K Masslynx 4.1 X J 3% K60 P8 E 474 B Ab L,
WPS Office 2023 Xf S g ZuHa it A T 4& BN 314347 o

2 HR55%

2.1 FRiEFEEZREFART
211 R#FHmA

Bl 1 mg/L &Pk R0 —breimw, KA
Masslynx 3 {4-f Inlellistart DHAE, B shPLALIE f i 2L
PEALEE B F T8 F AL R DA RIS RE 25 i 45, LA
AT BAR A Bt e L, L) R B X
HEFLHLUE . RERERESE S B 1 R, Hep, A&ER. W
B R . FUORJE 765 R ma B s, MG R
T IES 3 F Ui
212 E#FHii

FERE S S 80U, B T ACQUITY UPLC
HSS T3 (100 mmx2.1 mm, 1.8 yum)#l ACQUITY BEH C {7

REFE(100 mmx2.1 mm, 1.7 pm)Xt 48 Rl Ak F 15 B 8UR,
S50 I, BEH Cg O BRI ) 438, A7 B F4r Befa st
SYBLENE Z R R, e BEH C g (i HEE T4
B IRIE AT 0.1%H R F1 5 mmol ZRREZIA BRI T T HER, &
BAE 0.1% P RRIKR TN, 4L KE - bE P B AL, Kk
BEF 0.1%F BRIE MK . FEXEEE A VE A HUARES, Joik
T 3T R AR R SF S B i () AR | 4R mA
W TR Y ARU M E ) (3 40 2 . B TEEI BT A B S R
T T3, WRREE 9B @1 0 BKs G v E 1
SE o TR 0.1% H AR A AILAE, D) AT DA SE B i 43 2,
LA LR 0.1% P BAENANIA . 48 Fhoid KM
B IE) DL 35 1
2.2 MBI EM
22,1 RITRHRA

Ve . Na,EDTA-Mcllvaine ZE i (pH 4.0)F1#E
PR 22 v Ve AR BUA ], M 48 Rtk R i
PRI, 455 %M, Na,EDTA-Mcllvaine 22 M fE B 3548 &5
PO BR 2% 21 [ iR O i 2 G ARV I k2 9 %o e A L2
FERERAC A A B 0 ISR  FERE U R HR 3 2 i 1
P, AR A DU E B, B S
[ Wi 5 I 2 B AR I L £ A 20 2 I s 0 2 o s ),
AU 2230 233t IR 24 03 22 3 B0k 45 2 (PR
BB 0, W2 BRI R IR BRSSP A R 1
e 22 R RIZSAIPT A AR, DR IR &k
FH 10 mL Na,EDTA Mcllvaine 2 i . 10 mL BEEREL 2% v
TR 10 mL 2 /B Eh 22 il (V-V=1: DYE R EGH
222 BT ke RAL

HLB /IR BT A 3G Ak b d5c 5 A0 A ZE BN,
W2 AT BFIESS A ] HLB /MR R A, WPEE
SRRV R o AN [ PR VA W R e AR R B R B, 2k
TR EE AN S%EK IR, AE 5525 1R v s T 2 14 [
e P01 S 150 A A S IS A R B 2% 1 T AR S Uk
Jio YVEBEE A A E] 3 mL FIEEH 3 mL 5% /K 1Y F
I, B AL IR AR, RS T 0 22 i e B v )
VS 58 22 2% SO A i U Bt [
2.3 ZMSERESH R

FERALIE RIS T T T ke 58, Bl T 48
P AR 3R A SR DCRCAR MRV W, RS 3 ul, DL HAR S
AU TR AR ()X R, 1) B B R BE (X, /L) b i £k, 45
AN 2 FR. 48 R RAE 1~200 pg/L J5i v B S Bl N
MR R RAF, o RO K THT 09922, XLk
1 PR (Bl )2 [T VE ORI R 740, DA 3 AR L
(SN 7712 LODs, LA 10 f5{EME (SN & 7712 LOQs.
ZNER 2 PR, 48 FiiEZ K LODs i 0.02~0.47 pg/ke,
LOQs 4 0.07~1.56 png/kg, BiBHZMT 2 RIS &, W2
R 5 oK o



