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Rapid screening of 165 kinds of pesticides and veterinary drugs residual in
eggs by ultra performance liquid chromatography-quadrupole/electrostatic
field orbitrap high resolution mass spectrometry

MENG Lei', LV Bin', NIE Xiao-Hong', SONG Zhi-Chao', PENG Li', ZHANG Pan-Pan',
ZHAO Feng-Bing', WANG Ke-Ran®"

(1. Henan Institute of Agricultural, Animal and Aquatic Products Inspection and Testing Techonologies, Zhengzhou
450008, China; 2. Luohe Institute of Animal Husbandry Veterinarian Law Enforcement Corps, Luohe 462000, China)

ABSTRACT: Objective To establish a rapid screening method for 165 kinds of pesticides and veterinary drugs in
eggs based on ultra performance liquid chromatography-quadrupole/electrostatic field orbitrap high resolution mass
spectrometry. Methods The sample was extracted with 0.1% formic acid and acetonitrile, cleaned by HyperSep
Retain PEP cartridge after salted out by sodium chloride and sodium sulfate anhydrous, separated by ZORBAX
Eclipse plus Cig column, and then eluted by gradient with 0.1% formic acid water (0.03% ammonia water)-0.1%

formic acid acetonitrile (0.03% ammoniated acetonitrile), using the high resolution mass spectrometry Q-Exactive
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plus to collect data in the positive/negative ion mode, screening and confirmation were carried out through target
signal response, retention time deviation, quality deviation and other factors. Results The mass spectrum database
of 165 kinds of pesticides and veterinary drugs was established, the results showed that 165 kinds of pesticides and
veterinary drugs exhibited good linearity within the range of 0.5-100.0 ng/mL, and the correlation coefficient ()
were all over 0.99. The limits of detection for this method were 0.5-3.0 pg/kg, the limits of quantitative were
1.0-10.0 pg/kg. Recovery test with 3 different addition contents showed the results in the range of 41.36%—-134.79%,
and all the relative standard deviation (n=5) were 1.02%-19.97%, less than 20.00%. At last the method was applied to
detection of 100 egg samples, among which 8 samples contained florfenicol with the amount range from 5.27-15.62 pg/kg,
5 samples contained enrofloxacin with the amount range from 10.53-26.52 pg/kg, 2 samples contained
sulfamonomethoxine with the amount 12.66 pg/kg and 19.49 pg/kg. Compared with the results of national standard
method, the accuracy of this method for veterinary drugs screening was 100% in this study. Conclusion This method

is simple, fast and accurate, and could be used for simultaneous screening and quantitative analysis of pesticides and

FH15E

veterinary drugs in eggs, providing technical support for government supervision of egg quality and safety.

KEY WORDS: egg; pesticides;

veterinary drugs; residues;

ultra performance liquid chromatography-

quadrupole/electrostatic field orbitrap high resolution mass spectrometry; screening
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Milli-QA10 #B4li/K{% (3% E Milipore /A 7l); TTL-DCIIH %
WA (35 & Organomation Associates A 7)); JE e 4Tz g4
0.22 um, E§ZELSF]); ZORBAX Eclipse plus Cg FE
(150 mm=3.0 mm, 1.8 um)(3E[E Agilent 23 A]).

1.3 XLWHE

1.3.1 #emaras

FREX 5.00 g H£ 44T 50 mL &0, A 3.0 mL 0.1%
F KV RN 10.0 mL 2N, iRBERS))E, SfHRY 10 min,
25 °C, 4000 r/min &.0> 5 min, %% _FEHT 57— 50 mL B0
B, FREEGRE, AR B, LEWOmA 15 g &
ALENA 6.0 g JO/KBRAEREN, €30 s, B 10 min 5 7000 t/min
B0 5 min, W FERA

HyperSep Retain PEP /MT:(500 mg/6 cc)fKiK FH 4.0 mL
FHEEFD 4.0 mL KIEfE PG, JEEL 2.0 mL FJZWIE G/
e, FERMHE . HRBEGE RS FHRES/ME, BB H
W HERIRZEL 4.0 mL F 40 °C N AKX T, fA 200 L H #E
JEIRBEIRAT 30 s, FRMILA 800 pL 4li/KiRiEiRs 10 s, i
0.22 pm JERUEME, EHLINE .

1.3.2  AR/BER Y ELH)

FRUERG & B 165 R PIbr e i &8 i (Y 4%
TEPERLST20 10 me), FEME, S HIMAR 1 hEF 24
Xof o (A 7003 i A 0T T P B R 2 5 2 10 mL AR (A%
FHb, BT R N | me/mL AURRTERE AT TR, —18 °CLL
TG R, DRAFIH 6 N H .

TR AR UE TR 43 531 % B[] 28 31 245 W b v it 45 VR
% 100 puL, FAHBSARBEEAZE 10 mL AFAE SR, i
BT R YA 10 pg/mL BURERE . SRS TR . SR bRmk |
TR | -2 B ah7n) . . PUmEE . BN . R
S5k 9 IR A ARE T IR, BEBCELA .

IRAARUE T 20 5 HEwA A BOUE 7 iR S AR i vh
MW, I 20% P BEK BB EERE 0.5, 1.0, 2.0, 5.0, 10.0.
20.0. 50.0. 100.0 ng/mL [ 165 Flfe 2 . B2 RRAARE
WIRERY, BB,

1.3.3 AR IR ACARE w4

BUS 23 IR AERE N, 4% 1.3.1 IR BHATRIAL R, PR
WRARTIE, B 132 RAWHET/ERS 1.0 mL Fi#f
FRAY), LUESE LHLINE . DURRAE B 0 S AL ()
YRR, BRUETE SRR (X, ng/mL) A REAL R, 2 Ak
FrVCEC kR e 2k .

1.3.4 XS5

{4, 7%FE: ZORBAX Eclipse plus Cyg#F(150 mmx3.0 mm,

1.8 um). FiahA: Ar IEAR 0.1%HF ERK, izt 0.03%%
K B: IEREEK 0.1% R OIE, 1L 0.03% 2K E. #
BEVERL, VEBLARF: 0~15 min, 95%~5% A; 15~17.1 min, 5%
A; 17.1~20 min, 95% A, Jii: 0.3 mL/min; i 30 °C; #f
FEAAR: 10 pL.

