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Determination of quinolones and sulfonamides residues in aquatic products
and livestock products with enhanced matrix removal-lipid adsorbent by

liquid chromatography-tandem mass spectrometry
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Abstract: [ Objective] To establish a new method for simultancous detection of quinolones (QNs) and sulfonamides (SAs) in aquatic
products and livestock products. [Methods] In pretreatment, this work compares the effect of extraction solvents on the recoveries and
investigates the reduction or elimination effect of purification methods such as liquid-liquid extraction (n-hexane), dispersive adsorption of
the matrix (C,q and ethylenediamine-N-propyl silylated silica), and general solid phase extraction (PRiME HLB) on the matrix effect. The
sample is pretreated by acetonitrile with 1.0% formic acid, purified by EMR-Lipid, and separated by ACQUITY UPLC*HSST; column
(3.5 um, 2.1 mm X 100 mm) in 10 min. MS detection is performed by multi-reaction monitoring (MRM) in positive ion mode. QNs and SAs
are quantified by the external standard method. [ Results] The calibration curves of QNs and SAs exhibit a good linear relationship with the
correlation coefficients (R”) exceeding 0.99, in the range of 1.0~100.0 ng/mL. The limits of detection (LODs) and quantification (LOQs) are
1.0 and 2.0 pg/kg, respectively. The average recoveries of QNs and SAs are between 61.9% and 115.3% under low, middle, and high spiked
levels and the relative standard deviations (RSDs) are less than 15% (n=6). [ Conclusion] Compared with literature and standard methods,
the established method increases the scope of application and reduces the pre-treatment process and cost.
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b & (I FK CIP, CAS 5 85721-33-1, 45 J¥ 98.0%) &A1
B (fa % OFL, CAS 5 82419-36-1, 41 & 98.6%) . it f. 1) &L
(fAi #% NOR, CAS 5 70458-96-7, 4 Jif 99.9%) . Vb i ¥ &
(fii Bk SAR, CAS 5 91296-87-6, 4l & 97.7%) . F+it5 b &
(fa # DAN,CAS 5 119478-55-6, 4 Jif 99.9%) . i% F b &
({8 LOM, CAS 5 98079-52-8, 4l J& 99.8%) I 45 iz ( faf
Pk OXO, CAS 5 14698-29-4, 4fi i 98.0%) . %8 1 1 ( fif B
FLU, CAS 5 42835-25-6, 4l [& 98.9%) . BUJ 1 12 (1 &
DIF,CAS % 91296-86-5, 4l [& 98.0%) . Z8 & iz ( fij 7k NAL,
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5 28657-80-9, 4l i 99.9% ) , K HE /R #5 BL H A FRA w5

SAs bR BT IR A T W : BT 4R B2 100 mg/L , 4, 45 it
JHiz K (1 #% SGN, CAS 5 57-60-0, 4fi & 99.5%) . Fl 4 g
(f& BX TMP, CAS 5 738-70-5, 4l i 99.5% ) . fiffi ik 2% W% 0
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68-1, 4l i 99.0% ) . fitf Jiic /! %0 % (1% R SMP, CAS 5 80-35-
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(2) AL IR E: S Al 1077 45 A H-1-2008,
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1.0% M iR — 2 B 1 W 20 mL, #23% 2 min, i 2 g 4L 40, 4k
¥ 2 min, 9 000 r/min B> 2 min, WZINEIZBAB —E.O
B R RN 10 mL 1.0% iR — 2 %, |2 3
fEo BRI, 45 CASR FT. A 5 mL LG, IRE
1 min; 15 2 fr L . HUS mL #7467 & T EMR-Lipid
F AL (3 mL KIS AR )E ) o, IR E IR A 2 min, 8 000 r/min
B0 S min, EIEWREACTEA 1 gEAMAN g TTKGLR
e L& T, IRBETR A 2 min, 8 000 r/min & .0> 5 min,
W2 mL T 40 CA WA =i T o WER A 2 mL
0.10% H PR /K ¥ WA &5 TR A W (Vg * Vo =90¢
10), iR 5E 30 s, 74 (T3 100 W,30 °C)2 min, 1t 0.22 um
PTFE JE B, A )