5515 1 S, S5 R R RO € - H I T R A £ (R rh 48 AR E 237
Fz1 BHIMERZBANNRIERY
Table 1 Mass spectrum conditions of 48 kinds of residual components of antibiotics

buEE BT HRX EST  (REBE/min BE Tz FEFWz) WEEEs HEFLE SV il fE/ vV
it e s Pk + 1.40 215.0 156.0%/108.0 0.050 17 12/18
itk iz he e + 2.16 250.0 156.0%/108.0 0.026 25 16/25
it g v + 1.73 251.0 156.0%/92.0 0.050 25 15/27
ik e FY S + 3.53 254.0 156.0%/92.0 0.006 25 16/26
Tk i 1o e + 1.97 256.0 156.0%/92.0 0.050 23 15/25
WE s i + 5.13 262.0 244.0%/216.0 0.011 24 19/30
I g + 5.47 262.1 202.0%/244.0 0.007 26 32/21
it frle FR L i + 2.35 265.0 156.0%/92.0 0.017 26 15/28
itk e — PP S5 e + 3.86 268.0 156.0%/92.0 0.006 22 13/28
itk i P 1 — s + 2.89 271.0 156.0%/92.0 0.006 19 15/30
itk e — P s + 2.96 279.1 186.0%/92.0 0.006 30 16/28
i Ji 1) Y 4 i + 2.78 281.0 156.0%/92.0 0.006 27 22/35
ik Jie Y AR Ik 18 + 3.13 281.0 156.0%/215.0 0.006 30 30/25
T e Y 4 i + 3.59 281.0 156.0%/215.0 0.006 25 20/30
T Jie S BB R + 3.38 285.1 156.0%/92.0 0.006 22 15/28
kNS + 2.81 291.0 230.0%/123.0 0.006 35 25/27
itk i s b + 521 301.1 156.1%/92.2 0.011 23 16/30
Ttk Jie 2 + 3.83 311.0 156.0%/92.0 0.006 27 15/32
it fide 6] — Y 4R M + 4.94 311.1 156.0%/92.0 0.011 28 20/32
ik Jie 2R i + 4.55 315.0 160.0*/156.0 0.025 30 25/25
Wi A + 3.15 320.1 233.0%/276.1 0.006 32 25/20
e B + 3.04 321.1 232.0%/303.1 0.006 32 30/35
BRI + 3.31 332.1 314.1%/288.1 0.006 32 18/22
Y R + 3.03 334.1 316.1%/290.1 0.006 34 20/18
KRR + 3.55 352.1 265.1%/308.1 0.006 31 22/16
buy TR + 3.45 358.2 340.2%/96.0 0.006 34 23/25
B 2 + 3.43 360.2 316.1%/245.0 0.006 32 22/20
AR + 3.01 362.1 261.1%/318.1 0.006 31 25/20
JRER YD B + 2.68 363.1 72.0%/320.0 0.006 27 20/15
WU A + 2.78 370.1 326.1%/269.1 0.006 34 19/25
JIE=20 + 4.09 376.1 332.1%/289.1 0.036 34 19/28
Whivh & + 3.86 386.2 342.1%/299.1 0.006 37 18/27
HIMAT A + 4.41 393.2 349.1%/292.1 0.025 37 20/24
—H R + 3.69 400.2 356.1%/299.0 0.006 37 21/27
[EWIE S 3 + 5.37 4452 428.2%/154.0 0.007 25 20/28
PUIRE + 3.25 4453 410.2%/154.0 0.006 22 20/26
THR + 3.37 461.2 426.2%/443.1 0.006 22 19/13
SHR + 4.67 479.3 444.2%/462.2 0.025 27 20/18
Vil e g + 5.41 531.1 243.9%/81.8 0.007 58 34/38
WAk EE + 5.42 716.5 158.1%/82.9 0.007 22 28/48
FAR: ¥ + 5.41 734.4 158.1%/576.3 0.007 29 30/20
TR R + 5.44 748.4 158.2#/590.4 0.007 40 30/18
P& 75 2% + 5.33 749.4 158.1%/116.0 0.007 48 38/40
BOBR + 5.44 837.5 158.0%/679.2 0.007 37 30/20
BREGR + 5.39 916.5 174.1%/101.1 0.007 57 40/45
AHR - 4.77 321.0 257.1%/152.1 0.012 25 12/18
HER - 2.68 353.8 290.0%/184.9 0.007 32 12/20
FEJE - 3.62 355.9 336.0%/185.0 0.006 24 10/18

