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ABSTRACT: Objective To establish an isotope dilution high performance liquid chromatography-tandem mass
spectrometry method for the quantitative analysis of N-phenylpropoxyphenyl carbodenafil in health foods. Methods
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The samples were ultrasonically extracted with methanol, and the extracts were centrifuged, filtered and then
analyzed. Chromatographic separation was performed on a RP;g column (2.1 mmx100 mm, 1.7 pm) used gradient
elution with 2 mmol/L ammonium formate aqueous solution and acetonitrile as the mobile phase. Detection was carried
out using electrospray ionization in positive ion mode with multiple reaction monitoring, and quantification was
achieved using an isotope internal standard method. Results N-phenylpropoxyphenyl carbodenafil showed good
linearity in the range of 0.1-40.0 ng/mL, with a correlation coefficient greater than 0.995. The limit of detection was
0.005 mg/kg, and the limit of quantitation was 0.010 mg/kg. The recoveries at low, medium and high spiked levels
ranged from 83.99% to 110.25%, with relative standard deviation (RSD) ranging from 3.1% to 13.1%. This method was
applied to analyze 28 batches of collected samples, and none of them tested positive for N-phenylpropoxyphenyl
carbodenafil. Conclusion This method is efficient, sensitive and accurate, effectively correcting matrix-induced

ionization suppression in complex matrices, and is suitable for the qualitative and quantitative analysis of illegally added

FH1TE

N-phenylpropoxyphenyl carbodenafil in health foods.
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AR A B IR AR = — Bh OB B B R W -5
(phosphodiesterase-5, PDE-S)#llfilFIZL1%, & B ARkacmT
EAREA e D RE A PR CR A £ R rh 2y vl 122847
A3 o P S A AR M LA Ry AT,
(EHCIE AR 0.0 U R e S S R IR 2 0k FH 5 | & ™
TR LRSS, X2 AR R i 5 1, R, Sy
XFZB IR AE Y R R A DN T YR, X TR
YA RA RS S FRE LR WA E R (3
L) FEOCTE Rl R AREES I PDE-5 S50 B H 412
LPIRTRNEE, T T AHSCASIN 5 EERISE, S XS i D
R T HAR SR,

FIHT, #EX%F PDE-5 i 0] K HRA M A O 12 32
SR WA @G kL WA B - A B3 T (liquid
chromatography-tandem mass spectrometry, LC-MS/MS) &
MR A R PO R, AESERRAG I R, 2]
A GRAEEE L BEARTOR, R BRSSO, W
2y ZHEGE R ARy, 2 RE T HRY
P HL BB R, AT S BORE B0 (matrix - effect, ME)HY 3R Y
i, S SR R AR BT A, BES
HAL P FE P AAAE R B R | AN SE S I, gE—2D
BT E AR E M. ST BE BT BOAR E 2k
B ERE FE ME T8, (HXE R R B iE 4R B
R BAL AT T IR, AT O 22 KU o (AR SR TE I,
H HET XS AR LSS PDE-5 9 57 S AT A= Wy BOAG  J5 725 R
BT E— B4R T A3 ) 31 2 0 35 A DOV ST 1 v 0
M6 3% - 8 B 3% ¥ (high performance liquid
chromatography-tandem mass spectrometry, HPLC-MS/MS)

WE & 4 o BARIERT A 9y, JLK B PR (limit of
detection, LOD)FIE & FR (limit of quantitation, LOQ)43 51k
0.05 mg/kg 1 0.10 mg/kg; #5555 UR A 2 AORAH €41 -
VU R AT 250U B 55 53 BE R 53 43 BT (ultra. performance liquid

chromatography-quadrupole orbitrap high-resolution mass
spectrometry, UPLC-Q-Orbitrap HRMS)# . T 112 FpfEk

ImAL 2= 25 PRt A 1%, LODs Al LOQs 43114
0.0125~0.0625 mg/kg 1 0.025~0.125 mg/kg, & Lk )7ek:
HABAFRRMPERE, (BT T OR R IR E AR R L
Ay TRE ERIN T =, A 2 SR 45T i — 2B 3R s ], AIK
W BE T INFE S ATAEAE— B AR XU . PRI, mR7E 51 AR
BB PTIEROR, 3 B R R AR ET AL FRAR R . ME
FALER PN FAT R IARALIE, EAREIR LOD fy[R] A2
e AR MR VE S AT SR, R BT Rl PDE-S
L) A A I B (A B A T A e R B

