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Determination of 46 kinds of antibiotic residues in animal muscle tissues by
solid-phase extraction purification-ultra performance liquid
chromatography-tandem mass spectrometry

GONG Lei"**, WANG Wei'**", HAN Zhi'*?, JI Wei-Hao"**, FAN Xiao-Long'*”,
LI Yue"*?, LI Fan'??
(1. Hubei Provincial Institute for Food Supervision and Test, Wuhan 430075, China; 2. Key Laboratory of Detection

Technology of Focus Chemical Hazards in Animal-derived Food, State Administration for Market Regulation, Wuhan
430075, China; 3. Hubei Shizhen Laboratory, Wuhan 430065, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of 46 kinds of antibiotic
residues including 22 kinds of sulfonamides, 15 kinds of quinolones, 9 kinds of nitroimidazoles in animal muscle
tissues by ultra performance liquid chromatography-tandem mass spectrometry. Methods The samples were

extracted by 90% acetonitrile aqueous solution, purified by PRiME HLB solid-phase extraction column, concentrated
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by nitrogen blowing and converted to solvent, and determined by ultra performance liquid chromatography-tandem

mass spectrometry. The mobile phase consisted of 0.1% formic acid in water and acetonitrile, with gradient elution.

Detection was performed in multiple reaction monitoring mode, and quantification was carried out using the external

standard method. Results

The 46 kinds of antibiotics showed good linear relations within their respective

concentration ranges, with limits of quantitation ranging from 1-5 pg/kg. The average recovery rates were 60.2% to

106.8%, and the relative standard deviations were 0.2% to 12.2%. Conclusion This method features high detection

efficiency and high throughput, and can meet the rapid screening requirements of sulfonamides, quinolones and

nitroimidazoles in animal muscle tissues.

KEY WORDS: quinolones; sulfonamides; nitroimidazole; ultra performance liquid chromatography-tandem mass

spectrometry; solid-phase extraction purification; muscle tissues
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1.1 KSR

15 FimdsTRTATR A PR UETA TR . 22 PRI A PR UETATR L 9
T R K e YR 5 AR A VR (T MR B 1 100 pg/mL, 155%
R IR ABRA D, FIR. JHE(Tigal, 515 Meker
/A+]); PRIME HLB [EA#£ BNV (200 mg, 6 mL, 3 [
Waters 23 F)

T I S I P I R B
12 UFE5EE

MultiVortex i8R A7 ( MAFZ AR A BRA F);
Auto EVA 80 4> H sl AWMAX (& I TERHER B A L2 H);
CLT55 AR 5 iR 2. OALGH R A SE g0 AL T R A IR A
#l); UPLC/TQ-S MS/MS ¥ M (2 3 5 16 ST % (45 Masslynx
B, 25 [ Waters 23 7)); Milli-Q 8 4l 7K A% (5 [ 235 FR s\ 7)),
ACQUITY UPLC BEH C g fi%H:(2.1 mmx50 mm, 1.7 um,
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2 [E Waters /A 7)); ME204E 4347 - [ Mg 4545046 F1)
Z( ) HRAHE].
1.3 /5 &
1.3.1  AREE R EA

B 15 s i .22 R 9 FhASSEEDkMESS 1.000 mL
F 100.00 mL FREZEER T, FFHF B A 2208, Bl 6
JRHREE N 1.0 pg/mL IRFRARE IR, 5 R RIAR E T,
F-20 CORH AT o Ife FISE, B IRFRFRER AL, RE
i, BBGEE TR, F 0.1%H BR K- 2 85 (95:5,
VV)BLHIARE TAE R, Brii 8 FA 1~100 ng/mL.
1.3.2 Heuaia#

(DHFHL

FRIBUAREE S 2 gCHEHHE] 0.01 @) T 50 mL 2.0, W
BIIMA 90%Z /K& 10 mL, I A—FHFEF, 3000 r/min
TARERREL 10 min, 4000 r/min 5.0 5 min, .