(3) EDTA ZZ i il $2 B : 2% GB 31658.17—2021, i
Aok sh. FRECE R G A9IKERE 5.00 ¢ F 50 mL H. 2 3 P9
B0, A 20 mL Na,EDTA-Mcllvaine 2% #h % W 5
PR 2 min, 9 000 r/min & 0> 2 min, B EWE R A S — 5
LT BRI FE O A 10 mL B R 5 28 viA W, B 4R
P 5 & I PIRER BB . 5 mL WP BT 5 mL /K 3% 16 HLB
BE, S mL KIS mL 20% FY B 7K % Wk 38 , 10 mL P
VRS T 40 CRAMME =R T . #EH A S mL 0.10% H
Fig2 7K V5 R 2 I TR A TV eV 2s =90: 10) , T8 BiE
30 s, #% (% 100 W, 30 °C)2 min, 33 0.22 pm PTFE j
JE ARG
1.2.2 FESSEFRLV TN I ST HARL B
FETRON Sy O = m A AR TR E LB (F
A BT A 1.0 mg/L QNs #l SAs 19 b5 #E 75 7 0.05 mL,
B 1 5 mL 5 W ¥ 4 10.0 ng/mL 9 4k . DL IR IR
¢ 1.2.2 {035 J7 L EAT AR 40 BT 5 L Jo 33 SR 412 06 T AR 5
FL 5 %500 (matrix effect, ME) . ME {E.#% SCiik [ 18 1 19 J7 =
AT o MEfH > 120% 2 7 Sy 55 00 1 58 250 B, <<80% Ay 5k
o A1 ) 28
123 FEMEA BUS mLAFHAE T 15 mL & .08
3R AL 5 SO AT A AL FE - D i A 100 mg Cg;
@ A 100 mg PSA; @ Sl A 50 mg C,s Fil 50 mg PSA;
@ IMA 10 mL ZAEW AR IE S48 @ A 3 mLKiGfb)E
EMR-Lipid L4 ; © A 10 mL Z JIF 18 Al 49 1F © ¢ F1
100 mg C,5; @ A 10 mL Z i 1 F1 49 1 2 %6 Fl 100 mg
PSA;® Jl A 10 mL Z I 4 1 19 1E © %t . 50 mg Cx #
50 mg PSA; @ H 4%l 1 PRIME HLB #: U 45 T 575 —
15 mL .08, DL RSO iRER S 2 min, 8 000 r/min
B0 5 min, WHL2 mL T 40 CRA WA Zin+ . WEFM
A1 mL 0.10% H 2 7K ¥ W A & I 1R & W (Vg
V,x=90:10), ¥ Ji¢ 30 s, 7 2 min, 3T 0.22 pm PTFE i
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(1) o 3% & 4 . % F§ ACQUITY UPLC"HSS T,
(3.5 pm, 2.1 mm X 100 mm) , H & (30£5) °C, # 5t = 1R JE
(15+5) C,#EFEARRL2 pL; WS A A 4 0.10% H R 7K %
W, B 2 5 i 0.30 mL/min, B BEVER S 1.
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Table 1 Program of gradient elution

i} 1] /min ﬁEC A
(mL-min~") A% B/%
0.0 0.30 90 10
3.0 0.30 90 10
6.0 0.30 10 90
8.0 0.30 10 90
8.1 0.30 90 10
10.0 0.30 90 10

(2) J i A5 < R FH B G 55 1E 88 F AR =X (EST ) I £
Jof 150 485 X (MRM) 5 6 375 771 i B2 (TEM) 500.0 °C 5 B 4045
LR (1S)3.5 kV 5 B %5 571 A< Ik 3 800 L/h; i o 1 1 B 1
X kL HL T RIRL 8 BE 45 A0 3R 2 BT R (B0 S FE bR E Y
JOT B A TR AN T 3E o A S A5 B e R A1) -
1.3 HiEAbE

B 3 A Ak B FH Excel 2016 i o
2 HRG5HNE
2.1 BEHESH
211 1.0% R NG I HR I 25 5% i £ % ARG 1A
H QNs AT SAs 78 10.0 pe/kg 7K A9 £ %o [l i 56 (A %
FAR e A E T W Il 22) o angk 3 s, L& 1 A
FERF R 1.0% H R — £ 3 BURT , il f0 Hr QNs (19 [a]
I R 50.1%~130.3%, SAs Y [T %l 11.4%~128.5%,
QNss 134 [a R (101.0% ) 5 T SAs [ (68.1%) , H. QNs
P4 AF 6 R 1 D 25 (RSD) 185 T SAs [ o 754 A F1AG [ 3k it
H, QNs Hl SAs i ~F- 25 [l R Fl RSD 5 il iy 26 81, M
[l 10 45 ok B, QN's 19 RSDs i 25 55 K, i ) 5t (4] ]
g5 A A G . XK A HIE ST OFL 4 1 (4 i 71k 1k
JH2Z pHAEFE W . pH M QNs 7E 1.0% H id— 2 I H /Y i
fife B 5 ifE— 25 M, IOMR S A AN [R) 9 3078 Rl — pH fH T QNs
HIAFS TR TR AP, SAsZE P {L SGN, SAA i
SIM 1) [T 3 <260% , SAN [ [A1 5 3> 120% ; A 36 2 1 f
B B ) 43 A0 SR, 3 S b G ) H e R R 4 I T g
BE TN AT O I B v AL R AR R DI A
KE L 1.0% FFR— 2t X 40 3% A R0 54 P QNs S
A1 e 43 531 49 101.0%, 107.3%, 111.6% , SAs 14 3F- 2 [8] i
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Table 2 Retention time, parent ions, product ions, declustering potentials (DPs) and collision energies (CEs) of QNs