[R5 M BTk 1k (isotope  dilution mass spectrometry,
IDMS)i@ 5| A5 H b3 s E — St oe R R
AR, AITESHT R b R A0 ME | FE SR R 5 50
B, J&H BTN S R B ikl 20 sk, bt
KRR EHARAEE 2 KB g P I RSl ME
TEAS R HAS IERCR ISR, HEZ RG0SR

i, AW T R R 2R R SO -
5 I T % ¥5 (isotope dilution high performance liquid

chromatography-tandem mass spectrometry, IDHPLC-MS/MS),
RGPl T 2R AL i R BRI AR B IR AR ME

2e5¢, HAURIE T IDMS fEIRIE TP A0F T A2 SRE
AEJT . X A Rl B ik e M RE S B, B A
ZB R R FARLIR N PDE-5 IS0 e A
IR HERTRER ARSI
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L1 #ME5EE
111 XA 5 A4

RNACR C AR AEARE S AR EE 3-8 3- AR
HHRAE-DS(LEEE =99%, [RI; 3R EEEE 98.9%, KHEF/RIER}
AR ).

HEE, IF . BRIk, 3 EPR CH/RBHEA
ml); HAiK(HEBHZEA 18.2 MQ « cm, 25 °C, 3£ [F Millipore
2o

FER WS . AR BERMNMEE . DOk . CRAERNE |
A ATADRAER A TR A
112 MEL5EE

ExionLC AD ERGRAIERE RS . 6500+Qtrap — H PUK
R (R AB SCIEX Zvwl); ACQUIYT UPLC BEH
Shield RP #1:(2.1 mm*100 mm, 1.7 um)., XSelect HSS T #§
(2.1 mmx100 mm, 2.5 pm). ACQUITY UPLC BEH C,4#E
(2.1 mmx100 mm, 1.7 pm) . Agilent poroshell SB-C;5 #:(4.6 mm
x150 mm, 2.7 pm), ACQUIYT™ PREMIER BEH C,g#E:
(2.1 mm x100 mm, 1.7 um)(3 [& Waters 2~ rl); FA224L H,F
KFCK B 0.1 mg, HiBZEFIE TR =R A RAF);
XP105 53 Hr KF-CRE B 0.01 mg, Hii-+- Mettler Toledo 2 ));
KQ-500DE P i T Ve A (B 1L vl P A s A BR 2 )
Milli-Q Progard®TS2 Zi7KAL(3E [ Millipore 2\ wl); Allegra
X-22R Centrifuge & L>HL(3E [E Beckman A H]); 0.22 pm A
MLRBER (LB ZHBERGAERSAE).
12 IRRERAES

FRNAR E AR AE R E A W R ARIBOR ALK
EHARAE 1.0 mg, & F 10 mL iR+, W EEERIEH
BEZIZ, $5, BBk 100 pg/mL ARifEfE &
B, 4 CCHe UL IRAT .

I 3-R 2B 3-PI R B HBARAE-DS ARvERE AT RS
FRRBOR RS E M IRIE-DS 2.43 mg, BT 10 mL 2 &
o, R RO R R 2, RS, B LR IR A
243 pg/mL PRUERE I, 4 °CIR RN PRTE o

KA DR R R Q): MRS IbR G &
W 500 uL, BT 50 mL ZEE, HIRER LI, 25,
PC BT AR B R 1 pg/mL AYBRIEFR I, 4 CYRGEE IR AT o

RPTAR EL AR AR R o o AL (LD): HEG A8 B 1
AW T 2.5 mL, BT 50 mL A, FHFEEmEE

ZI5E, F257, WOl BT ES 50 ng/mL MAREH IR,
4 CCY3 HRECIRAT o

AL 3-K 2 3-NEEREMILAE-DS FRifE AR
W R HERE 2R 42 pL, BT 10 mL AR, FHF B
B RZIEE, $51, BRI EEE N 1 pg/mL WbRfEH
()Y, 4 °CY& U CIRTE

PR R A TAER I MER IO BHE 50 ng/mL (1)
R R EHARIEAR 2. 4. 10, 20, 40, 100, 200, 400,
800 uL, fIA 20 pL BTt 1 pg/mL 19 [FA 2 AbR T
YR, HEEEZRZE 1000 pL, Bl sbrER R E R 0.1,
02, 0.5, 1.0, 2.0, 5.0, 10.0. 20.0. 40.0 ng/mL &%
PR
1.3 HmaraE