()b

# PRiIME HLB /pT:(6 mL, 200 mg)/H 1 mL Z &7
Jai, BUAR FIEWGE A, fRadiithE, Fn 1 mL Z0ETE
FE, T AR A IO, e AR T 20 AR
T 45 CAM T AR ERT(<1.0 mL), N 0.1%H fRK-2.JFE
(95:5, V:V)ZE 2 mL, #BEIRA], 2 0.22 pm A HLIEHE T HEFE

A, R
133 FHRORAR & 38%- B B RS A4

(DA TS A1

{6,384 ) ACQUITY UPLC BEH Ci5 (2.1 mmx50 mm,
1.7 pm), JahAH: A IRFECR 0.1%H BRK W, B H &
Jif; W 0.3 mL/min, FEIR 35 °C, #EREER 2 pL, BHEEVEN
HARGAMEILER L.

=1 46 TITERBE R EH

Table 1 Gradient elution conditions for 46 kinds of antibiotics

WHE/min JEIA A RBUMU% TS B AR %

0 95 5

2.0 85 15

5.0 60 40

7.0 5 95

7.1 95 5

9.0 95 5
Q)i &

It

HA, I6% 2% 2 ¥~ (electrospray ionization, ESI)1F & 1§
fil, BAVEHRIE 3.0 kV; HEALHETE 40 Vi B R IR
450 °C; JBVAF ALt 800 L/h; Wi Jral: 2 B il
(multiple reaction monitoring, MRM) Wi il &4 X} Fl i i 2
Bk 2.
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Table 2 Mass spectrometry parameters of 46 kinds of antibiotics

5 & BB T(m/2) FEF(mz) RS R /V Rl g /v
1 T e ok 215.1 156.0%, 108.0 30 16, 30
2 AR 291.2 123.1%, 261.1 30 27,28
3 itk il — P S5 g g 279.1 124.1%*,186.0 30 21,16
4 i e s 15 215.0 155.9%,108.0 17 12,18
5 T i v i 251.1 156.0%, 92.1 25 15,27
6 itk e i e 250.1 156.0%,92.0 28 16, 30
7 it frlg W e 256.0 156.0%, 92.1 23 15,25
8 it frig Y e g 265.1 156.0%, 92.1 26 15,28
9 it fie — Y e 268.1 156.0%, 113.0 30 22,24
10 Tk e — F i 279.1 186.1%,92.1 30 16, 28
11 it frle FP 4R A 1R 281.1 156.2%, 126.0 28 15,22
12 i fre FY 1 — e 271.0 156.0%,92.0 19 15,30
13 it Jrde el 4 5 281.1 156.0%, 92.0 27 15,30
14 i Jie 1) P 4 281.0 92.0%, 156.0 27 35,22
15 T JHe SRR 285.0 156.0%, 92.1 22 15,28
16 it e 408 — Y 4 g 311.1 156.0%, 92.1 27 15,32
17 it frig R e 254.1 92.1%, 156.0 25 26,16
18 it frig S5 e 268.1 156.0%,92.0 22 13,28
19 T JHE 2R 277.1 155.9%,92.1 30 17,24
20 T e — A A s 311.1 156.0%, 92.1 27 15,32
21 it fle P 2 o 301.1 156.0%, 92.0 30 16, 30
22 it frie R i mee 315.1 158.1%,92.0 27 28, 42
23 IR 370.1 326.1%,269.1 34 19,25
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=28
75 &Y BEEF(m/2) FET(m2) RS /v Tl fE eV
24 R 362.1 318.1%,261.1 31 20, 25
25 Wi A 320.1 233.0%, 276.1 32 25,20
26 e B 321.1 303.1,233.9 30 19,22
27 BN 332.1 288.1% 314.1 32 18,22
28 B2 360.2 245.0%,316.1 32 20, 22
29 KEUR 352.1 265.1%,308.1 31 22,16
30 FHAT R 358.2 96.0%, 314.1 32 25,20
31 BV A 396.1 352.0%,295.0 20 17,24
32 BRI A 400.2 356.1%,299.0 37 21,27
33 Vi R 386.2 299.1%,342.1 37 27,18
34 AIMAT A 393.2 349.1%,292.1 37 20, 24
35 S R 262.0 244.0%,216.0 30 19, 30
36 I 262.1 244.0%,202.0 30 21,32
37 ey kU 334.1 316.1%,390.1 34 19,19
38 P2 I F i 188.0 126.0%, 123.0 30 15,15
39 2- 35l JL I e 128.0 81.9%, 111.0 30 16, 14
40 1- -5l -2 -3 HY s 158.0 140.0*, 55.0 30 12,15
41 F T g 172.0 128.0%, 82.0 30 15,21
42 T TRk T 201.0 140.0%, 55.0 30 10, 20
43 b ZE A 142.0 96.0%, 81.0 30 15,22
44 554 1-FF -4 Tl RL g 162.0 116.0%, 144.9 20 17,15
45 S-f FEAR I 164.0 118.0%,91.0 18 18,32
46 S DA TR e 170.0 124.0%,109.0 32 16, 25