B FREE 350 °C; BANAEHIE 3.2 kV; FARE

350 °C; #/TE(N,) 40 arb; FiBIE(N,) 10 arb, Z-HI7EIE
B AR A AR UEF TR, R R
B s & AR, —HTREGE R AR 100 ms, —
GTE T TR, 60 ms, RS 80~1000 m/z,
— AT HER 70000, G4 HER Dy 17500, A TE R E
SONFAIA, BRI 20%~60%.
14 HIEALIE

S8R A Thermo Xcalibur 4 RAEF L, # F Thermo
Trace Finder 3.3 BRI T FIARVE S BORE i O 1% R AR B,
i1 Excel 2024 XA CEARMATR T 04T IR REE,

2 FER5HH

21 UEIERHFBMK
2,11 &L A

22T Cp L, WH AP ImA—
SEMREEM IR . L%k . W IREE . ZUKRIEAT pH. BIL, 4
W2 TAER ST IA 0.1% B2 . AR HE i 2 BReR A
H R B, A AG W o B B L i P (B AR Y, 2% S Bl
BWMIERR2ZR A, RS TREE T, i
IR 0.1%F BRK-0.1%F R OHER R . JLAN, & i
T 100 mm A1 150 mm A EGEHE, & IR B 1 (g AE ml
DAt A o ek P ot Y SR e | i P SRR R L T A ) R
SN 3 R SERAR, W 1 R PRI R AR A
&1 ZORBAX Eclipse plus C;g#:(150 mmx3.0 mm, 1.8 pum).
oy, BAFREY T EERE 2 s,
212 JRELEM KA

AWEFENT B BE N 1 ng/mL 1 165 Rzl | E2hhy
oAb W W AE 2 m A 3 ik 8 = %A
(Full-MS-ddms*)# T 17 R4, HET—FaH1Hi 4 3
MR BRI T Tk, S —% 5 HEE R 70000,
TRAPER A 17500 B, 165 Ry EEIEIE T T
TSR R — G BRI 3 P 4 RO A U A
Ko FEXTESFURIRLEE . BRI SR SRR
HiBhA . R AR FUE ST T Mk, REMRE T
165 Fifezyj . B TTRESE, BRI 1.3.4,
2,13 REHEEHES

G2 ELH AL 9 4LIR A bR HEVA R, T ELR B N
1 pg/mL, %8 1.3.4 {UERAMEXS 165 Fhfe 2y | #4245 BE1TIE
AN TR gan, VR E G, B
BE—REFREEE, —% . ke 3 iR,
IR LAY 4> T 2R A Trace Finder T /E4RIF TR H:
T, 4568 0EYN—% M 905G E a2 H
Xof 7 R BRI . B ES RRR AES AR E E R T
SfHE, R 1 PR, XFFIR G AR, 5 B e il g —
AR 2 SRR B PR ER B R W R 1 pg/mL), FRIR
1.3.4 AR S A X L BEA T, AR5
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Fig.l Separation effects of sulfamethazine, sulfamethoxazine, and sulfamethoxazine
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Fig.2 Extracted ion chromatogram of pesticides and veterinary drugs (24 ng/mL)
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Fig.3 Enoxacin parent ion extraction chromatogram (a), parent ion mass spectrum (b), daughter ion (c) mass spectrum (20 ng/mL)
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FH15E

2.2 RREUFHRMIL

AT, RSP WAYSIBORA 0.1 mol/L
£ W% VU Z, 12 (ethylene diamine tetraacetic acid, EDTA)
Mcllvaine WA . IRILZIGE . 2. FEE. ZROHER.
IRV . [FIBERIL 9 K2 165 Rk 2824, 25kt 2=
AR, 5 R PRV A B P AP SR U s o K
W57 0.1 mol/L EDTA Mellvaine ZZ hiE . 0.1%F 2
VW 1%BEIRIS R . SY%BRTRIEI . APVLIEELEE T O
HEE. ZBROBRFNE, Z5RE/RPEE. ZROBE. N
TR KL B0 (matrix effects, ME)RCHR, 1 Z G ANITTE
EASCRLF, H ME WX/, BRUH BRI, X
T S TR AN R 2 2 B R IR AR, o
THREX MRS, AR AR MK G
PRI, H TR R B 2 M ik 4y B-32 VRIS R0 1) T,
I, FE TG ERE S AEA R IAR i 50 png/keg ITEOLT, il
I EEAN DKW S i S | BRI S . B2 R B

FIFEL WAL [RI PR IBOSA T P A A BOR i 5 Bre AR S IO,

SERINZE 2 R, 0.1% P RRIRHGEE 2 1 A)- LRI I
ROR BT TR, 254 0.1% H RV W - £ T AR A S I
PEATHREL

F2 FEKBRTHEPHRIUERN=3)
Table 2 Extraction of compounds in different aqueous
solutions (n=3)

fraymy TR (=80%) I (30%~80%) IR (< 30%)
™ A B Cc D A B

C D A B C D

FEERR 17 13 14 15 3 4 4 5 0 3 2 0

g§§l9198500780046

HEH 16 8 17 18 2 7 1 0 0 4 0 0

F: AL 0.1% W ERIA; B. 0.1 mol/L EDTA Mcllvaine 28 WA ; C.
1%BE R D. 5% BEHR AT

23 BUEHFSMmK

R TR AR 2 AR O, A ST S R R R OB L
b uE AL, Bl FXER S KEEN . GRMEEE,
i ME 58, JCIRH AR HR 4324 9 1) doe e % B BR A ok, A
I, T R BOR HE TAAAL BE  BUA IR R, ek T
T . BAHZE U § k. QUECKERS ¥k, Hohii
a2 A 2 R R AR A T B BRI AR SR A Bk 12 1
T2 EZFREA R b, FICABEE /3 B T ik 3
5k, b B8 QuEChERS b, 424 . Sz
R 60%, 37T fE 5 QUEChERS 3 Fi B T 3 2 I jh
VEFRA 5, T B 3 o 3 ol o A AR Bk, A2 . B2
RN 80%, Nt DH AT AR 1 FUAE BRBEAR ALY, HBR/KIE
PEZR T RE S 42, DHCR FHER BT IR ok i e 2 i, 223t