PRI 1.000 g i FECRETH 2 0.001 g) B T 50 mL &
L OINA L mL RREE N 1 pg/mL R AR, IR
2140 mL, #AEHE 30 min, WA EFIR, AREEREEZ
B, AEEERSE 50 mL .08, 4000 r/min 5.0 5 min, b
THRAMALIE R g, B, 7.
1.4 X% H
141 &#EH

{635 ACQUIYT UPLC BEH Shield RPg (2.1 mm
x100 mm, 1.7 um), FBHAH A 2 2 mmol/L I ER%:-/K, #ish
AH B N HE, AR 35 °C, FE# K 0.2 mL/min, #EFEEN
2 ul, BRI 451 0~0.5 min, 90% A; 0.5~1.0 min,
90%~10% A; 1.0~1.5 min, 10% A; 1.5~3.0 min, 10%~90% A;
3.0~6.0 min, 90% A,
142 Fi#i#t

B . FLIBESE B - (Electrospray ionization, EST),
EEFHE, R 2 kN X (multi-reaction
monitoring, MRM)#EAT I, 525 H & 4500 V, BFIH
TEE N 500 °C, Z&KRIIEH 550 °C, KA S E S FRHES
JEJ153 B E K 35 psi F 9 psi, N EHBARAE KX
R0 R NARI IS SEOL SR 1, EVEA X 8 T3
W e R e 22 L3 2.
1.5 ME iFh

S PEHAS [ 5 S5 AR AR S T AR AR H B 8OR A 5
M), 3 J30) TS S A ] J5 ek e J32 0 T g 5 ot D s o A V5 Y
S T bR TRV TR, F 37 32 S5 DG 0 s i P 4288 AR5 7 o o
Mk, I HE W ERRIE ME, ME #5824 FR.

®1 FARFEHPIERTHEMLZEARHRIESH

Table 1 Mass spectrometry parameters for N-phenylpropoxyphenyl carbodenafil and its isotope internal standard

Hix¥ WEE F(miz)  PYIEFmiz)  WifEgER eV EFEBE/V ATTHE/V il 4 3th M 1T R R/
AT B IREE 515.3 353.2/311.1* 31/44 200 10
KN R B IRE-DS 519.3 353.5/311.1* 22/47 190 10 6

O ERET
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Table 2 Maximum permitted deviations for relative ion
abundances during qualitative confirmation

PRV W P S T T AR X B

FE i R ARV R R IR 22 /%

FHE%
>50 +20
>20~50 +25
>10~20 £30
<10 £50

ME/v_ 5 ~ i
il
s s R VERC AR RNZR AR, ko bR R
LIRRR. MME[<20%H, ME AT 4ME|=20%HH, FH]
A EN S A SR (ME>O0) B EE B 40 (ME<0) .
1.6 HIEALIE
K Analyst 1.7 (AB SCIEX6500+Qtrap) (i i Ak
PR X it o BT EUARIEA T S R i AT

2 HER5SH

2.1 SREIpEMRKE
S 6 AN IE, 42510 A 1A A 0.1%

X 100% (D

HER-/K, WBHH B W), 450 203t Ay 0.5%H iz
K, WM B R IE); & 303 A R 2 mmol/L R
Bk, WA B R ONE); SMF AAIAH A R 0.1%H k-
K, WEhHl B HHEE), &0 SR A R 0.5%H BR-/K,
T B N FEE); &0F 6(FEhH A 4 2 mmol/L R %-
K, VAR B N ) Gl R 6 Bl A E R RS
HBAE 2 1 B T XA MRM 835 [ e B, 255 WA 1
AR L 2 mmol/L HRRE& K- AR M, &
ACQUITY UPLC BEH Shield RP g (A4 xR L+ 1
MBS A T3 185 o o P AR S 7 8N [R) 7 Bl AR AL B Ao
B S B Rl R E 19 WG 90% A FH T (a4l Jffif
e PEAE RIS R LSt BEJS 7E 0.5~1.0 min i
FEARE 10% A, AR & s AHVE B RE 01, (2R ARR
B b 90 S 7 35 L B A AL B AR AT KA A 1 B R R
VT, [ st 44 e A AT ESF IR, 20 i /K P 356 o 201 4 7 £ 3%
R AER R SER R P LR T ASEAR SR B AR
TRERMHE] | VTR | mR R R R TRE OL, A5 R, A
HE YT, NS EHOAR AR BT YRR E,
25 S TAE B AR R B8 B e A A A 3 BH S T4, 2 11 36T
i MRM i S man K 2 s, RAA BErY- 535
AP R IRH, RIZR RS R Y