eSO by S
1.4 HIFENIE

AW 5T T8 BB R 258 0 BN R B E
AT E Waters Masslynx V4.2 B 5L, BrA kil
g LA 3 22 /0 2 YO58 S B S E bR SE R 6 YR
F)HATAHT . R WPS Office 2023 #4750 A 31 5 55 3
434, SR Origin 9.0 #HT42 A,

2 EREHR

21 BERHMRK

AT AT 4 XS SRR, TCIRAE G EE T4y
B, TRk b STEE A B AT LA 1 B i, T
VO e MOV R, SR H AR LA I A R st
Vi) 25 5, AT SE2 B 235 ) AR AL P[] 43 S A AR € 3 A o 1 i
BB . AW 5% GB 31658.17—2021 i shHH R vk i
BERE, e 0.1%F BK A CIEVE N sh A, 8 xd 284 Hl
AH LGN BERE 18], (675 46 AL S WM ETH0/0, &
T, BEAb, AL R ke B A B, A O A X B
AT A R R, N T B MRM SE A EEF T4 B,
HLOR ] 7] SRy B i A5 0 O BR B TRD A JS 30 s & 1 4R
LG 46 FifiAd F o BB TSME . 4 SA FE i by
AR BT, B 2 yas AR T IR, B/ 3 R TN

vz 268.1 [Tk i FF s R e Sl 33 3 TR, B
843514 3.09 min F1 4.56 min; & 4 B F R mvz 279.1
V4 it e Y S s e A P P o € 1% 43 S L, {5 A B 7
20504 1.73 min A1 3.08 min, & 5 HHEET A mvz281.1 Y
T e RSB S | i ok P AU | T I PR AR E 1Y) € %
Ay B, AR EBETE 450k 3.28.3.38 1 3.86 min; &l 6 Ktk
BT vz 3111 AT AR — P AR M e RO e — FP AR M e
P B &, PREET R 43512 4.25 min F1 5.09 min.
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Fig.1 Overlay plot of quantitative ions for 46 kinds of antibiotics
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F#OR
CNERAVIEER A IS E 2S4S, R
WU £ PR 2k B A L AR O RO AR g
TN, 90%LNE . 80%Z M5B BUICR, Bt &
NGRS A T, B R K . R R R | R
B e, $RECHCR A &, HJE B MR, (5 20 2 i 4 HL,
HARBORAET 50%, 33X 0] BE S DR A il e it 1ok 431 Hh 5 A5 Ttk
Pt e 3 (-SO,NH.) Fll £ Bt 3 (-COCHS3), &AMy M4, Hoy
T IRIAAAE VA, 5 O A A 55 i s 7 v 7
il B A, T AR AR R, R SR AR A P
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VAR BE T AR, AN BEAIR AR i e I TBE 4R 1L, 5 B UK
AR T 90% 2 i KA 80% £ il /K B RE A AHUI
NI AR F AR, R BAET 90% LR I
AR A T 80% LK, T 3 Al AN i) i) i Bk wig
WAL S Wi/, I ERR, 85 90% 2K
Ve ARG .