AT S N, TOKBRRREE . ToKBRERAN, Hhm AJEK
TRIREE IS R, 2R iR, SR AT K i i
BRI BT, B AEA I a2 T B0 43Tk e I R R 1 Tl
ZE AR ARAIR, TR S22 4% T AN [R]BC EL 1) S AR R AN TG K
BRERFN X AL RCR R, EALENR RS 050 1.0,
1.5 g, JOKBREREN TN 4.0 g F16.0 g, 455 B Y58 4k5N
FITCKBRERAN4T 0 1.5 g F1 6.0 g B, ZGHAY G4 ] ik
100%, PRIIESE 1.5 g SALEAFN 6 g TOKERBRSNHEATERAT
T LR A | BRER AT . P A G BT AT A1
T 165 Fhfel . MAWTHE SR E, Wk 3 iw, &
LB T BT A 2 FEAHZE B A i A . AEAH R INAR K
50.0 ug/kg N, H# T Prime HLB A1 HyperSep Retain PEP
PR 2ok 2 TR 2 EORE T 2% 25 0 RIBOR, S8 T Il
TRAE M PEP #F, SLIGESIANE 4 iR,

®3 FRFUEHETHLAHIRIEL(N=3)
Table 3 Extraction of compounds in different purification
condition (N=3)

EWRAE A B AR B A

[ %(>135%) 21 34 0
S 110 113 165

(40%~135%)

[m] i (<40%) 1 18 0
;28 *HLB ePEP

0 50 100 150 200 250 300 350

[’ 4 Prime HLB I HyperSep Retain PEP ¥4tk T &1L & W14
[ A (n=3)
Fig.4 Recoveries of compounds after purification by Prime HLB
column and HyperSep Retain PEP column (#=3)

24 HmERWNAHEER

T 1 A58 € 1 - DU A AT/ FL 1 0L B 5 40 T A
TR = VO BT B SR TR, (H
ME J3RAEAER) . AT 4 B ME=[(FF 544 T 2 T in
T AW TR R B HEVA R TR )11 100%, XF ME #E473F4T,
M ME AT 0.85 F1 1.15 Z[aFRIITHE ME, KF 1.15
EELTUETR, /NT 0.85 BETMHI, MgHET 165 Flkz Bzl
i) MEs Ja /IR 0.42~9.21, RHFMAZy | A E IR
LTSGR NG, PRI SER B BV B A bR it 2R 1A T
ER, THEE ME BU52

2.5 {LEMRTHEFIFHIE
Z % B & ah 25 0 I B 8 3 R (Food and Drug



20 &

B, AF OB - DU/ S B 2 B B T A A P 165 Bl 2y | 2Bk B 81

Administration, FDAYE (M- 2515 FZ RS20 (fb2¥
Y S 5% B A BT R B R ) PO (2R R G h R
ORISR ) B B 2002/657/EC Peis BARLE f 5
PETTIEVERESE bR, T LT S E A RE R E A PSS R
251 HbeHheyizd

TE S ppm U E FYEE NS THREG HARYIE 50
{FWE L SIN>3; 24 SIN RIFLERT, ARARATE 5 M ELL
FIA REIRE R — M55 o BRI DR B e 8] 5 o 3 e o Ay £
BRI 28U 22/ N T45F 0.2 min BH+2.5% AN (At
0.5 min); HFRYIAIE S HEBTIE RS FEAR L, W] RAPCRE F—
FBEE R R, H— SRk B TR B
Z/NT 5 ppm, ZRIEREF RN MZE/DT 10 ppm;
[ e 2 DA b 3 U2, U o i Sk S AL PR P
2.5.2 Aoy ARiE

SEALL BH A il 1) R T ] 5 R A B A T
HZ I G RS T LA, 2 Sk 2 Ak 2

AU B RO RS B A 22/ T 10 ppm, JUPAIE

FEARAPAPERESD . TR B T IRIRZERT 10 ppm, {HEH

JEHE AT AR PR VR W PP X RO TS - 1 AR R B A T UL,

A2 L2 4 BUE AT, TDAERE SO BAERE )
R4 ENBTFFEENRTFREN=3)

Table 4 Permissible deviation of relative ions abundance (n=3)

FXTE T B /% RVFRZE/%
>50 +10
20~50 +15
10~20 +20
<10 £50

2.6 JIEFIIE

R T B AR

3 1o B BC— T RS B R X o R R A T
Br, 165 Fhk 25 B 241E 0.5~100.0 ng/mL LR PEC R R4F, HH
KRBT 0.99, TEILFE 5,

2.6.1

Fz5 Z=EBEF 1S HRAESHNRLIR, TSR, LMEE. KMEH1E. HXEK. EYERF RSDs (n=5)
Table 5 Limits of detection, limits of quantitation, linear ranges, linear equations, correlation coefficients, recoveries and RSDs of
165 kinds of pesticides and veterinary drugs in eggs (n=5)

feoy MOl ERR AELGH et e ? LTZZKED ﬂgﬂ e
l(ng/kg) (ngkg) /(ng/mL) 3Ds RSDs EIHCH RSDs

/% 1% 1% /% /% 1%

il e — PP g 0.5 1.0 0.5~100.0 Y=4.63384x10°X-1.85490x10° 0.9964 103.24 6.37 10571 533 97.06 2.63
T A8 A g 0.5 1.0 0.5~100.0 Y=1.46093x10°X+1.57973x10° 0.9916 106.78 4.35 114.43 3.53 103.71 1.41
i g S5 e 0.5 1.0 0.5~100.0 Y=1.41515x10°X+5.58367x10° 0.9983  92.00 10.57 109.37 6.13 96.51  6.57
T iz ok 0.5 1.0 0.5~100.0 Y=8.67808x10°X+1.23955x10° 0.9931  64.82 13.78 78.78 3.37 83.87 1848