A B 120000 - C 600000 -
4.01
4.00 4.01
300000 - 100000 500000 -
250000 |
L, 80000} ., 400000 -
2 200000 & &
2 & 60000 & 300000 -
&= 150000 | = =
=2 £ 40000} = 200000}
£ 100000}
50000 | 20000 - 100000 -
O L Il 1 L ) 0 1 1 1 ) O 1 1 1 1 J
0 1 2 3 4 5 6 0 1 3 4 5 6 0 1 2 3 4 5 6
£ B 5[] /min £ B 5] ] /min £ B 5} [ /min
250000
D 300000 ils E 160000 | i F 401
’ 140000 -
250000 200000 |
120000 -
& 200000 & 100000} £ 150000
iﬂ;fl 150000 - JE;II 80000 - ig
= = = 100000 -
100000 - 60000
50000 40000 50000 -
I h 20000 - l
0 L 1 L 1 L J 0 1 1 1 1 J 0 L 1 L L )
0 1 2 3 4 5 6 0 1 3 4 5 6 0 1 2 3 4 5 6

4 B4 Fis} 6] /min

A5 B4 15t 8] /min

{4 B4 15} 6] /min

1 A~F 255 B 4 1~6,
1 6 PR F A E B F ik

Fig.l Quantitative ion chromatograms under 6 kinds of mobile phase conditions
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Fig.2 Chromatogram of blank matrix

22 BEEMRK

TR YIS | SRR R K RS N AR 43 i O S
R EREAIE W G AOCE BT BARYI A 305 B,
WREEETH BT I RS SR8 Et, AFLLET 5
TSI 7 B RCR, 200 (354 1 XSelect HSS T5 (2.1 mm
x100 mm, 2.5 um). %4 2 ACQUITY UPLC BEH C¢
(2.1 mmx100 mm, 1.7 pm) . f3%+E 3 ACQUIYT UPLC BEH
Shield RP;g (2.1 mmx100 mm, 1.7 pm). ik 4 Agilent
poroshell SB-Cig (4.6 mmx150 mm, 2.7 pm). GiEFE 5
ACQUIYT™ PREMIER BEH Cj5 (2.1 mm x100 mm, 1.7 pm),
o, a5 FE 4 KA AL B bR, fEXF AR 8 ) JE]
T AR B E R g g, ] e A
PESFE R RAAMEAR A G, % 1, 2. 5 BTk
Hird, (RIg R4, RERINOEERIGEHE . R
HeE2E, AR R 1% 5 ik R UE . BEH Shield RP18
38 e i AR 35 1A S5 e 3 A 43 BT 0 B A A
HAEF, B SOGE TWETE, (R ERFEAR EA  OR AL 4R
= TAZENAR E AR N, RSB R
BERARE bR, FiEFE it 3 ACQUIYT UPLC
BEH Shield RPg (2.1 mm*100 mm, 1.7 pm),

23 FIERMHMHK

Shy S B AN AR AR B AR Al B LRI R N BRI
R PER I, ABF 5 X = B PURAT %S BT T &
Gttt RGN R X, 7 IEE FHRBEAT
PEAT — S oy M, B LR E M ME S T el
[IM+H]" . #F— 2% L R ATk ), a2 — i
R EE R E R, JFE — ALl 1 AR i,
b QU =N o aE  WAN (ORI D O S S OR (STl i
I W o X IR 2 bR, R A AR D U Ak
HFE S5, DRIES BArY i — B0tk . ik )5
X, R, MEREEESHOERE 1.
24 HESEACEBEHAMK
2.4.1 FRREF 69

PEEOE R X B AR & W R BOSCRE B mE
W, A BT A B, 80%H BEKIE WA 0.1%H iR

-80% H /K S TR 3 B IO 79 36 28 R AR 2L Rl 2
BUSCR M50 . SEI 451 R BRI 1.0 g 25 (AR fl b
FE&, RS B AR 0.02 mg/kg K F A, fnA
J R R 1 pg/mL [ 3 AR 1 mL, A 40 mL
REER, FIRBAER 30 min, AHFEARE 50 mL,
HApRBAE—3, R FERBOE R T M kg,