232 % A&

YL AL A KRB NER R | GREYR,

B5 THRAGRRW, BT HRIAES . WUNEFTROY, Bl
H AT AR 24 HRTET S Sh L L8 h 25 5% 5
Wk X A AE (. QUECKhERSP® | Wi 4 BIUAE
BT 5 ok o AR A UM A itk . R
AR P, B SR SR Sh I £ R 2 R B A
MR E R ik . AT S BESCHk[29-301)5, BRI
PRIiME HLB (200 mg, 6 mL)4k, 2 RHR, LM
BERE I L TR 46 RS R
24 EFRMN

LRV (matrix effects, ME)J&48 M 7E 4 5 7
rp L o B T R T I R ) A 2 5, T AN 3 R
B IR, BT RE S s HARME A P G T
Dy FTEL L R, DA B I B RGO, 5 e
SEIR A HERPER Y ME=(JE 5 VT B A o il 28 L 2R/ 25 IR
FIFR e 2R R %-1)x100%., ME 7E£20%2 [7] 455 ME, 5%
Wi ] Z 0% A3t , ME 7E £20%~+50% 2 8] 25 o i ME,
ME>50%EE # ME<-50% A3 ME, ME #5%, X 22 &[5

SESRAR, LIRS IO ICER, HEIE 1.3 A, 45
SR 46 PR R ME TE£20%2 1], 156 BB 58, A
TV A T I R A T R
25 ZMXREEER

IR RR 1.3 (WXt RANR A i WO 7 A,
VLA HE ) J5T 17 5 2 U B2 S R AR BR (X, ng/mL), DAAH I )
JE T FUETTAUCIALAR(Y), ZfilbruEthisk, hik 3 al,
2 46 FhHiAE R BT VR BETE 1~100 ng/mL JEEIR, LMECR
RAF, r? #KTF 0.99, RBUEE 45 [HRBE 3 G B vk 7
B 5 0 R B o AN R0 o B FROK T N &L A e
BT XHEME I RTF 10, HARZM: 5 R AE SR IWLE 3.
LR T LR AR A RE RS, TR S 40
T B R E kIl e
2.6 MEREIYSERFEEE

Fi2 I8 GB/T 27404—2008 { 523623 R hilie &5
BLIR A ol IR 11T 191 o I o o I € P I Y S R E B Y i
FEM, EIEEMR ., 2 58, 10 f5e S RT3 KF
JFRIZIE (n=6), I8 1.3.2 JrikXiif b TAb B, 52 fif
B8 7 ik ) NSRS FIAS 2 B . A3k 4 IR, ASBFFR Y L
BN 60.2%~106.8%), HHXTHRAEMZE N 0.2%~12.2% (n=6),
FATT B ERELT, RSDs 201K, B v RS % =,
HE GB/T 27404—2008 XTI 7 ik A B R R, A%
7 BRI 60%~120% 23K o 1 LT AL, ARWFSR A
M ARG B, SEgR 25 SR T 5

®3 FHENRERZSRE. BXRARREER

Table 3 Standard curve equations, correlation coefficients, limits of detection and limits of quantitation of the method