Till Bl FR s 0.5 1.0 0.5~100.0 Y=7.68728x10°X+8.64026x10° 0.9982 105.89 7.19 108.81 3.57 9891 2.71
it frg Y e e 0.5 1.0 0.5~100.0 ¥=2.79532x10°X-6.55958x10° 0.9916  90.74 6.78 106.59 4.15 93.60 1.55
T Jie R ST 0.5 1.0 0.5~100.0 Y=1.51287x10°X+9.26330x10° 0.9904 105.46 8.14 117.00 4.91 10039 3.13
it frie X FFY 4 0.5 1.0 0.5~100.0 Y=3.09663x107X-5.45163x10° 0.9943 108.14 5.98 109.72 2.36 99.07 2.54
ik e FH AR Ik 18 0.5 1.0 0.5~100.0 Y=2.63946x10°X+8.05185x10° 0.9951 108.14 5.98 109.72 2.36 99.07 2.54
il g 1] B 4 s e 0.5 1.0 0.5~100.0 Y=4.66562x10°X+9.61572x10° 0.9934  97.15 7.18 114.66 4.02 9798 3.33
itk Jile — PP e 0.5 1.0 0.5~100.0 Y=4.76396x10°X+7.73877x10° 0.9982 9438 431 9521 6.83 91.57 3.85
il P bk 0.5 1.0 0.5~100.0 Y=3.75672x10°X+4.62199x10° 0.9934 104.76 5.00 105.67 431 9484 2.71
Til e s S o 0.5 1.0 0.5~100.0 ¥=9.25300x10°X-9.87901x10* 0.9948 112.81 9.15 115.01 4.49 101.34 3.45
i iz g e 0.5 1.0 0.5~100.0 Y=1.38682x10°X+9.02368x10° 0.9967  98.12  3.19 106.05 5.11 96.05 2.10
it frle — HH S5 s 0.5 1.0 0.5~100.0 Y=5.02665x10°X+6.96026x10° 0.9916 84.39 6.15 94.83 3.51 9497 2.04
FAA g 0.5 1.0 0.5~100.0 Y=4.64061x10°X+2.39589x10° 0.9980  84.69 1.02 9430 3.75 86.37 222
TR 0.5 1.0 0.5~100.0 Y=1.44195x10°X+3.45181x10° 0.9942  80.14 438 86.72 3.49 79.65 2.01
T it frig W e 0.5 1.0 0.5~100.0 ¥=5.41848x10°X+3.06705x10° 0.9935 84.16 18.99 79.73 10.52 69.46 3.93
BN LR 0.5 1.0 0.5~100.0 Y=6.85889x10°X+6.40912x10° 0.9914 101.46 7.64 11335 1.96 9498 229
it e s 1k 2.0 50  2.0~100.0 Y=6.95201x10°X+2.00483x10° 0.9951 129.80 19.97 98.83 4.31 93.18 2.84
Tk i SR w18 0.5 1.0 0.5~100.0 Y=2.82293x10°X—4.12737x10° 0.9937 97.94 8.94 106.52 2.98 10433  4.17
it g e 0.5 1.0 0.5~100.0 Y=8.78960x10°X+2.39687x10° 0.9962 106.18 7.15 9554 539 9234 253
fid iz () —F AR mERE 0.5 1.0 0.5~100.0 Y=1.07391x10°X+2.69460x10° 0.9918 109.78 4.61 108.80 3.07 9437 3.70
KRR 0.5 1.0 0.5~100.0 Y=8.24575x10°X-9.17065x10° 0.9934  83.77 7.64 83.47 203 7634 552
kv 0.5 1.0 0.5~100.0 Y=3.32804x10°X-5.23622x10° 0.9948  74.68 7.94 76.56 5.04 69.64 3.78
AR > B 0.5 1.0 0.5~100.0 Y=1.94297x10°X+4.53884x10° 0.9932 11642 9.87 106.19 2.80 9234 546
ZENER 0.5 1.0 0.5~100.0 Y=8.86269x10°X+5.62494x10° 0.9946 110.84 8.79 107.20 2.07 91.45 8.82
Wi A 0.5 1.0 0.5~100.0 Y=6.87959x10°X-1.34028x10° 0.9941  56.15 10.13 59.82 4.12 56.34 8.40
AR A 0.5 1.0 0.5~100.0 Y=3.85704x10°X+3.88011x10° 0.9930  79.15 6.37 79.65 4.45 71.64 5.68
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= 5(4)
. - o WK1 Bk 2  BIKFE3