KA HEE . 80% H BE KR S 0.1% 1 R -80% H
KV W AR BT, E AR 472 IR 433 o 117.00%
112.75%F1 110.16%, 3 Fi4EBOAFI I RE RIS R 1Y
Il e, (H 2l R 1Y e IO SR e o LR AT BB R R
oA B AR AR B — & Bk Pk, ol BB RE 08 A Rt
Vs B AR A, R0 B S T R R A R Y 3 4R
B mn A K, WA R, BARYITEA WA Y
Sy BCRE S A TR . A B R JE 9 R HE— 25 4R R R R
R, UL R A XHZ AL & W i SR IR EAE A R . B,
i 28 36 R i R A A i BBV R
2,42 FEIAEE] A9 4RA4L

o0 7 B IO ) O 4l B B LR b, AR
AR A R IR 1] %o 5 OSSR S i . A i AR BRI (]
J3 15, 30 F1 45 min, HALERAAF—2, HER
[F] $5 R (8] R H FR 0 11l

PLEUNE A 3 90 15, 30 F0 45 min B, HAs#E
R4 500 111.66% ., 114.50%F1 105.60%., Fifi % 8
A A 15 min FEK ZE 30 min, H A5 40 [0 0 2 s A 352
o, 2 IS 2 AE K 7S Rl R T B bR T8 o BT
HEASREE T L 28 7 B ) E— 2P K & 45 min B, [
WK R A BT B, AT RE R B 1 i R A T R 4
BT K, NG T ME, 2 H AR r
SE o B, ZEAIRBUSCR A HraeR, i 2% $% 30 min
A Sy B A R P IR i
243 FRBURJEMHHEAL

TE LR S 3 ml b, i — 25 LA = IR R 40 °C
AR AR U H BRI R A R, A S A% 1 R
—%,

FER A 40 °CH& T H bR T 35 Il fi 245 51
109.83%F1 67.50%, 5 = i AH kb, 40 °CHR AT [ i 2 B
AR A MIAH, B TR RE T RE AR R AR R 2 B R TR
W, MESR LR T4, IR AT BE 5 B0 bR TR 3R B
TR R A — o AR I A A SO BB L DT o A1 T g
F, Hb, At ERENESRIURE.

244 FAETAEEM

CEAIRIBUAT . PEE R R BUR AL 4 R, ek
Wi AR S RTALBRAE A BRI 1.0 g iRFE, A1 pg/mL 8] £z
ENFREW 1 mL, AR L 40 mL, =8 R
30 min, BEHGFHFBSEAZE S0 mL, SHEERE 50 mL & 0%
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o1, LA 4000 r/min 5.0 5 min, b I5 R 2 0FL U I S U
T 22 B W A LC-MS/MS 3 #7 .
25 FHEFFEN
251 A&WEE. BERREER

Bl RV HE W, R NPRE AT E &, LIER
A WG AU ARAR(Y), LB ARAbA 1 vk o
AFR(Y, ng/mL), ZefilbruEtiZ. 1558 B inib &9 a5
& Y=0.212X+0.0476 FHIKE R EL(r) M 0.995, HIRL&WHE
0.1 ng/mL~40.0 ng/mL Ji [l NP R BITF, M2 I
RSN B AR, (FWR LG40 3 R 10 B A A e
1ZJ7¥5 1 LOD #i1 LOQ, 7%%] LOD 4 0.005 mg/kg, LOQ 4
0.01 mg/kg,
252 ME

AT LI (P EOPRE - R RO S ], 4033t
FAMRIEFN IDMS AL ME. 4518 S FIAR
YA 2 4 37 R R IR DG R v 2R (R0 22 107 S5 R S AR R A
TAb PSR, SR SMRIE I NARIE AT E /AT, IE TS
H FIARAE R Ze b

SR 3 PR, HEAMRIESET, AR RN
R4 B ARIE AR AFFE I B 69 ME T3k, Heararky
(65.11%)F R F iR (38.07%) 2 Bk B Sk 1) 5 o 1 53 3850 17,
A (—36.14%) R IR B8 i LB 6 2003 . R IDMS #%
WEJR, B8, ATa . R RS ME 25l E
8.49%. 3.77%. 3.77%, FIEZCRIE, IDMS BB 3K
EEZRFEFUP R ME, e[l £ 0 2585 rp 4 R 2 8 147
B I HERRPEEEKR