5 et/ AN AR LIFE Y FER R/ (pg/kg)
1 ik i ok Y=4832X+1337 0.9986 5
2 AR E Y=6138X+5236 0.9947 5
3 Ttk Jiie — FH S i e Y=13276X+9853 0.9967 5
4 Tk P T P Y=3800X+2952 0.9974 5
5 ik i s e Y=7568X+6954 0.9945 5
6 it Jie i Y=9229X+1220 0.9975 5
7 i e 1 e Y=9449X+4035 0.9934 5
8 Tk i FEY s e Y=6065X+2305 0.9954 5
9 ik e — Ve Y=2636X+1240 0.9927 5
10 it e — 1 g e Y=9023X+9341 0.9910 5
11 itk Jhie Y A Ik g Y=5997X+5365 0.9970 5
12 i Jig FH g —nae Y=6835X+3418 0.9945 5
13 T Jhe of HR 4 s i Y=9859X+9822 0.9917 5
14 it i [ FFY 4 Y=3138X+1257 0.9968 5
15 itk Joe SR R Y=6734X+948 0.9996 5
16 T flde 48— FH S s i Y=15748%X+9326 0.9972 5
17 ik i FH SO Y=6846X+2330 0.9963 5
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= 3(8)
i a2/ E2 e alEpiyi AHIC R B FE HEBR/(ug/kg)
18 it e S5 A e Y=7694X-793 0.9992 5
19 it e R ok Y=6209X+974 0.9993 5
20 Tk e — R e s Y=8872X+956 0.9983 5
21 i Jg s S bl Y=7330X+1241 0.9990 5
22 il i R it e Y=7365X+1747 0.9980 5
23 B U Y=4762X-1096 0.9967 2
24 AR R Y=4414X+307 0.9936 2
25 Wb R Y=1850X-435 0.9945 2
26 RIS AL Y=4282%X-1462 0.9951 2
27 WHY R Y=2619%X-1292 0.9951 2
28 R Y=3612X-2129 0.9945 2
29 BRI Y=5177X-842 0.9962 2
30 FHATD R Y=1143X-1004 0.9973 2
31 W R Y=5487%X-3589 0.9997 2
32 PAE IRU Y=3931X-1402 0.9971 2
33 b R Y=3616X-1020 0.9986 2
34 ELE Y=6875X-813 0.9988 2
35 IR Y=17995X+2629 0.9956 2
36 oL Y=16685X+2693 0.9983 2
37 HEmu R Y=3368%-1058 0.9901 2
38 ¥ 5 H i e Y=5055X-1635 0.9988 1
39 2- -5 L s Y=1959X+4035 0.9933 1
40 1- -5 2k -2 -5 Y B e Y=6884X+2324 0.9975 1
41 F i e Y=11151X+1538 0.9977 1
42 T i ik e Y=10597X+1996 0.9910 1
43 Hh S fif e Y=11220X%-2213 0.9985 1
44 5-50-1-F Bk -4- R S i Y=1447X+6331 0.9945 1
45 S-fESEIR I ks Y=22823X-1241 0.9982 1
46 ST T Y=24454X+943 0.9968 1

F= 4 FIEMAREIYLE K RSDs (n=6)
Table 4 Spiked recoveries and RSDs of the method (n=6)

am wm WA 4 SR =1
" KFAugkg)  FICE%  RSDs/%  WUCHE/%  RSDs/%  FIEHE/%  RSDs/%  WCHE/%  RSDs/%
5 85.1 1.9 89.4 1.7 83.4 2.2 87.6 6.4
i fie ok 10 78.6 2.8 82.5 3.7 77.0 3.5 80.9 5.8
50 80.2 1.6 84.2 1.8 78.6 4.4 82.6 4.4
5 79.8 1.2 83.8 1.5 78.2 3.5 82.2 2.7
Sk 10 80.9 3.1 84.9 1.4 79.3 6.5 83.3 4.8
50 91.2 0.5 95.8 1.4 89.4 25 93.9 5.1
I 5 823 1.4 86.4 2.0 80.7 43 84.7 4.1
- 10 82.7 1.8 86.8 1.6 81.0 4.2 85.1 3.0
W I
50 87.6 1.0 92.0 2.4 85.8 1.0 90.2 3.4
5 63.6 3.6 66.8 2.1 62.3 1.7 65.5 4.7
i e s 15 10 61.5 0.7 64.6 2.3 60.3 6.6 63.3 42
50 69.5 1.8 73.0 1.4 68.1 1.9 71.6 3.3
5 77.2 2.5 81.1 1.8 75.7 4.0 79.5 3.0
ik g s W 10 73.9 3.4 77.6 6.9 72.4 1.7 76.1 4.9
50 82.1 1.7 86.2 1.4 80.5 23 84.5 5.6
5 76.1 1.7 79.9 1.8 74.6 1.6 78.3 8.8
ik e i e 10 61.7 1.7 64.8 3.7 60.5 1.5 63.5 4.3
50 72.1 3.0 75.7 5.1 70.7 1.4 74.2 6.6
5 81.2 0.9 85.3 1.9 79.6 1.7 83.6 6.2
itk iz 19 s 10 79.1 3.0 83.1 2.8 77.5 3.7 81.4 6.7