o SR R REVE 2 Py 2 ~ — ~
Aug/ke) Aug/ke) /(ng/mL) [ RSDs [ RSDs A% RSDs
/% 1% /% /% /% 1%
N AU 0.5 1.0 0.5~100.0  ¥=9.55415x10°X+6.87075x10° 0.9968 94.00 5.97 99.36 4.83 94.61 4.08
S TR 2.0 5.0 2.0~100.0 Y=2.02866x10°X+3.92876x10° 0.9910 118.37 14.53 114.95 3.79 103.54 11.51
D A 0.5 1.0 0.5~100.0  Y=1.95834x10°X+8.35027x10° 0.9908 85.34 12.52 81.96 5.46 76.34 843
N7 0.5 1.0 0.5~100.0  Y=4.87504x10°X+1.30587x10° 0.9970 106.14 14.01 103.56 4.39 94.89 4.46
Yhi R 0.5 1.0 0.5~100.0 Y=1.87863x10°X+3.31262x10° 0.9918 105.67 16.06 104.51 2.64 84.26 6.58
AR AR 0.5 1.0 0.5~100.0  Y=6.37381x10°X-7.75864x10° 0.9950 91.54 7.94 103.49 2.80 91.38 2.99
WHE 0.5 1.0 0.5~100.0  Y=1.78475x10°X-7.59358x10° 0.9945 70.58 12.67 6893 4.43 6045 8.58
ey TR 0.5 1.0 0.5~100.0  ¥=9.37144x10°X+1.75344x10° 0.9909 86.15 10.89 78.78 3.80 73.15 5.64
TR 0.5 1.0 0.5~100.0  Y=2.64452x10°X+2.91491x10° 0.9935 105.91 11.67 10548 2.01 96.34 4.03
D 0.5 1.0 0.5~100.0  ¥=7.75893x10°X-4.67090x10° 0.9931 54.38 14.91 56.56 6.36 48.89 7.23
B2 0.5 1.0 0.5~100.0  Y=1.28129x10°X+1.22069x10° 0.9912 103.49 11.27 98.46 3.69 89.34 6.51
B U 0.5 1.0 0.5~100.0  Y=5.94608x10°X+7.49482x10° 0.9949 8439 10.95 83.42 581 7734 534
G s 2.0 5.0 2.0~100.0 Y=7.14161x10°X+7.09529x10° 0.9938 126.34 11.89 115.15 3.54 98.00 13.12
R 2.0 5.0 2.0~100.0 ¥=5.71578x10°X-6.59701x10* 0.9906 104.61 9.48 9436 4.49 9331 5.93
FH 2 B s 2.0 5.0 2.0~100.0 Y=7.31036x10°X+9.43802x10° 0.9914 118.37 5.69 104.36 4.13 78.51 17.74
8 TP R A 0.5 1.0 0.5~100.0  Y=8.86999x10°X+5.64019x10° 0.9975 10648 9.61 86.72 3.77 89.18 3.66
2-GAEEEEME 2.0 5.0 2.0~100.0  Y=5.80551x10°X+7.76254x10° 0.9923 118.64 9.46 105.18 2.04 93.35 3.48
IRk 0.5 1.0 0.5~100.0  Y=4.39935x10°X+6.14486x10° 0.9952 114.63 9.61 11439 2.58 102.45 3.78
TR Tk 2.0 5.0 2.0~100.0  Y=3.92549x10°X+1.94999x10° 0.9914 118.61 5.14 11436 1.17 106.34 3.08
TR 2.0 5.0 2.0~100.0 Y=5.60141x10°X+6.61125x10° 0.9980 125.94 6.34 108.82 1.03 90.34 7.44
S-FRFEMEFSIAME 0.5 1.0 0.5~100.0  Y=9.81572x10°X-4.76467x10° 0.9911 11647 13.91 117.70 6.25 102.00 6.57
3 37N 0.5 1.0 0.5~100.0  Y=3.65140x10°X+9.14144x10° 0.9938 109.64 6.45 114.36 3.43 101.34 439
=R ke 0.5 1.0 0.5~100.0  Y=4.54852x10°X+3.29526x10° 0.9941 67.14 11.94 68.11 11.14 78.79 4.11
AT 2% ik el 3.0 10.0 5.0~100.0 Y=3.06716x10°X+1.60712x10° 0.9922 126.34 11.67 103.81 14.69 81.44 1548
A 24 35 AR 0.5 1.0 0.5~100.0  ¥=5.43837x10°X+6.87662x10° 0.9934 108.61 3.48 11637 1.53 9845 3.34
T 4% 0k WA I 7, 0.5 1.0 0.5~100.0  ¥=3.60262x10°X+5.85148x10° 0.9961 110.66 12.80 109.93 4.30 97.92 3.14
PR IR L 0.5 1.0 0.5~100.0  Y=2.45205x10°X-3.35623x10° 0.9904 89.60 8.61 92.12 420 81.34 3.82
AR IRk 0.5 1.0 0.5~100.0  ¥=2.53065x10°X+5.23243x10° 0.9961 89.67 553  93.02 3.54 8795 4.93
JEHER IR 2.0 5.0 2.0~100.0 Y=7.97916x10°X+2.37586x10° 0.9935 130.47 6.39 112.09 5.08 97.56 3.65
BAY UL 0.5 1.0 0.5~100.0  ¥=5.10248x10°X+4.80473x10° 0.9981 126.31 6.63 88.90 6.83 126.34 18.07
Fir 2 b 0.5 1.0 0.5~100.0  Y=3.15149x10°X-3.49287x10° 0.9967 116.34 5.35 111.64 1.08 103.67 3.46
EENivE 35 0.5 1.0 0.5~100.0  Y=6.90711x107X-7.41740x10° 0.9915 129.97 13.71 11991 5.94 9131 5.19
i 0.5 1.0 0.5~100.0  Y=2.67557x107X+1.48180x10° 0.9964 89.43 7.80 96.31 9.17 83.64 8.6l
$r DL IR 0.5 1.0 0.5~100.0  Y=6.61911x10'X+7.90406x107 0.9928 111.84 6.20 101.47 3.47 93.05 5.84
W A 4 0.5 1.0 0.5~100.0  ¥=9.38825x107X+1.91264x10" 0.9961 84.34 14.50 103.78 3.46 76.83 14.27
KR A 2.0 5.0 2.0~100.0  Y=1.95069x107X+6.71726x10" 0.9937 131.45 7.85 111.02 4.04 10638 8.24
E IR 0.5 1.0 0.5~100.0  ¥=8.70566x107X+1.10556x10" 0.9982 108.65 6.29 106.41 1.78 9438 2.36
VT Rk 0.5 1.0 0.5~100.0  Y=7.30818x107X+4.87291x10" 0.9931 4541 5.10 4694 4.61 4681 3.84
WERD 2.0 5.0 2.0~100.0  ¥=9.05038x107X-6.81094x107 0.9943 129.90 8.70 106.24 1.40 80.34 13.05
EEATRILLI N 0.5 1.0 0.5~100.0  Y=7.13471x107X-6.32128x10" 0.9961 5635 6.96 6430 3.37 60.64 3.32
AR 0.5 1.0 0.5~100.0  Y=8.79515x10'X+1.25875x107 0.9960 107.01 4.16 108.06 4.36 103.57 3.89
ZARET 0.5 1.0 0.5~100.0  ¥=1.26966x107X+5.54787x10" 0.9905 98.89 3.31 101.37 1.99 91.52 2.39
YA RS 0.5 1.0 0.5~100.0  ¥=1.33377x107X+8.12947x10° 0.9981 108.26 5.17 10422 2.10 102.19 3.14
IR FES 0.5 1.0 0.5~100.0  Y=7.77419x107X+7.84358x10" 0.9984 10539 6.37 99.59 3.05 93.57 2.51
[IEETS 2 0.5 1.0 0.5~100.0  ¥=2.30528x107X+7.57105x10° 0.9930 77.10 3.30 79.47 3.22 76.38 3.90
[IEiEs2s 0.5 1.0 0.5~100.0  Y=6.56537x107X+2.61159x10° 0.9951 88.87 4.50 94.89 245 86.05 1.52
AR 0.5 1.0 0.5~100.0  Y=7.79272x107X-4.47965x10" 0.9905 101.84 3.37 103.67 2.64 94.06 2.17
AR S 0.5 1.0 0.5~100.0  ¥=1.25039x107X-8.90096x10° 0.9936 9232 191 9478 1.76 94.85 2.35
AT R 0.5 1.0 0.5~100.0  Y=4.26359x10'X+1.16278x107 0.9919 9426 430 86.34 3.81 89.68 427

ST 0.5 1.0 0.5~100.0  Y=1.23696x10'X+2.96694x10° 0.9937 90.13  3.63 94.12 3.22 86.94 3.47
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WIS 1 WK 2 BIKE 3