W SERB T +0E
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Table 2 Linear ranges, linear regression equations, correlation coefficients (r?), LODs and LOQs of 48 kinds of antibiotics

biE#R R MEYE [/ (ug/L) FrRUE 2T 7 JeEZBU(r)  LODs/(pg/kg)  LOQs/(ug/kg)
i P it 7 1~200 Y=363.62X+960.97 0.9976 0.20 0.67
it g it e 1~200 Y=395.06X+257.29 0.9997 0.22 0.74
it fg s e 1~200 Y=416.78X+405.39 0.9995 0.14 0.47
i Jig F e 1~200 Y=238.52%+310.05 0.9986 0.16 0.52
it g o e 1~200 Y=478.67X-483.94 0.9997 0.08 0.25
s 1~200 Y=1296.4X+147.3 0.9998 0.09 0.30
oL 1~200 Y=1411.9X+7067.6 0.9946 0.12 0.39
it frle FPY s g 1~200 Y=264.1X+163.59 0.9997 0.10 0.32
it frle — P S5 e 1~200 Y=271.06X+166.65 0.9996 0.10 0.32
it frie P e e 1~200 Y=257.75X+23.482 0.9997 0.11 0.35
itk e — P e 1~200 Y=322.27X+638.78 0.9982 0.03 0.10
i e [i) P 4o i 1~200 Y=138.51X+154.49 0.9981 0.08 0.25
T Jie R ARk 18 1~200 Y=66.632X-6.4256 0.9994 0.03 0.09
T e %o} HH A s e 1~200 Y=332.66X-473.17 0.9997 0.04 0.12
T Jie Sk 1R 1~200 Y=191.48X-92.547 1.0000 0.04 0.14
LR 1~200 Y=735.07%+1038.1 0.9993 0.04 0.12
it flg e 1 o 1~200 Y=263.04X-193.98 0.9992 0.13 0.42
Tt e 2% 1~200 Y=464.01X+537.36 0.9991 0.06 0.20
it iz 1] — Y 4 e 1~200 Y=710.34X+61.012 0.9999 0.09 0.29
T JHe A e e 1~200 Y=348.48X+322.48 0.9995 0.16 0.54
WD AL 1~200 Y=96.583X+196.92 0.9974 0.13 0.42
RS A 1~200 Y=211.37X+833.68 0.9922 0.16 0.54
RNV AL 1~200 Y=302.52X-210.75 0.9997 0.09 0.30
KR 1~200 Y=477.92X-526.32 0.9994 0.09 0.29
KRR 1~200 Y=735.69X+9.0895 0.9999 0.05 0.15
KA 1~200 Y=493.13X-1354.4 0.9985 0.10 0.34
R 1~200 Y=452.66X+188.94 1.0000 0.10 0.32
AR R 1~200 Y=684.54X+2824 0.9947 0.06 0.20
FRER VD A 1~200 Y=285.32X+610.94 0.9987 0.27 0.89
R 1~200 Y=243.32X+98.053 0.9997 0.16 0.52
v 2 1~200 Y=332.45X-209.64 0.9999 0.07 0.22
FE ALY 1~200 Y=92.141X%+77.381 0.9976 0.10 0.34
HIWAY AL 1~200 Y=750.36X-35.939 1.0000 0.03 0.09
TR 1~200 Y=167.96X-27.779 0.9996 0.02 0.07
iR 1~200 Y=299.55X+147.93 1.0000 0.17 0.57
UIEZS-3 1~200 Y=17.239X-28.915 0.9991 0.31 1.02
TEE 1~200 Y=46.482X+19.791 0.9961 0.02 0.07
SRR 1~200 Y=24.43X-17.095 0.9995 0.15 0.49
il 5 e 1~200 Y=116.66X+724.4 0.9978 0.26 0.87
Wik L1552 1~200 Y=951.57X+3256.8 0.9947 0.10 0.34
ER 1~200 Y=1318.7X+440.69 0.9997 0.13 0.42
GRIEE N 1~200 Y=1200.8X+4951 0.9949 0.07 0.24
Par &R 1~200 Y=238.03X-451.54 0.9978 0.12 0.40
BLIBR 1~200 Y=687.13X+300.13 0.9999 0.15 0.49
BIRBR 1~200 Y=310.7X+944.06 0.9926 0.20 0.65
AER 1~200 Y=28.22X+161.84 0.9947 0.29 0.96
&R 1~200 Y=29.25X+115.47 0.9969 0.35 1.16
FARJEFE 1~200 Y=58.891X%+264.71 0.9940 0.47 1.56