50 87.1 4.2 91.5 1.6 85.4 1.8 89.7 5.0
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=4
o il A 4 XS 1A =1
a KFAugkg)  [alfcE %  RSDs/%  [lMcE%  RSDs/%  [E/%  RSDs%  [IEE/%  RSDs/%
5 89.1 5.1 93.6 1.2 87.3 1.5 91.7 43
ik e FY s g 10 101.7 1.9 106.8 3.1 99.7 1.4 104.7 45
50 98.1 2.8 103.0 0.5 96.1 14 101.0 6.9
5 84.2 5.6 88.4 1.4 82.5 2.0 86.7 47
il e — PP e 10 84.8 4.7 89.0 1.8 83.1 1.6 87.3 3.2
50 77.4 2.2 84.4 1.0 75.9 2.4 82.7 7.8
5 70.2 3.0 76.5 3.6 68.8 2.1 75.0 9.5
itk e — P g 10 712 0.4 77.6 0.7 69.8 2.3 76.1 42
50 73.6 0.4 80.2 1.8 72.1 1.4 78.7 6.7
5 74.5 3.1 81.2 2.5 73.0 1.8 79.6 4.9
T fie FH AUk R 10 72.1 0.2 78.6 3.4 70.7 6.9 77.1 5.5
50 70.2 0.5 76.5 1.7 68.8 1.4 75.0 6.1
5 84.8 0.4 92.4 1.7 83.1 1.8 90.6 3.2
itk i P 1 — s 10 86.1 2.7 93.8 1.7 84.4 3.7 92.0 12.2
50 88.2 8.0 96.1 3.0 86.4 5.1 94.3 9.8
WHext 4 5 83.9 7.3 91.5 0.9 82.2 3.5 89.7 6.6
- 10 85.1 43 92.8 3.0 83.4 2.9 91.0 49
50 87.5 5.0 95.4 42 85.8 1.3 93.5 4.1
e 5 81.2 24 83.6 5.1 80.0 3.6 79.1 5.0
. 10 76.2 3.7 78.5 1.9 75.1 2.5 74.3 6.4
50 79.2 3.8 81.6 2.8 78.1 22 77.2 2.9
5 80.2 3.0 82.6 5.6 79.0 22 78.2 3.8
itk e Sk 10 87.1 3.3 89.7 4.7 85.8 2.3 84.9 42
50 81.3 4.6 83.7 22 80.1 1.9 79.2 3.4
AT — R 5 87.1 8.9 89.7 3.0 85.8 1.7 84.9 4.8
- 10 81.2 2.7 83.6 0.4 80.0 14 79.1 7.6
50 83.5 3.7 86.0 0.4 82.3 3.5 81.4 3.2
5 85.6 7.1 88.2 3.1 84.4 3.6 83.4 3.2