SR R 2

feadn Nng/ke) Anglkg) (ng/mL) S © EgF  RSDs K RSDs FIHCE RSDs
/% /% 1% 1% /% /%
Al A 2.0 5.0 2.0~100.0 Y=2.40413x10°X-2.17586x10*  0.9925 9324 568 97.00 15.63 108.34  5.10
Hb IR AR 0.5 1.0 0.5~100.0 ¥Y=2.60152x10°X+6.91059x10°  0.9941 103.77 4.43 8297 1.51 12548 12.49
HE R e — 2.0 5.0 2.0~100.0 Y=8.95968x10°X+1.48550x10° 0.9965 10224 691 9197 48513479 15.81
ok 2.0 5.0 2.0~100.0 ¥=5.18034x10°X+4.89615x10° 0.9981 10224 691 9197 5.17 12834 1537
e e T 0.5 1.0 0.5~100.0 Y=8.02219x10°X+8.45081x10* 0.9935 101.38 5.14 100.37 2.35111.42 13.24
S T 22 2.0 5.0 2.0~100.0 Y=3.39151x10°X+7.84143x10°  0.9943 10924 3.11 78.64 6.89 121.01 10.40
PR Je s e 2.0 5.0 2.0~100.0 ¥=9.53369x10°X-7.37188x10° 0.9918 119.66 4.59 9826 2.35 89.30  4.06
R 2.0 5.0 2.0~100.0 Y=5.92387x10°X+9.69889x10°  0.9926 112.35 327 6438 1044 9145 7.34
AN 3.0 10.0 5.0~100.0 Y=7.56246x10°X+0.74507x10°  0.9943 110.69 9.68 115.66 838 90.79 7.1l
AR YA 2.0 5.0 2.0~100.0 ¥=3.52753x10°X+2.99847x10° 0.9981 12633 826 11634 4.55 9257  3.01
AN 2.0 5.0 2.0~100.0 Y=7.23415x10°X-3.68248x10° 0.9973 115.07 8.44 11034 5.37104.09 4.20
EREE 1] 0.5 1.0 0.5~100.0 Y=5.81957x10°X+6.54818x10°  0.9917  93.21 7.74 96.39 14.56 120.32 18.46
|54 3.0  10.0 5.0~100.0 ¥=1.55289x10°X-2.79009x10*  0.9956 130.37 10.09 71.34 13.63 114.77 11.16
PN 12 S i 3.0 10.0 5.0~100.0 Y=1.94213x10°X+1.44055x10° 0.9935 7574 3.11 6435 1631 5997  6.07
ETIya 0.5 1.0 0.5~100.0 Y=1.82854x10°X+0.91715x10* 0.9941 101.38 5.41 103.45 13.51 112.23 13.63
i Al 2.0 5.0 2.0~100.0 Y=8.47968x10°X-5.16373x10*  0.9938 107.16 7.56 109.34 13.25 97.72 12.48
fBERAS 2.0 5.0 2.0~100.0 ¥=5.59744x10°X+1.65235x10* 0.9982 118.77 8.99 109.34 4.45 89.52 13.57
fEKFA XN TR 2.0 5.0 2.0~100.0 Y=6.61068x10°X+0.63215x10° 0.9957 12647 836 103.47 12.48 9453  6.12
b S TR 2.0 5.0 2.0~100.0 ¥=9.06535x10°X+7.22744x10° 0.9915  89.30 7.47 103.12 521 93.34 10.29
SR 2.0 5.0 2.0~100.0 Y=2.97760x10°X+0.96397x10°  0.9934  93.22 1036 106.12 6.61 9547 12.58
FH T e 2.0 5.0 2.0~100.0 Y=7.46041x10°X+1.29921x10° 0.9968  98.79 7.84 10431 3.84 9257 3.71
T 2.0 5.0 2.0~100.0 Y=7.39724x10°X+6.22932x10°  0.9935 100.64 9.47 11438 4.05104.59  2.48
0 e b S T e 2.0 5.0 2.0~100.0 Y=1.26816x10°X-0.55621x10° 0.9914  82.84 19.01 10637 5.73 95.66  2.90
B il 2.0 5.0 2.0~100.0 ¥=9.93153x10°X+6.30929x10°  0.9908 106.37 10.64 10438 228 93.80 2.44
FE TRl 2.0 5.0 2.0~100.0 Y=6.64623x10°X+3.93051x10° 0.9915 105.61 7.09 10437 3.67 9738 2.71
o s 2.0 5.0 2.0~100.0 Y=8.50817x10°X-2.83880x10° 0.9909 11648 3.47 11438 2.63 97.01 3.74
4 Wikt I 0.5 1.0 0.5~100.0 Y=7.77974x10°X-1.32679x10°  0.9910  64.68 298 72.54 2.59 65.89  2.48
SN2 R 0.5 1.0 0.5~100.0 Y=6.84723x10°X-2.18194x10° 0.9914 8937 2.10 88.12 299 80.34 3.6l
AHE 2.0 5.0 2.0~100.0 ¥=3.33117x10°X+2.65134x10° 0.9937 116.78 491 11438 2.67 10435 2.07
BoRje % 2.0 5.0 2.0~100.0 ¥=6.79995x10°X+1.24177x10° 0.9914 119.63 1036 11638 4.79 106.34  2.18
G % 2.0 5.0 2.0~100.0 Y=8.35778x10°X~1.43822x10° 0.9959 118.40 5.61 11537 3.73102.38 2.32
f i 0.5 1.0 0.5~100.0 Y=6.10178x107X=5.07818x10°  0.9931 123.67 5.39 11444 24810197 327
BN AL A 0.5 1.0 0.5~100.0 ¥=8.27007x10’X~1.89807x10"  0.9965 119.35 420 10437 4.60 9671 431
VG 0.5 1.0 0.5~100.0 Y=2.35206x107X+3.36531x10"  0.9934 118.96 3.31 108.15 3.48 88.63 19.53
LR FUTRES 0.5 1.0 0.5~100.0 ¥Y=9.43231x10"X+4.97714x107  0.9922 12198 8.69 106.34 248 9438 12.18
JC Ak 0.5 1.0 0.5~100.0 Y=2.72592x107X+3.81865x10"  0.9942 103.94 827 10248 3.76 9535 3.62
T 0.5 1.0 0.5~100.0 Y=6.19412x10"X+0.78917x107  0.9973 11937 1023 9437 3.52 77.17 12.45
SN R 0.5 1.0 0.5~100.0 ¥=5.82537x10"X+8.28996x10° 0.9946 124.67 729 9534 3.48 9324 555
IR i 2.0 5.0 2.0~100.0 ¥=6.30056x10"X=1.73092x10"  0.9905 13334 9.01 10145 1.70 8433  6.80
! 0.5 1.0 0.5~100.0 ¥=9.314921x107X-5.89825x10" 0.9938 7237 6.81 7834 3.14 7482 3.80
PP e 1 0.5 1.0 0.5~100.0 Y=9.08563x107X+8.23683x10° 0.9936  89.64 6.81 9438 2.87 89.33  4.17
BN % 0.5 1.0 0.5~100.0 Y=8.84158x107X-6.37296x10°  0.9990 126.37 9.15 112.37 1.82 9435 574
] (R P 0.5 1.0 0.5~100.0 Y=6.26456x10"X+2.93039x10° 0.9935 106.64 3.69 104.68 2.60 93.12  2.65
BT FLR [ 0.5 1.0 0.5~100.0 Y=4.29609x107X+1.19733x10° 0.9931 112.67 4.67 111.34 2.89102.35 428
LG 0.5 1.0 0.5~100.0 Y=7.52923x10"X+2.94854x10° 0.9949 107.72 3.06 10435 3.04 79.00 13.67
VG P 3.0 10.0 5.0~100.0 ¥=5.45945x10"X-0.424102x107 0.9992  53.47 1243 12538 1431 86.47 5.12
B A 2.0 5.0 2.0~100.0 ¥=3.38246x107X-9.95593x10° 0.9964 115.74 574 10697 4.34 9735 3.11
FIRF £ 2.0 5.0 2.0~100.0 ¥=3.38425x10"X+1.70134x10" 0.9914 10934 6.47 107.68 1.67 103.45 5.73
poa| e 2.0 5.0 2.0~100.0 Y=2.00601x10"X+8.63519x10" 0.9924 118.95 12.93 10737 3.01 80.34 4.15
WS IR ) 2.0 5.0 2.0~100.0 Y=8.60904x10°X+3.25534x10° 0.9998  96.63 831 70.38 1690 70.51  7.76
FEHR 0.5 1.0 0.5~100.0 Y=6.15483x10°X+6.75422x10° 0.9957  76.13 4.15 86.37 5.68 12495 11.42