and SAs
ae/liES EA ) - B4 5 18] /min BT (m/z) T BT (m/z) S /LAY Tilf 78 fE 5 /e Vv
QNs 0X0 7.7 262.0 216.0/244.0° 32 30/19
FLU 7.06 262.1 202.0/244.0° 35 35/15
CIN 6.93 263.2 189.17/245.1 35 30/15
NOR 5.96 320.1 233.0/276.1 40 25/20
CIP 6.04 332.1 288.1/314.17 35 22/18
LOM 6.15 352.1 265.17/308.1 40 22/16
DAN 6.07 358.2 96.0/314.1° 38 25/20
ENR 6.05 360.3 316.3°/342.3 45 20/20
NAL 7.66 233.1 215.17/187.0 26 50/40
OFL 5.85 362.3 261.3/318.3" 25 30/20
SAR 6.30 386.2 299.17/342.1 45 27/18
DIF 6.20 400.3 356.2"/382.2 30 20/20
SAs SGN 1.34 215.0 108.0/156.0" 25 18/12
SPD 4.81 250.0 108.0/156.0" 33 25/16
SDZ 3.53 251.0 108.0/156.0° 30 27/15
STZ 4.61 256.0 108.0/156.0° 31 25/15
SMR 5.09 265.1 172.0/156.0" 35 25/15
SFZ 6.32 268.0 113.0/156.0° 30 28/13
SMO 5.59 268.1 113.0/156.0° 34 26/14
SMT 5.68 271.1 108.0/156.0" 30 25/15
SBA 6.51 277.1 108.0/156.0" 30 25/15
SDM 5.67 279.1 186.0/156.0" 40 25/15
SIM 3.96 279.1 124.0°/200.9 30 20/15
SMM 6.20 281.0 108.0/156.0" 35 35/22
SMP 5.60 281.1 108.0/156.0" 34 28/16
SMD 5.85 281.1 108.0/156.0" 35 25/15
SCP 6.03 285.1 108.0/156.0" 32 28/15
TMP 5.64 291.3 123.0/230.2° 40 30/30
SQX 7.02 301.1 108.0/156.0" 32 30/16
SDX 6.26 311.0 108.0/156.0" 35 32/15
SDT 6.88 311.0 108.0/156.0" 36 32/20
SPA 6.66 315.2 108.0/156.17 34 36/30
SAN 7.81 336.1 294.0'/198.0 30 21/26
SAA 2.63 215.0 156.0°/108.0 32 18/30
SMZ 6.11 254.0 156.07/108.0 32 23/35
o ERE T

RPN 68.1%,65.5%,70.3%. LB, 3% 3755 5 2 7K
7 R R 8 P QNs Fil SAs I B

2.1.2 EDTA R ILE  EDTA 28 vh i $2 B, i ff rf
QNs B [0 1§ 2R g 30.7%~134.2% , F 2 0] i & 2 83.9%,
RSD Jy 44.2%, H 30.0% ML 9 IR A &2 60%. SAs

AR A 11.0%~84.8% , - 34 8] i AL A 40.6% , RSD Ky
59.4%, H. 73.9% ML 4 90 IR R JE 60% . HoAt 56 it 5
gt 2iftl. 5 1.0% H#2—ZNEAH e, EDTA 22 i 4 SAs
B 25 SRS W1 B . EDTA 28 ol ifk i 382 BUSCR MG, Al B 5
SAs U454 5, SAs T 7E EDTA 2% vh g v S LA £ 1Y
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VI AR A D S i - W e (O NN N (B
I, 32610 365 0% HLB AL (R B 5 22, [IISC 3 (1K, 34 W B 15 3k
JRBRNEAT 56 o 1] e 5 B 4G R BT AR 2 1.0% TR

F FEHEBRABEREIBREUANESRRBBERRUEAF-MEG- R P AERMANRBELYR R

Jit5 38 FH F K™= R E & b QNs T SAs [ HE R,
22 ERBMHH
FE RO 7R A TR S AR TS S TR B, B

R3 FE1.0%FE—ZEEDTA £ MiEEIEH T QNs #1 SAs By Bl 4 &

Table 3 Recoveries for QNs and SAs under 1.0% formic acid-acetonitrile and EDTA buffer extraction conditions (n=3)