A BR (limits of detection, LODs); & #& PR (limits of quantification, LOQs).
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24 EFRHMN

N SR R A AR, A A B L B P AR B TR R
RSN IR, 2xXd B ARSI 2 R AR
PR A AR KR MR PO AT B R A R A MER T, R AR
W5k % 5T B tr b A Y0 3k B RN (matrix  effect,
ME). 43 5l F 4l 70 A0 60 1R 2 10 R o B TDOVR I 1) 55 I
e AR T VR TR (T Rl 50 pg/L), 45 SR 3 &
iR 3 R, AERE 25 Fhbud: R R M 59 AL
Ni(0.8<ME<1.2), WEREREIESE 13 FibiE R EBI H5E
R B 5L AW (0.5<ME<0.8 8 1.2<ME<1.5), Wi x%
10 FhFEI 58 B R4 )M (ME<0.5 8% 1.5<ME), #&%|
— 2 T A 2R AR I A v A S R O 0N, B R S B AN,

R T PR UEAG I 25 S R R, TR SE B S R I 2o R
2 {ofT Y 5 IO UG A o V5 VA R A 2880 T B3R B 80 Xof
RIS e o e
2.5 [EWEFIEEE

2 B E) H AE G 28 B AR kR IR AR R 2,
PR AR I 9 9% £ PR (B ) VRS AR B, TR 5 T SR
FEZS (I RFES I 3 AR EE KSR T IR SE 5, Mk
FEARYR M 2.5.10.0.50.0 pg/kg, FENKEEATINE 6 Ik,
PR 7R T ER I . ek, IR R T DG AR A
T35 R FORG 2 B o 450N 3 iR, 48 Rl %
(49 DR TE 69.2%~120.3%22 6], RSDs 3t 4 1.0%~14.3%
PR 2 T R ER .

R3 INFMKETERD 48 FinE RZBESWERER. HBEE(=6)LLK% ME (n=3)
Table 3 Recoveries and precisions (N=6) of 48 kinds of antibiotics in fish at 3 levels and ME (n=3)

il B %% RSDs/%
AR
ME' RSDs/% 2.5 ng/kg 10.0 pg/kg 50.0 pg/kg 2.5 ng/kg 10.0 pg/kg 50.0 ng/kg

i e S T 0.78 2.0 73.8 69.8 78.8 9.7 6.5 3.4
Tk Jre it ne 1.01 35 83.2 79.3 83.0 5.6 4.5 7.4
Tk g o 1.17 1.9 92.8 88.0 84.2 6.8 6.7 9.0
ik i FH SO 1.02 1.3 88.6 80.5 88.2 5.3 3.2 4.7
it g v e 1.18 1.4 89.4 81.3 76.3 6.0 5.9 7.7
W R 1.78 4.0 96.7 87.9 86.8 7.2 9.0 5.1
8L e 0.46 1.3 92.7 90.7 89.1 8.1 8.0 6.3
ik e R ks e 0.97 0.9 81.4 74.0 86.0 3.9 3.8 8.5
Tk e — FR S e 1.15 0.8 79.2 77.6 84.7 3.5 3.4 55
ik e FF g e 1.02 3.4 79.3 73.9 79.4 7.8 9.6 6.6
it e — 1 g e 1.13 0.8 75.5 74.0 82.6 5.8 5.7 8.5
itk i [ FY 4 0.88 2.2 83.4 86.6 82.6 4.1 1.1 5.1
itk Jie R A Ik g 1.16 6.3 82.3 80.7 77.1 5.6 8.4 6.3
iRk Jhe o FR A s i 1.40 6.7 92.7 90.9 88.1 7.2 7.0 6.0
Tk e S ik g 0.96 8.2 82.4 80.8 85.0 6.8 6.6 10.7
A IE 1.04 2.5 89.2 87.4 83.0 8.5 35 6.4
it g o I b 1.47 4.2 69.2 69.9 74.6 11.5 10.3 3.0
Tt 2 1.01 2.0 86.0 84.4 89.0 8.1 11.1 9.5
T ] —HAABERE 2,50 5.6 81.8 83.1 83.5 6.6 8.6 9.6
Tk P A e 1.06 2.0 83.7 76.1 77.5 6.5 4.4 7.1
R A 1.02 0.5 113.0 93.6 91.4 8.5 8.3 8.1
s A 1.22 2.4 86.7 78.8 90.9 7.1 6.9 11.8
WA 1.12 1.0 91.3 85.8 84.5 8.8 7.7 7.9
Kb A 1.30 55 105.8 96.2 90.2 2.9 1.9 113
KEDE 0.94 1.4 94.0 94.6 91.7 4.4 3.4 6.4
EriY RIS 1.22 53 104.3 94.9 86.8 8.0 7.9 7.9
R R 1.29 0.9 100.2 96.5 82.5 12.6 10.4 4.8
£ R 1.03 23 100.1 91.0 83.2 59 5.8 6.3
JRRARTD L 0.65 0.6 79.4 77.9 85.9 3.9 3.8 3.9
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=34
il M 2% RSDs/%
B %
ME' RSDs/% 2.5 pg/kg 10.0 pg/kg 50.0 pg/kg 2.5 pg/kg 10.0 pg/kg 50.0 ng/kg