84 1% A T R A AR
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WK 1 7K 2 K 3

PR E R RMETE
/(ng/kg) /(pg/kg) /(ng/mL)

et e

2

e RSDs MR RSDs  IHIIE RSDs
/% /% /% /% /% 1%

3-FRFEk 0.5 1.0

B H 3.0 10.0
EINEAL 2.0 5.0
i R R 2.0 5.0

I ik R A 2.0 5.0

FRA 3.0 10.0

HORE R 3.0 10.0

B BRI 2.0 5.0
CHEBEERTEE 2.0 5.0

et 2.0 5.0
B L T 3.0 10.0
S 3.0 10.0
T F et 2.0 5.0
PR 3.0 10.0
A 3.0 10.0
ik H b 3.0 10.0
il 3.0 10.0
R 3.0 10.0
R 2 i 0.5 1.0

I AT e 2.0 5.0
WE H bk 3.0 10.0
FLRL 0.5 1.0
IR IR 2.0 5.0
B 2.0 5.0
L A ik T2 T 2.0 5.0
mif il 72 2.0 5.0

N 7 Tk 2.0 5.0
35 Lt 2.0 5.0
[ILIBERE 2.0 5.0
7 2.0 5.0
Ji5 TR g 2.0 5.0

E e T 2.0 5.0
FH i g 2.0 5.0
I TR i 2.0 5.0
FAT+G 2.0 5.0

0.5~100.0  ¥=4.19535x10°X+4.63155x10° 0.9994 113.37  6.51 11438  3.67 10127 2.3
5.0~100.0 Y=8.57627x10°X+5.36181x10° 0.9957 126.78 14.70 112.80  6.34 103.84 5.47
2.0~100.0 ¥=3.65199x10"X+4.16423x10° 0.9934 55.91 7.09 5034 495 56.57 8.0l
2.0~100.0 ¥=1.37798x10"X-4.30126x10° 0.9913 86.34  4.32 9438 5.61 9245 4.67
2.0~100.0 ¥=6.79692x10°X+7.32532x10° 0.9912 121.35 9.69 87.38 14.44 82.64 6.04
5.0~100.0 ¥=9.98203x10°X+5.26617x10° 0.9961 106.98  4.14 11033  4.46 104.65 8.29
5.0~100.0 Y=7.87984x10°X+4.89881x10° 0.9984 108.34  6.01 86.34  5.75 121.51 7.12
2.0~100.0  ¥=4.50078x10°X+0.905136x10° 0.9927 100.69  8.57 104.33 349 9234 738
2.0~100.0 ¥=9.66943x10°X+7.48771x10° 0.9916 106.34  6.34 115.11 4.70 96.13 7.04
2.0~100.0 ¥=2.12283x10°X+8.35385x10* 0.9950 107.33 7.54 112.60 276 103.54 5091
5.0~100.0 Y=6.58848x10°X+8.13738x10° 0.9913 112.53 8.45 119.34 331 103.64 524
5.0~100.0 Y=6.24376x10°X+2.69941x10° 0.9935 76.83 1531 9832 14.13 94.68 3.15
2.0~100.0 ¥=6.06528x10°X+5.50120x10° 0.9981 68.33 831 6791 6.64 7045 6.78
5.0~100.0 Y=4.584079x10°X+5.89433%10° 0.9922 107.76  3.00 105.91 395 9634 4.13
5.0~100.0 ¥=3.29139x10°X-6.19319x10° 0.9938 122.94  7.71 118.64 4.61 93.14 3.08
5.0~100.0 ¥=9.02963x10°X-8.75681x10° 0.9943 115.67  5.56 116.78  2.95 103.28 3.17
5.0~100.0 ¥=2.68429x10°X+5.50471x10° 0.9961 99.36 10.25 106.71 847 9534 9.15
5.0~100.0 Y=7.07448x10°X+1.02239%10° 0.9948 105.71 3.89 9436 431 11457 731
0.5~100.0  ¥Y=1.77973x10°X-8.93212x10° 0.9937 109.37  3.51 106.34 11.66 93.15 12.34
2.0~100.0 ¥=3.36961x10°X+7.88231x10° 0.9949 126.50 12.16 129.48  3.81 9823 3.72
5.0~100.0 Y=7.69804x10°X+9.14644x10° 0.9950 109.67  4.60 118.34  2.96 101.20 2.34
0.5~100.0 ¥=2.63862x10°X+1.18381x10° 0.9916 11534  4.79 7534  8.55 123.48 9.62
2.0~100.0 ¥=4.85364x10°X+9.91175x10° 0.9953 76.34 11.20 89.61 13.64 79.31 14.47
2.0~100.0 Y=3.72846x10°X+6.70825x10° 0.9924 8437  7.34 65.37 18.90 103.30 19.14
2.0~100.0 ¥=2.23432x10°X+7.59049x10° 0.9929 114.78  9.46 91.34  7.57 8024 7.33
2.0~100.0 ¥=7.30691x10°X-2.73796x10° 0.9960 7635 11.45 5436 7.01 4234 242