%

1.0% H #— % EDTA 2% thl
Bl &Y
fif 61 A X A fi £ o X A
SAs SGN 21.44+3.1 228418 249435 15.14+10.2 1124112 13.54+5.4
SAA 277415 525453 61.048.1 17.6410.2 56.549.6 67.418.3
TMP 78.545.7 64.34-7.2 66.84-11.5 68.84-10.2 49.149.6 532485
SIM 19.7+£5.6 30.8+6.3 30.1+£3.5 80.2+5.6 80.9410.5 84.69.8
SDM 7294113 69.441.6 752456 49.74+7.38 46.6+4.6 42.8+53
SDZ 67.24:6.3 773475 77.749.1 84.84-3.1 85.741.2 88.612.4
SPD 69.74+3.5 71.742.4 74.0+3.9 71.84+4.7 63.845.6 78.146.2
STZ 62.84-4.5 587453 55.545.3 72.54+4.3 70.74+6.8 70.7410.2
SMR 72.14+48 763453 80.4+6.3 66.34+7.5 62.14-4.7 547457
SMO 79.745.6 71.04+58 82.54+4.7 514454 451415 58.742.1
SFZ 73.61+4.8 73.14+5.1 81.345.1 242425 53.445.1 37.845.1
SMP 743435 71.643.5 78.84-4.8 57.545.6 483454 481435
SMD 74,6452 69.84-5.1 73.7+7.3 33.546.5 475455 40.7+7.1
SMM 754435 67.2452 71.849.1 229482 36.642.5 27.843.7
SMT 47.0+5.6 53.64:5.2 64.21-6.1 475459 51.64:5.9 457463
SCP 683475 65.647.7 724483 21.04+3.9 382438 29.1425
SMZ 73.845.9 69.74+7.2 75.846.3 21.14+10.2 42.14+9.5 30.7411.1
SDX 77.846.3 741459 81.34+5.9 30.34+6.3 47.8410.3 38.14:10.5
SDT 79.34:10.2 73.148.5 78.0+5.6 19.94+4.38 427457 359453
SQX 702+5.8 66.7+6.5 70.8+7.5 144435 39.5+58 31.4+8.3
SBA 57.545.7 60.742.5 65.611.5 16.645.4 40.6+2.5 262455
SPA 110.1£2.6 67.1458 77.845.8 34.845.6 37.546.9 28.84-7.6
SAN 128.5+6.7 128.7+£17.5 127.4+14.1 11.0+6.2 48.1+59 15.4+6.7
A 68.1 65.5 70.3 40.6 49.8 45.6
QNs ENR 108.8424.2 122.9415.2 129.3420.3 108.64-10.8 107.3+£5.6 138.645.6
cIp 130.3+18.2 124.6+9.6 127.4412.1 10434153 105.54+11.5 101.7410.2
OFL 97.5414.5 108.84+11.3 121.7412.5 117.14£9.3 133.7410.5 112.2+8.6
NOR 98.04-9.1 137.249.6 104.210.6 13424215 109.7421.5 106.2415.2
SAR 126.5410.5 108.8410.2 122.749.1 78.441.6 97.948.5 80.5+7.2
DAN 122.54+9.6 126.6+13.2 122.7+15.6 107.04+17.3 1229458 121.7416.2
LOM 512459 92.14:9.6 116.3+10.3 106.446.8 1344457 1158483
0X0 100.64-12.5 78.14-10.6 78.248.3 36.442.6 58.743.5 4634154
FLU 122.3410.5 130.9411.6 1322468 42.0+3.9 118.1+£6.3 93.244.6
DIF 115.6+21.8 102.0£21.3 1134493 104.14+9.4 107.7410.5 115.0+8.2
NAL 87.611.8 80.9411.5 84.94+7.6 37.845.5 775475 559475
CIN 50.1+12.5 75.1+8.6 86.7+6.9 30.7+3.9 84.68.5 76.8+7.3
SE 4 101.0 107.3 111.6 83.9 109.0 97.0
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T AR R B R AR T AN A SR L X 1.0% F
18— N 5 ST 1% 5 5T R0 R AT A BT L 45 R gk 4 TR .
SAs TE il £ % PRI 1R rh 3R B S LAY 30 45 2 SGN |
SAA Fl SIM ] ME {H <C80%, 3¢ i H %5 5 Y Jk i 410 46l %%
I o SAN Y ME{H > 120% , & 30 H 4 5if 1) 32 J5 184 5 200
HoAy SAs AR I B 1 1 JE Fi %00 . QNs Al SAs A7 7 55
K25, ittt 66.7% QNs i ME {5 3d 120%, %
IR H L T R 5RO o B PR RIS Y HR 50% 1Y QNs [R] RE 3R R
TSR . LA LB R oA g% PR A QNS A
SAs Al Y4 47 7F KL RO -

x4 EILOWFR—ZERBREHTHE R
FIG A R QNs 0 SAs B9 E BB AL

Table 4 MEs of QNs and SAs in bream, pork, and
chicken under 1.0% formic acid acetonitrile
extraction conditions (n=3) %
A=’} iazg ]