#z 3 IMREFIAFRE MEs

Table 3 MEs of external standard method and internal standard

method
k wmlk s MEs/%
Fe

PINR AR PINR 7N

o 0.6385 1.0849 -36.14 8.49

EEy) 1.6510 1.0377 65.11 3.77
fif -2 0.9057 0.8632 -9.42 -13.67

F Ay 0.8273 1.0212 17.26 2.12

PR Ag 0.9154 1.0197 -8.45 1.97

RERMIME 09886 1.0235 -1.13 2.36

ESaR 2 S 1.3807 1.0377 38.07 3.77

2.53  NAREAIMRF DK R LR
JPH IDMS X} ME BRCIERE S, A5EFE 0.02 mg/kg
AR, 20 3R AR AT IDMS XA 6] 3 3 Hh 2R 7

AR E AR AR A mIA R AT HL B, 25 5RA0ER 4 PR, FEH
B H R, AMREE S IDMS [R50 106.58% 1
101.75%, WA 5 R H0, 276 T0 3 4 1% B0 T 75
Fifr it A AT IRAS MR 45 S . AEAT RS R P, AR
BHCRA R 71.62%, B WY 5 (4 35 5 ikl s, R
IDMS J& BRI TF 2 93.50%., 7EFT ARy . Dk . AEE
OEE . R AR I T R, R IDMS J5 [ENCR B B
RS RY], IDMS REUS A BORME R Z LT P ) ME, B
I P R, JCHGE T EE . AT AR E S 2
ZWH R T 52 2% B b SR TR 2R AR R EL AR AU

F 4 ARREMIMRERER
Table 4 Recoveries rates of internal standard method and
external standard method

L TFRAKSE SR AR PIAR I B R
/(mg/kg) /% /%

L 0.02 106.58 101.75
fif i 2% 0.02 71.62 93.50
CICIEY} 0.02 57.65 96.92
21 0.02 48.00 105.83
PR Ay 0.02 52.50 110.50
iz =gl 0.02 53.00 106.33
FE R RER 0.02 52.00 87.16

2.5.4 A5 E B A AR E MR

ARFFAEAS (AT ER N 3 S E K (0.01, 0.02,
0.10 mg/kg) R AR AR AEAREIR I, $& IR 1Y Ty
A TR FRANN A, RAREATIE 6 K, TR
SR (] 05 2 F01 FH X6 A U i 22 (relative standard deviation,
RSD), Z5HUN3 5 Wi, 76 A, 3 A IARKF AY-F
P43 3k 111.25% . 101.75%7F1 78.50%, RSDs 434
H71%. 13.1%F0 9.4%. FEfr G, bR El e sy
WM 101.25% ., 93.50%7F1 104.83%, RSDs 23 %1H 12.1%.,
4.9%F 5.7% . TE R ALKy T A, ks BSR4 51
110.25% . 96.92%7 107.60%, RSDs 43514 5.7%. 11.0%
1 3.1%. Horp, HIESAFRITE 0.10 mg/kg MFRACE T B2 [0
WeEh 78.50%, BEALTFIRI AT 80%~120%M % FHS%1E
e AHTACH, ZIbRKT- BRIk R, A sEI., o
U LR SR AR TTAL P AR R T RE R A A R R G, AT
SO ELE R AW, Rk, H RSD o 9.4%, 4
GB 5009.295—2023 { & ZEEFIRME T IELIE
T ) FTEMAEE R I ESR BARY IR 535 (p) 2 10 pg/kg<p
<100 pg/kg i, RSD<15%; 100 pg/kg<p<10 g/kg A}, RSD
<10%], B3 3 MI0FRAKCE S RSD ¥fF G FiREEK,
ULBA BT ST v BT R I L VR AR %, BB
gt R TP PR S AR S B R B 2 e T R
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x5 HBEEFMAREEEN=6)

Table 5 Precision and spiked recoveries (n=6)

- SR B DS {E7KF(0.01 mg/kg) rF7KF-(0.02 mg/kg) =5 7KF-(0.10 mg/kg)
)l Y Ve pE B8 2
I /(mg/kg) T i 2% RSDs/% & RSDs Bl & RSDs
/% /% /% 1%
i 1.0 111.25 7.1 101.75 13.1 78.50 9.4
faf -5 1.0 101.25 12.1 93.50 4.9 104.83 5.7
HEiE 1.0 110.25 5.7 96.92 11 107.60 3.1

ST BT EE ST 7 0 H DR 85 B, S TRCED MR A
e AR PERE R, 7E 0.01, 0.02 1 0.10 mg/kg 3 Mndrsk
SR HSE 3 d TN, BRATATINGE 6 Kk, LR 18
WIELE R, Z5RAE 6 iR, S5HEM, 18 3 Mnkrk
SR, AR R 83.99%~102.92%, RSDs Ay
7.98%~11.02%, Ui B % 7 s B AT BT 1Y H TR0k 2% 1 Fn A
FE T, RE AU O A T 2R AR R B IR A A A A
BIEK . AR5 GB 5009.295—2023 T2 A% 5 B PEAN 2K,
ARG IR K- 1 H AR 4 5 ko3 B0 Bl P i 2 0
HE R o v O 22 BRAE R 15%, ASWFSE A% H ] RSDs A
7.98%~11.02%, ¥HFFAREZR, UEBIZ Tk BAT AT
H [ADRG % 3 AR e 1k o