2.0~100.0 ¥=6.39003x10°X+2.51864x10° 0.9973 56.34 12.03 48.69 3.11 4136 13.78
2.0~100.0 ¥=5.51351x10°X+3.25595x10° 0.9914 99.72 1.19 80.77 4.07 126.34 13.86
2.0~100.0 ¥=4.64855x10°X+5.31913x10° 0.9985 111.13 5.71 110.69  3.87 84.93 1597
2.0~100.0 ¥=7.45102x10°X+7.75367x10° 0.9934 126.31 13.92 7834  6.54 103.25 17.05
2.0~100.0 ¥=8.12133x10°X-6.95787x10" 0.9930 111.37
2.0~100.0  ¥=8.03058x10°X+9.60806x10° 0.9987 106.73 3.81 108.43 2.23 103.57 3.18
2.0~100.0 ¥=7.38247x10°X-2.60794x10* 0.9961 106.71 2.76 10629  2.18 84.35 13.48
2.0~100.0 ¥=4.19935x10°X+2.42748x10° 0.9983 129.34 10.34 121.54  3.49 102.45 3.48
2.0~100.0 ¥=7.92982x10°X+1.34135x10° 0.9951 86.34  2.65 82.61 3.85 76.09 3.05

1291 113.45 7.66 90.00 5.24

TE: EERHN 1.0 ngkg LAY, 3 A5 1.0, 5.0, 10.0 peke; EERN 5.0 ngke KLEY, 3 MEIKF5514 5.0,
10.0, 20.0 pg/kg; EEIR M 10.0 ug/kg LAY, 3 NEINAKE-451°0 10.0, 50.0, 100.0 pg/kg. AHXTHRHEN 2 (relative standard deviation,

RSD).

262 HERL5EEFR

WIE RIRAFUEAR T 5 e O EY, KRV
WSE, RIEEME L SIN>3 ., SIN>10, B5E &ALG PR R
FERRR, 165 Ffezy . H2yiu KR A 0.5~3.0 ng/kg, &
PR 1.0~10.0 pg/kg. LA PR HBR . 2 RERR LR 5.
2,63 MEELEHE

TEZS ISR 165 FlRZFEZIHMERTE, HARE
TR T R AR INAR, 435020 1.0.5.0.10.0 pg/kg(E
RN 1.0 pg/kg), 5.0.10.0.20.0 pg/kg(E RBR N 5.0 ng/kg),
10.0. 50.0. 100.0 pg/kg (EHBEHM 10.0 pg/ke), FAMRE

AT E 5 A, 165 Fh A< 25 25 1 7 B [ iR
41.36%~134.79%, RSDs 4 1.02%~19.97%, AHIFFE 7 H)
T RS NY/T 1986—2010 ( B24 5% B 526 28 ffi 4%
HIRETE ) Hr A EsR, G35 /BT Jr ik 14 Tl e S5 LK F 40%,
FTAR RS Z AR 5 R BUNF B E ST 30%, RAARTE
A R 14 B RO 25

2.7  SKPRHEAYNE

IR %o Wy [ R Tl AR B2 T 0 100 (3 XS 200 T T
AT M, W SRR R PR 8 1y, e N 5.27~15.62 pg/kg;
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B, AF OB - DU/ S B 2 B B T A A P 165 Bl 2y | 2Bk B 85

ot BT D B R 5 0, MREEN 10.53~26.52 pg/ke; ARk
[ PP S FEA: 2 10, VRBEAT5I0M 12.66 pg/keg F119.49 pg/kg.o
PRAERE LT A2 2.5 Ak B P2 e 25, . [RlER A
GB 31658.17—2021 Zh¥tk i UER R | S Frngs
AR ZG W5 B BRI 2 RO - R BT RS L ) A GB
31658.20—2022 { Sk & 5 Ik ReEE 2 20 K LA
5% BRI E BORH 3 - B BRT R ) X 100 HEUOWS EEFE
AR e . BETD AL L R ) R S 25 ) % B
43T, 15 SERFE S AN 25 S PR . il SRR vk i)
K, 53Rt R, T EX AR R . BT A
Tk i ) P 4 W % B 1) O3 5 B0 2R R 100%

3 4 i

AR5 5 i OB €1 - DU AR R/ L S U B v
SI IR AT T AE 20 min P [R]ES RIS 2 165 A2
AR 25 B BRSO A A IE 7% . Q-Exactive Plus [/ 233
RAEE L P ARSI R IL T TR, FRACIRBHESR %y
R, R WA, DU, AR S T &Y. B
2 5% B8 B DA I K o 2 i RS R S A
(7] s SR P ] 8 o 3 WA 5 SR A T I E, 45 SR R %
FEXFARRBARIEE . Binvh A ] A g 259
FEER WA HERR R 100%, AT 4F A 38 28 v bR st i ok A
UERH B AR 2 . AHiZ Oy IR B A IR, o2 B
1% Q-Exactive Plus 7E Full-MS-ddms* = F, A E &
HAPLE, X F S8k i B AR S, TR S o B
7% Q-Exactive Plus PRM B T EHREMNTE H

SE MR
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