Rt A YA it A A
0XO 111.9 99.5 103.4 | SMO 95.0 101.7 101.3
FLU 122.4 120.1 104.3 | SMT 84.2 91.6 91.6
CIN 1143 133.2 1449 || SBA 84.4 89.8 91.2
N 153.2 121.6 101.5| SDM 89.7 98.7 99.9
CIP 1989 1704 186.4 | SIM 21.8 24.7 23.3
LOM 182.8 114.7 1183 | SMM 92.2 94.5 91.0
DAN 1304 1195 117.8 | SMP 92.8 96.2 96.5
ENR 160.9 121.0 105.4 | SMD 91.3 94.0 96.5
NAL 107.8 108.3 100.6 | SCP 85.6 88.4 87.5
OFL 120.4 111.2 108.0 | TMP 102.4 109.6 113.8
SAR 191.6 187.0 173.8 | SQX 84.7 90.0 86.4
DIF 142.1 180.2 189.2 | SDX 94.8 101.0 102.2
SGN 22.0 33.7 27.0 | SDT 95.5 95.7 97.1
SPD 88.4 104.0 96.2 | SPA 125.4 99.5 95.7
SDZ 90.3 106.0 99.9 | SAN 194.0 1424 1615
STZ 79.6 90.5 81.8 | SAA 52.2 92.8 78.0
SMR 92.7 103.9 100.1 | SMZ 91.1 91.7 91.8
SFZ 98.5 107.5 107.0

E— 2B BT R G B ALV A SR R . 1.0% FF iR —
NG B WOt g £t SGN L SAA il SIM 9 1] i TR 2
60% , 2 Bt A 1 [ e ¢, (0 H ME {8 43 51 8 22.0%,
52.2%, 21.8%; 3k 5T VT AL [0 05 28 43 51 2k 97.0%, 72.3%,
90.3%. H1 LU 2 4] 1.0% AR — 20 I 4R B | o 1
' SGN .SAA FI SIM A4 42 HURC R AL &, [l e 258 A A% 9 it 1A
JE T ROV TR . X P55 R I 2L 1 IR 5
Ho XF T QNs e BT AN 6 H B I F SAs. 1.0%
iR — & 5 B U B #27h CTP  SAR A FLU () ME {E 15
AT 120% , 5 T D e [T R 60%~120% , 1 2 77 74 24 1Y
TR o T A0 3 T, AR R 1077 528 5 -1-2008 HR
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[R) 07 25 AR B IE 5 4% I 5 08 R 3£ T, GB 31658.17—2021
SR 3 T VG P A IE o k50 4455 R 3 W« 3 S5 R R T Sy D
59 3% SRS AT 0 B — 2B S L B AT AT
2.3 Ak 75 e B R R B B2

T2 58 6 B4 I BT A 325 5 TROXT SAs Tl QN's HR 3 I K
om0 % K Y 6 Fl ik & ) (SAA . SGN ., SIM , CIP ., SAR F
FLU) N#FSE X4 . B ta b SAA ) ME{H 4 37.73%, &R
[7 77 ¥4k J5 H ME {440 T 80%~120% ; PSA , EMR-Lipid
FIE & ke +PSA 3 F i 4k 4b 2 (£ 15 SGN 9 ME {5 &b T
80%~120% ; SIM 1¥ #£ EMR-Lipid 4t # J5 ME {f 4k F 80%~
120%. LA F %% 35 356 B EMR-Lipid %f SAs 4b BB 25 5B & 4% .
5 SAsHH L, QNs I 22 5% . A 1 o, 1 & e R
JBE 43 3 Ak TG 3k A B Jo 444 R A D88, S T AE — R
FE L3800 A CIP . i I AT i J2: 1E L e Ak 2 AN
FE 5043 WOAD 35 R v A 2% 0T T N B B AR I R A
T4# . PRIME HLB 5 EMR-Lipid 4b 3 24 A5 4% [ Ik
JE 3G HR AN, {H PRIME HLB X A [5] 4k 2y 1) b 20 555 S 1)
B K s EMR-Lipid Xt QNs fl SAs ¥4 i 7 %% 22 i 3 5
FHh. St RN RS IR 2R A
1B i B G RS ¥ 1k i 2R 3 P22 EMIR-Lipid [7]) B 0] LA
3B FE T KPR AR . % B 4T, EMR-Lipid & H R
SRS = v

4000 —*+SON —5-SAA —+—SIM —+SAR
7| —e-CIP -=-SAR —+FLU

5
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Figure 1 Influence of purification methods on MEs of

some QNs and SAs in bream
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K AR AL £ R SR BT AR AT IR 56 . 3 € 3T e i 1Y
15 W L (S/N) =3 1 2 J7 WA B, SYN> 10 1 2 7 15 0 i
B 4 TR0, 0T 9 6 2 95 700 b o il 2 R 2k MR B R 1.0~
100.0 ng/mL, #13¢ Z B (R*) >0.99(F 5) . fi fi J% P A
X A F QNs Fll SAs 1 46 Hi FR (LODs) #4 4 1.0 pg/kg, & &
FR(LOQs) ¥4 2.0 pg/kg. i faH QNs YL . H & AR
K- B4 11U 3R 67.9%~110.5% , FH X 47 4 2% (RSDs) N
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2.2%~12.1%; SAs [ [ Ky 67.9%~113.1%, RSDs 2K AYAIK . & Inbm K1 (9 i %58 61.9%~115.3% ,RSDs
0.7%~14.2%. %P H QNs B . B ANFR A A IAR L 3.0%~13.3%; SAs &Y [8] 4 3R 4 68.5%~111.1%, RSDs W
W Zh 63.9%~114.1%, RSDs 4 3.8%~14.2%; SAs I R 0.6%~14.1% (£ 6) o L b 3 Ffr 3 5 49 A1 A 7] i 28 1 36 A
K 63.5%~111.9%, RSDs J 0.4%~14.9%. ¥ K H QNs  GB/T 27404—2008 [ 3K .