#o6 BHEFEEIBER(M=6, EL34d)
Table 6 Results of the daytime precision experiment (n=6, 3 d)

FRE  RAFE
S MRAE-DS WMk IR i/%g RSDs
J¥/(mg/kg) ¥ BF /(mg/kg) °

1.0 0.01 95.06 11.02
e
WA 1.0 0.02 83.99 7.98
%
1.0 0.10 102.92 10.80

2.5.5 HELGEHAFRT TN

S PEA i N 0 S R R E M, B BR
KR 0.1 mg/kg ORI AL BRAE 5L SRR, 76 HH R AR 4%
PSR 30 41, DS ES R, IR
YO E W T RSD, S5 RNk 7 iR,

®7 ESHHEREMIRER0O=30)
Table 7 Results of the continuous injection stability experiment

(n=30)
=] 4R
SRR 30
PR B /(mg/kg) 0.10
S0 E e B /(mg/kg) 0.11
BT R /% 110.20
RSD/% 4.50

5K, SR 30 £l AR, BARYm R E,
SIS R 0.11 mg/kg, FHEIENCRA 110.20%,
RSD 2 4.50%, % S A il A2 v 2R U0 2 3 WY 5 iy o i T~
M. B RE SRR TR SIS, RHZFEAAR
IRy SRR E M . TR EE A R R AP R,
IR LE SR — 25 U0 B T A R O 7 B iR AN S WS A DU
PERE A= W] s, )i R O AE R AR E AR
FA) 3% St R A K
2.5.6 LB ERiE g ke

ARG R B W77k S C B W kAT T
B, k8 FiR, AT LR IDHPLC-MS/MS K431
LOD 37 {5 T foff FH A AG: I 75725 31459 LOD . A1 X A AR
REHARAE, —Fha WA ARSI, & g s AR
et b LGB SRS RIS Y R ROCR, A0 )™ B R e
— AR IESEE T E KA LOD, LOD J& & 43 A1 7 1k X
IR SR ) JO I 1 8 T Y DG SRR AR, U A AR S I g 1 o
R EAIEERE L LOD MK, 7k aeAa 0N Hak
v B2 i B AR, Mk e B I PESE 2R, iR B a2
WA PR ST RE M, MHELZ R, B HRE R [R5
rPERAS I LOD il 5, MELAH X 2 2 B R R AL
REHARAE AR EESR . I, ARG IS T
LRI T AP TR AR E AR T B

T E AR IR, AN[E] SCHRHGE 9 LOD A2 A6 J 21 |
TE RN . AR ALTTAL B AR SANERT 5 S R R 2 R
fitn, A5 R H IDHPLC-MS/MS MRM U174 i,
1 #8453 SRR I A 1k 45 6 8 43 39 o 15 12 v 250 A 2
TSR ARG #5925 (high performance liquid chromatography-
ultraviolet detection, HPLC-UV)Kl, AS[w) 7 e 78 43 i
K. BT T AR MR GUE I B e 25 57 IAh, AR
SCHR R T A RE SR Ab BRI AR IR AN S8 2 — B, BBy Ik G
G EAHAE B A R TR, R, 3% 8 TP R J B
FH T S WA TR R I 3k 9 % R B0AR B A B kg, (LS
%, NERBRYE LOD Ul BTN kit s .

2.6 SEPRHEmIEN
7 T ST 4 TR A7 25 0 B v 2SR €33 - R B B TS,
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# 8 IDHPLC-MS/MS 5E21Ri&E EMLLE
Table 8 Comparison of the IDHPLC-MS/MS with reported methods
JENE- Y5 ViR IWIR7S LML LODs/(mg/kg) E =D N
e/ AR/ AR R UPLC-Q-Orbitrap HRMS 4~300 pg/L 0.1 [3]
FE A Aok HPLC-UV 0.5~100.0 pg/mL 2 [8]
WAIE /R s 28 g UPLC-Q-Orbitrap HRMS 1.0~50.0 pg/L 0.0125~0.0625 [23]
R BRSO A /R AEG 45 ID-HPLC-MS/MS 0.1~40.0 ng/mL 0.005 AMHFE
X SRR 28 HEYK B OR (£ A il (ToR 75 O (2T L B0l -
3 % 1