WE U A 0.82 0.6 86.8 85.1 89.0 7.5 5.4 6.1
v A 1.06 1.8 91.4 89.6 92.0 13.6 14.3 1.0
S ALY 1.05 5.9 78.9 77.4 86.0 7.5 5.4 5.8
HAY A 1.02 5.9 88.7 87.0 86.6 3.6 2.6 5.6
TR A 1.19 3.4 88.6 86.9 923 6.5 5.4 7.4
RIVFR 0.57 4.0 103.9 101.9 86.1 7.9 5.8 10.8
PUFFE 1.86 5.8 91.1 89.3 84.8 6.0 49 8.4
TH#ER 1.73 5.8 88.4 86.6 87.5 5.7 4.6 42
HHR 1.81 0.9 92.1 90.3 77.0 8.2 9.0 9.8
Tl 0.52 1.4 79.4 99.5 71.8 5.5 6.3 4.9
WKL B 0.49 0.9 120.3 118.0 107.2 32 42 1.8
AR 0.97 2.5 79.4 77.8 72.1 4.1 3.0 4.0
TP 0.28 0.7 112.4 102.2 93.3 6.5 8.3 5.8
B 23 R 2% 0.67 0.4 82.5 89.7 87.3 7.4 8.2 13.3
AR+ 1.46 2.2 91.0 97.8 95.8 4.6 5.5 42
RREGR 0.48 7.0 92.5 100.5 98.6 5.9 6.8 5.3
AH/R 0.82 3.9 86.9 94.4 76.4 5.4 72 4.4
&R 1.52 2.7 90.6 98.5 88.7 3.6 45 7.9
HAREH 1.28 5.4 94.8 103.1 87.8 2.8 3.6 5.0

E: 1. ME=A/B, 3P ARIRAE AL BT AR AR 7 5t 20 A W B R N, B SRR TESRIAR) vh AT B B . 2. [ADICAE/%=C,/Cox 100%,
Frp: C A FVRE S TP S I AE 3R B D58 {RL, ng/ke; Co 2423 FARE A B2 IBCHRAS I R 440 AR 2R B0 A8 {EL, ng/kgo ARXIAR M 22 (relative
standard deviations, RSDs).

2.6 SEPRFEmAVIS

IR i R AR R XU M IR B T A T BB S E

K UEAS I iyl He, [RIATT A B AR KA oK
B PTA R R B AEOL, SRASHF RN I 5 % 10 (3 B 2R
FAFEM AT TR 25 R RI, B | EFare s p i h i
FUR, SEN 3.2 pgke; 1 (yEIEAE S A H A B R,
RN 2.5 ng/kg. R GB 31658.17—2021 XX B FE
TP TRK, SR aRER PR SRR 3.5 ng/ke, )
ke PR RSN 2.1 pgkg, EMAERM—F, X
Ut BHASIF 5T G 57 (19 7 ik vl T AR S R A AR e
PR F o B

3 & 1

ABIF ST 1 R AR € 3 - P B B 3 [ 0
AR 48 BT B 7 ik o RE AR AT PRI, AR 2E
Bl ST — AT R . — AR AT LAZE 9 min
INSERUR RIRNERZE | MEVRIRZE | RS | DUBR R 28 FImE
JEmEdE 5 REPUERBRIRIIRE o XF Ak, %05k
HARBOs e, it iaeg . ot H 22008, I H
D515 LOQs LA F AR HES X 7K 7 it b A= 236 5% B Pk (i
AORLRE, BE ARG T RO TSR, DA AR G A DN LA T Jié
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