RS tRE FEAMBAR QNsFISAsHL MR HXRY

Table 5 Linear ranges and correlation coefficients of QNs and SAs in bream, pork and chicken

EY gt R’ k& AR R?
0XO y=2.415 89X 10°%+2.658 81 10° 0.996 84 SMO y=6.494 45X 10°x+2.040 43X 10° 0.990 34
FLU y=3.014 88X 10°x+2.162 52X 10° 0.993 49 SMT y=4.834 17X 10°x+2.094 17X 10° 0.996 29
CIN y=6.151 09X 10°x+5.281 77X 10° 0.998 55 SBA y=4.147 55X 10°x+8.909 15> 10* 0.998 40
NOR y=1.440 67X 10°x+1.058 08X 10’ 0.995 29 SDM y=3.881 39X 10°x+2.229 89X 10° 0.995 29
CIP y=1.735 97X 10°x+1.628 39X 10° 0.998 62 SIM »=3.859 84X 10°x+2.139 19X 10’ 0.994 77
LOM y=4.003 44 10°x+2.704 93X 10° 0.997 06 SMM y=3.871 47X 10°x+1.400 40 10° 0.997 00
DAN y=1.425 44X 10°%+4.345 00X 10° 0.995 44 SMP y=3.854 61X 10°x+4.899 03 X 10° 0.998 53
ENR y=1.169 57X 10°%+5.417 34X 10 0.994 12 SMD y=17.082 73X 10°x+6.533 46X 10° 0.991 25
NAL »y=1.253 80X 10*x+3.694 70X 10* 0.998 54 SCP y=3.825 74X 10°x+1.529 96X 10° 0.997 16
OFL y=7.493 64X 10°x+7.731 72X 10° 0.990 03 TMP y=1.284 98X 10°x+1.174 06 10° 0.997 92
SAR y=4.002 21X 10°x+1.902 52X 10° 0.990 34 SQX y=4.291 81X 10°x+6.447 07X 10* 0.999 27
DIF y=28.716 79X 10°x+3.358 27X 10° 0.999 00 SDX y=1.175 20X 10°x+7.468 77X 10° 0.992 91
SGN y=3.148 41 X 10°x+3.323 43X 10’ 0.997 38 SDT »=9.918 90X 10°x+2.103 43X 10° 0.998 73
SPD y=9.194 40X 10°x+2.767 70X 10° 0.996 73 SPA y=1.989 48 X 10°x— 6.482 00 < 10* 0.998 52
SDZ »=9.692 41X 10°x+6.558 07X 10° 0.992 66 SAN y=1.136 11 X 10*x+2.160 00 X 10° 0.997 86
STZ y=9.427 44X 10°x+2.858 25X 10’ 0.996 16 SAA y=3.705 93 X 10°x—3.844 76 X 10° 0.990 79
SMR y=4.806 46X 10°x+4.477 72X 10° 0.991 87 SMZ y=4.451 20X 10°x+2.869 89X 10° 0.997 06
SFZ y=4.001 97X 10°x+9.225 00X 10* 0.996 18

Fo R FEAFIIGPH QNs I SAs BN AR B 4 2 A0 48 X AR AR =

Table 6 Spiked recoveries and relative standard deviations of QNs and SAs in bream, pork and chicken (n=6)

e e 2.0 pg/kg 10.0 pg/kg 100.0 pg/kg
[l 2./% RSD/% [l s 22 /% RSD/% Il 23./% RSD/%

0X0 i £ 87.9 5.6 107.3 3.1 95.9 9.2
A 77.9 6.1 81.9 9.1 108.1 3.8
Xt A 61.9 9.1 75.1 49 89.5 10.5
FLU i £ 81.3 9.6 80.5 6.1 110.5 9.6
A 63.9 7.2 87.1 4.1 91.8 6.1
Xt A 84.7 7.1 82.7 5.2 99.1 5.8
CIN i £ 78.3 4.0 107.4 9.1 100.1 6.8
A 80.6 5.1 95.5 9.0 93.8 4.1
X P 90.8 7.1 91.3 5.9 109.3 8.8
NOR fi £ 70.6 9.0 75.3 5.1 93.9 73
A 0.1 8.1 85.6 5.9 100.6 5.9
XA 75.3 4.6 70.9 6.1 89.3 5.6
LOM fi £ 89.1 3.0 90.5 5.2 95.6 7.9
A 90.8 7.1 93.8 8.3 89.3 9.1