it Jig F e 10 85.3 3.4 87.9 0.2 84.1 1.8 83.1 1.8
50 78.2 3.3 80.5 0.5 77.1 22 76.2 7.1
5 82.1 93 84.6 0.4 80.9 1.5 80.0 1.4
itk i S e 10 82.7 3.8 85.2 2.7 81.5 3.3 80.6 6.9
50 87.2 3.5 89.8 8.0 85.9 3.0 85.0 1.7
5 89.2 45 91.9 7.3 87.9 1.4 86.9 42
Tt R 1k 10 85.6 3.4 88.2 4.3 84.4 3.8 83.4 1.4
50 82.1 5.0 84.6 5.0 80.9 1.5 80.0 1.9
T 5 79.2 4.6 81.6 2.4 78.1 2.5 77.2 1.3
— 10 90.3 3.4 93.0 3.7 89.0 2.0 88.0 1.2
50 91.2 3.3 93.9 3.8 89.9 1.1 88.9 1.1
5 85.3 53 87.9 3.0 84.1 45 83.1 1.8
ik e v S b 10 92.1 4.1 94.9 3.3 90.8 48 89.8 3.5
50 81.2 0.8 83.6 4.6 80.0 45 79.1 1.7
5 85.1 1.0 87.7 8.9 83.9 3.2 82.9 1.2
itk i 2 i e 10 96.1 3.0 99.0 2.7 94.7 5.2 93.6 1.4
50 81.2 1.0 83.6 3.7 80.0 3.3 79.1 1.2
2 87.2 3.7 89.8 7.1 85.9 4.4 85.0 2.1
IR 4 89.8 1.7 92.5 3.4 88.5 42 87.5 1.4
20 83.2 1.0 85.7 3.3 82.0 3.6 81.1 2.4
2 92.2 0.2 95.0 9.3 90.9 4.7 89.8 2.1
k2R RUE 4 98.4 1.8 101.4 3.8 97.0 3.2 95.9 1.3
20 95.1 1.5 98.0 3.5 93.7 3.1 92.7 1.2
2 90.2 5.5 92.9 4.5 88.9 3.6 87.9 3.4
Wb 2 4 94.2 3.1 97.0 3.4 92.8 4.6 91.8 5.3
20 90.3 1.1 93.0 5.0 89.0 45 88.0 1.3
2 93.6 0.7 96.4 4.6 923 3.7 91.2 3.2
itrvb 2 4 94.5 0.8 97.3 3.4 93.1 3.9 92.1 5.3
20 99.1 0.7 102.1 3.3 97.7 43 96.6 3.4
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=45
o 7w WA 4 SR fa A
a KOF/(ng/kg)  [WER/%  RSDs/%  [IEH/%  RSDs/%  FCHR/%  RSDs/%  FIEHR/%  RSDs/%