EHARTRRE . R WS DL AR T A2 o 25N 9 fiF
R, 28 HEUFE S B ARG AR AR AR . AT R
FIARENCS | RS2 . PEVEE . LOD M LOQ S#48#x,
XiF BTN TR T T RGN T VAN . 2 AT £
AR B b o 2 T (P o R ) B BB T SR IE (R
(R BRI, oA T i 5 s v 400 J5 S8R 0 560 TIE 174 o 0 12
WEo ASKAEZAF ARVFIEIL T, Wit — 245 G AR o (b
HERE 3R BE ) SR (R R )W T R HERR M A TR, A iE—
o IAIE 7 P RE SR 0 5 43 i Ak

ER B EHERE T 2025 4F 6 AHARAESE,
LAY AN A B ST BRI I AR & I R 4 5k, F R
AT AH N P AN FERG B0 7, PR W R T BT AR B 5
FAR L AT A AR PR A, FE— e R B
e R R DG WA O S R 0 vk i S, E R A TR
AR ==L

AR E AR EVE Ay R 2 2 VR TEAS A A R a8
Wy, LA AR it 5% 5 A £ B XU o AN A, HL S TS PR TR
FYI T RES | AT AR, 4% 8 T 5% A48 B
TETEEU, NIFREmsR LI, %Ry RUMERE ., £
SR A1, By v R g A 7 XU

*9 HRKENER
Table 9 Results of sample test

o R L R
FES 4B miﬁg FE 415 ($ﬁ§
WG 1 Rk I PR 6 et
I TR 7 R
3 1 ekt TR 8 EaT
L 2 ekt TR O FaT
L 3 Rl | EARER 10 Rk
3 4 e | EAME L kR
R L KRl | AR 12
R Rk | AR R
ERMMES Rk R 1 ke
FARER L Rk VA 2 ot
AR 2 kR VA 3 ekt
AR Kk i 4 ekt
AR R S et
A VA 6 ot

A SN T HE T [ 2R 5 % v A 0 33 - R B T
T I A PR AR AR AR B 0 vk . il FIA
FI AR, SO IE T BARGR . R R SE 28 5
FEh 2l MR AR EAR ES EaieR
WP, ke R, 207 R . I RO 2
PSR N SCR s IR AR A Ik 2K

EAN bR AT, RIS B b MEs §E LR
~36.14%~65.11%, AR al AR R BR300 A &
X IDMS J&, MEs #{81E E£15%LL P, TR B B &
T A bR o M T 1R 43 T 1 AR (00 5 7 2 5 2 )
FE), AJ7iE SRR S ER R AT SR, AT I ST
PERAFIENEE A, UGS TR T B e &
BRI B A RIAT S .

ARSI 28 AT EAE S B ARAKS H AR TR B AR
A, PR 0 1 JE ) LS PR 0 — 2 PPN R AR S b
RIS IRE S R BRI R BE . R SR TR IR I S BH AR
SRR S IRIERR SIS, X IR R SE PR Y T AR R — A
WE. AR LRI RAF I ERE, (B A AE— 2 )R
BEPE . (1) AT RE AT ALAE St BT AL PRI RS, AR5 R FH
PRI G bR e HEE BT, REER TGRSR,
BB SR 2 B TR 45 TR B 52 2% 3 5 o 1 7 A M R BB A Tl
JEREINEESR, B KHE R R A AG IR, LI T AR
43T BERG NG 3 e B T 8 VR T e XU, R A T AR A
R i O R AR BT R AN A 4, b LN AT 45 4 [ A A
I . QUEChERS ¥+ {b58 43 i 11 AH 28 TRE— A5 B AIK JE o 67 A o
() T5 2R S TR (o B VR A 5 A 408 J A AT ] L 48 e
or 03 A, A A 34 2 AT AR BS €8 535 A 0% 4 9 A
PR S B o P AT e S5 AT Al . e ey Bkt 4 SR m
LEA P RO A A o (3)AHIESY AR — A3 T K
AR . REROEE | R AN I A AR R R
PRI R, EATS TC o8 4B 16 T A PR A T, RORA
T e 225 2R B — A B0 UE 5 3 A 5 3E o (AR SE
e e R = bR, FLE B & R HARBUR B 1 R,
FE— R R T BRI 7 7 5 RGN 52 35 2 (9 KA

J5 S 5K T A TR B A 38 PN AR 6 5 A 5 s
H R IR LA R S HT A BRHR (AN R A SFORL | [ R 25 B
ZAHEAE . QUEChERS J 3 it 25 LA B B0 T4 B4 S kR
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