X5 A 88.7 8.3 80.9 9.0 110.2 8.2
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e B 2.0 pg/kg 10.0 pg/kg 100.0 pg/kg
a1 2 /% RSD/% [T /% RSD/% IR /% RSD/%
DON fi £ 107.9 6.1 82.9 3.9 100.4 11.3
A 73.1 11.3 78.7 10.1 92.1 14.2
X A 90.9 43 91.1 53 89.3 10.2
ENR fi; £ 81.3 2.2 96.1 9.2 94.1 7.9
B A 107.3 5.0 111.6 5.2 102.1 10.4
X A 72.8 9.2 92.1 7.2 105.1 10.3
NAL fi £ 79.1 8.2 80.6 6.9 80.1 12.1
KA 78.3 7.0 85.1 10.0 90.1 9.9
X 1A 67.3 9.3 115.3 5.2 102.1 13.3
OFL fif £ 70.5 6.9 71.3 9.1 82.6 8.1
o 90.1 9.5 93.5 5.1 105.1 10.2
X 1A 77.3 8.0 87.3 8.6 91.2 10.9
SAR fi 111 95.1 32 100.1 6.2 85.5 12.1
A 78.7 14.0 85.4 7.6 99.1 5.1
X 1A 69.8 10.4 89.1 9.0 103.0 9.8
DIF fi 111 67.9 8.3 103.9 113 99.1 11.1
A 71.3 7.1 86.3 7.1 114.1 10.5
X A 90.7 3.0 93.6 8.2 108.1 9.5
SGN fifg ££1. 69.5 3.0 71.3 4.1 98.1 8.3
A 76.1 6.3 79.7 8.2 84.1 8.1
X A 75.5 9.1 95.5 11.4 83.1 10.2
SDZ fi 111 77.2 5.0 96.1 72 93.6 10.1
A 76.1 7.1 88.7 10.2 90.5 8.2
Xt A 99.3 4.0 106.3 9.0 95.4 4.6
STZ fi 111 95.1 72 80.9 9.1 95.1 11.9
A 85.6 5.0 81.1 9.1 95.1 11.9
XA 80.1 11.5 90.1 10.3 105.1 4.6
SMR fi 111 91.5 3.2 104.2 7.3 105.9 2.5
A 71.9 4.1 86.4 6.0 108.1 10.2
X 1A 80.9 7.4 84.1 8.1 93.9 9.5
SFZ fi 111 82.9 3.5 79.9 7.2 93.6 1.6
A 93.8 9.1 90.1 10.9 104.1 9.5
X A 90.5 10.9 91.5 6.2 109.2 4.9
SMO fi 111 71.9 42 85.6 3.9 90.5 3.5
A 93.5 10.5 78.3 7.6 95.1 9.1
Xt A 83.8 1.9 79.1 2.1 100.9 10.2
SMT 185 £21 81.6 3.1 92.6 10.9 89.5 10.4
b 70.7 7.9 77.1 52 100.4 9.6
XA 79.1 7.1 89.5 8.1 111.1 4.1
SBA 15 £21 69.9 3.1 78.5 9.9 100.1 10.3
b5 89.1 5.1 69.9 2.3 99.1 3.5

X Py 101.4 9.1 81.2 7.3 105.2 8.1
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e B 2.0 pg/kg 10.0 pg/kg 100.0 pg/kg
a1 2% /% RSD/% [T /% RSD/% IR /% RSD/%
SDM fi £ 80.6 3.9 75.9 10.2 105.9 3.2
A 91.2 7.0 86.1 7.1 111.9 3.5
XA 75.8 4.3 89.3 3.7 98.2 8.2
SIM fi £ 67.9 6.9 77.2 8.6 105.1 11.1
KA 79.9 3.6 69.1 5.0 87.4 8.1
X A 81.8 7.3 71.2 2.2 98.1 7.0
SMM fi £ 73.6 8.2 80.2 5.2 110.1 10.9
A 81.8 2.0 82.7 3.6 100.1 11.6
X 1A 82.4 5.1 70.9 10.9 99.1 9.6
SMP fi £ 90.9 7.1 106.1 8.3 94.4 3.9
o 79.1 4.1 80.1 5.1 96.1 10.1
X 1A 82.8 6.9 101.8 6.9 105.1 13.3
SMD fi 111 87.1 3.6 80.1 7.3 104.2 12.1
A 82.5 1.4 91.2 0.4 85.1 12.5
X 1A 100.5 4.9 79.5 5.1 84.1 14.1
SCP fi 111 79.9 10.1 77.0 9.0 99.1 5.6
A 88.1 14.9 92.1 9.2 104.1 2.1
X 1A 77.1 9.9 72.4 10.5 90.1 5.1
TMP fifg f1. 91.1 8.3 99.3 6.1 100.1 5.4
A 80.9 42 84.3 2.8 105.1 9.5
X 1A 85.3 7.9 83.2 1.9 99.5 73
SQX fifg 21 70.6 1.3 85.1 7.1 91.2 8.1
A 79.1 6.6 92.5 4.1 85.1 5.1
X A 72.5 7.1 104.5 3.2 101.1 5.1
SDX fi 111 81.9 8.2 111.2 10.6 90.1 7.9
A 77.3 11.0 80.3 9.5 100.8 8.5
Xt A 70.3 6.5 105.1 23 95.8 33
SDT fi 111 82.5 5.7 80.1 9.8 96.1 7.6
A 69.7 8.2 94.1 8.1 106.1 5.1
X 1A 78.1 6.8 71.9 1.4 91.1 0.7
SPA fi 111 81.4 0.1 78.1 9.0 93.1 9.9
A 91.4 2.6 90.5 6.9 104.9 8.0
Xt A 88.5 1.2 102.6 3.0 105.1 10.4
SAN fi 111 68.4 9.7 103.1 9.7 79.4 4.6
b 65.3 4.8 80.5 11.5 81.5 10.6
Xt A 78.5 10.2 78.6 9.2 88.5 6.1
SAA i £ 76.1 10.8 75.1 14.2 80.4 8.6
b 63.5 13.9 81.1 7.0 93.6 10.6
XA 71.2 9.9 68.5 12.4 101.8 11.1
SMZ fifg {0 89.5 0.7 91.1 5.1 113.1 7.3
b 95.6 3.1 108.1 33 89.5 3.1