2 89.4 3.7 92.1 5.3 88.1 3.1 87.1 1.9
BINTR AR 4 86.4 3.5 89.0 4.1 85.2 4.8 84.2 1.6
20 91.2 1.4 93.9 0.8 89.9 5.8 88.9 1.4
2 98.2 1.2 101.1 1.0 96.8 4.9 95.7 1.9
B R 4 99.4 1.1 102.4 3.0 98.0 3.4 96.9 2.4
20 95.2 3.1 98.1 1.0 93.8 2.7 92.8 2.9
2 92.9 1.9 95.7 3.7 91.6 7.3 90.5 2.0
WEE 4 96.9 1.2 99.8 1.7 95.5 5.1 94.4 3.5
20 90.5 0.4 93.2 1.0 89.2 3.7 88.2 2.6
2 95.4 1.1 98.3 0.2 94.0 4.4 93.0 3.6
Pt 2 4 90.2 2.6 92.9 1.8 88.9 3.1 87.9 2.7
20 99.2 1.9 102.2 1.5 97.8 2.7 96.7 3.0
2 94.2 2.0 97.0 5.5 92.8 3.6 91.8 1.5
BV AL 4 88.6 1.1 91.3 3.1 87.3 3.0 86.3 2.3
20 86.3 45 88.9 1.1 85.1 3.5 84.1 3.5
2 85.6 6.2 88.2 0.7 84.4 2.8 83.4 2.2
WD AL 4 90.9 0.8 93.6 0.8 89.6 4.4 88.6 1.3
20 88.3 4.6 90.9 0.7 87.0 45 86.0 1.9
2 87.2 2.5 89.8 3.7 85.9 4.8 85.0 2.3
YRV AL 4 83.1 4.9 85.6 3.5 81.9 3.0 81.0 1.8
20 95.2 2.6 98.1 1.4 93.8 2.4 92.8 2.2
2 83.1 3.6 85.6 12 81.9 4.0 81.0 3.2
Gl 4 92.6 1.0 95.4 1.1 91.3 2.9 90.2 2.4
20 94.2 3.1 97.0 3.1 92.8 2.8 91.8 23
2 71.1 1.6 73.2 1.9 70.1 3.5 69.3 1.3
MR 4 71.9 1.6 74.1 1.2 70.9 3.4 70.1 3.6
20 71.5 5.0 73.6 0.4 70.5 3.6 69.7 5.6
2 66.2 7.6 68.2 1.1 65.2 6.5 64.5 1.4
oL e 4 60.9 0.9 62.7 2.6 62.9 4.4 63.3 3.4
20 61.8 6.7 63.7 1.9 60.9 2.9 60.2 5.6
2 90.1 3.9 92.8 2.0 88.8 3.8 87.8 3.6
KA 4 99.1 1.8 102.1 1.1 97.7 3.3 96.6 2.0
20 96.8 2.5 99.7 45 95.4 3.8 94.3 1.7
1 79.4 2.4 81.8 6.2 78.3 7.2 77.4 1.5
FE S g e 2 86.8 11.1 89.4 0.8 85.6 2.7 84.6 2.0
10 87.6 6.3 90.2 4.6 86.3 32 85.4 25
1 86.1 3.3 88.7 2.5 84.9 2.7 83.9 3.0
Z-Wi@m% 2 83.9 2.1 36.4 49 82.7 43 31.8 2.1
10 83.5 4.4 86.0 2.6 82.3 22 81.4 3.7
B . R ST S ST S— —
2R LR 10 87.3 3.2 89.9 3.1 86.0 2.2 85.1 2.8
1 91.5 2.2 94.2 1.6 90.2 2.2 89.2 3.2
F i e 2 91.2 3.5 93.9 1.6 89.9 3.6 88.9 1.6
10 90.1 4.4 92.8 5.0 88.8 3.2 87.8 24
1 83.6 3.5 86.1 7.6 82.4 4.6 81.5 3.7
T Ik e 2 86.3 6.5 88.9 0.9 85.1 5.4 84.1 2.3
10 83.1 2.5 85.6 6.7 81.9 43 81.0 1.4
1 90.5 43 93.2 3.9 89.2 4.0 88.2 2.0
Hb ST 2 86.5 42 89.1 1.8 85.3 3.6 84.3 2.4
10 87.5 1.0 90.1 2.5 86.2 3.7 85.3 1.9
S —— T S T N S N ¥ S VN
AR 10 75.6 1.9 77.9 6.3 74.5 5.0 73.7 2.5
1 69.3 4.0 71.4 3.3 68.3 4.4 67.5 2.4
SR LR IR 2 69.7 1.7 71.8 2.1 68.7 3.7 67.9 1.3
10 70.8 2.3 72.9 4.4 69.8 3.8 69.0 3.7
1 78.9 1.6 81.3 2.3 77.8 3.4 76.9 5.8
SN R e 2 78.9 1.5 81.3 4.2 77.8 3.9 76.9 1.4
10 82.3 1.4 84.8 3.2 81.1 43 80.2 3.5

VE: AAXTRR ER 22 (relative standard deviations, RSDs).
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KA TR IA . XS R, Rt 64 itk
FESRIEA TSI, 255 R PA T AR 3R . 4550
R, 5 Atbta A I BN AT R, Bkl 15.3~356.0 pg/kg;
3 Lk A FRASTI RIR N VD, SN 11.3~79.1 pg/kg; 1t
YRR PRGN 32 i i (] PR 485 0E, il 355.0 pg/kg, [RIHS,
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