X P 78.3 6.2 101.1 0.9 105.1 1.5
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2.5 ZRREA

2,51 SCBRARSMR A I IE iR TR SE R A i A
T U T K™ i 40 bk (B frn B £ A6 5% D B £ 4%
10 41E 7k ) FHE 8 7 i 40 LU (X Y UM I & 20 i) L 9%
ALY 5 B HEAT QNs A SAs 25 iR . UK 7 o ENR
(LA ENR Al CIP Z A1) M 8 b v o v 2 4k v il £61
Kt (E 53510 46.8,87.5 pg/kg s 3L U B 4f 46 (E 4351 N
15.1,30.4,61.0 pg/kg; | Hb ¥k 16 6 , K {6 10.2 pe/kg;
2t g fn K M 9 31.1,55.5 pg/kg. K775 SDM S
YLLK i fa K HE R 6101 pe/kg, Hofl Ak & B R A .
FHE T SAs K 2 LY, QNs R HY 5 4 B THE YO
A A SMIR, 6 HE o 80.5 pg/kg s 1AL YR XS P AR &G
SDM, i Hi {8 47 35.6 ng/kg. ENR Al SDM 7 [f] — L ¥ filg
o rpploRS L U UA T AR 2 A AR K P SR AR R AR AR IR A
M AR . K A S HE UK = S R 2 /R R B A
¥4 GB 31650—2019 fR 4 (fik T° 100 pg/kg) 3K . LAk
Rt B 7 B R A T R o T R i i A
252 JEAERES O it —2B5 00 E B AT AT L R
FH S W b o ) o AT v A R A e A PR P R
W R R U B R B M T B R RE 4 5k
FHAAI 2 57 19 vk 5 AR 1077 528 45-1-2008 H 4 7 3%
HEAT 0 Ho ARG 5 3 BN R Ay v i e ) Y s W T T e P I
W O 4% AR a3 0 R A 46 ST Y 5 7k 5 GB 31658.17—
2021 FFY 5 B HEAT E RGN, 4 SR AN T R . RIS
1 10 5 A T Tk E S B T L S B o E R
FE BB A DX T D58 B S N7 A0 O 96 T A R B AR T R .

KT KU EYRESILLNER

Table 7 Results of quantitative comparison of matrix

standard samples pe/kg
EY REES I RS BRI ARE(E X
SMM 30.8 335 34.1 27.2~41.0
SMZ 35.1 31.9 34.7 27.7~41.7
OFL 18.5 22.1 19.6 12.2~26.9
NOR 325 37.1 34.6 24.6~44.6
CIP 28.1 35.1 323 20.6~44.0
ENR 84.1 90.1 87.1 64.6~109.7

3 45

ST T RIS o v A R R 5 A R (5 3 e
I B0 52 7K 722 R 8 7 i P T 2K
KZGYIBR B IR I . TR 1.0% iR — 2
B 1Y T 0 T 2 B AL R AL 4R T T O I 10E TG
BB T 3 B R, WD T R B R R 19 v
TP R A 2K 5 0 7 9 o R RO 0
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JE U, 7 1k 28 IR B i GB/T 27404—2008 B K o
59U SCHR bR AE TR B, A 25 T 3 5 DG R b o il 4R
A )57 3R PR 0 [ R 2 OS5 A, s 2D 1 i A B O
PR3 T8 T 5 R A3 T B 5 AR T AT T
VeiAS o BB 52 IEAK™ f R B ™ i v s A T 2 R
J5 5% BR A R AGIN 22 vk I N EE N T R R
7= b 22 B R L R DL RO e TR . R
WFSER] DL LA Sy 1 R A, T R 28 Bl e 28R T T A T vk
DL 2 B 2 A R KO i $ETT
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