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Evaluation of uncertainty in determination of enrofloxacin and

ciprofloxacin residues in bean sprouts by ultra performance liquid

chromatography-tandem mass spectrometry
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Abstract: A method for the determination of trace-enrofloxacin
and ciprofloxacin in bean sprouts by using ultra- performance lig-
uid chromatography-tandem mass spectrometry was established.
The mathematical model was established and used to evaluate the
uncertainty components of this method. The sample was
extracted with 0.1% acid acetonitrile directly, and purified by
prime HLB (SPE), then analyzed by UPLC-MS/MS. The results
showed that the main sources of uncertainty arose from the
standard curve fitting and standard solution. The expanded uncer-
tainty was 1.5 and 2.3 pg/kg for enrofloxacin and ciprofloxacin
contents of 8.6 and 11.0 pg/kg in bean sprouts (k=2), respec-
tively.
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Ve B A T B (1990—) , %, Wi V175 [ A% ) 4 P I 103 A PR A
TR B4, E-mail: 346150774 @ qq.com
Y75 B #9:2020-04-23

SHEMMER ERLE.RZALEE. HEHET
LA T BE AT 0 IR BT R A R R ZEDY L I T I A B
H o T AR B M, R, N RFER T8
SR A P M G AN R, ST A K
AR ARR R IBUAE R RS A
HEMY A8 T2 R B AR5 . g R
WY RMANY B 270, HFEH N T B kRS
KL NE SR A ORGP AR B R 1 B R R
PP B 2o X A ™ A — 5 1 i 3 A 0 0 T X A {3
BAS AL 0 5 1 1

Bk BRIV 8 T A0 2 5 500 e 1 i 28 51 14
25 s HLA OGS B A T 1 O 5 22 TG B M T A AR 5 0 R R
PEARD Y, BREAA R RN ERE NG
ZF, 2 RO AR b 28 R G B A 2 RE PR .
AR R TN LT g 50 W L TG ) g T A E A A
FLEE B — 5 1 A4 P FsUR v

TP W0 2t 35 2R %) S 0 T LA ARG T 55 SR o o oA
B TR) Bt 3 3k AS A A B A T AR T LK A 2 R T
. ML AHEENENELRERERRNE
BEALBES AT, HORG B  SCERT T i B g 2
g BE T B AR Y Y B R AR P R R ) E T3
R U BRI TN VD B AR B A U Y 1R R A U B AT bR
. IR BRI ZIE$R I, ) prime HLB #:#4k , &
R 448 I A P 3k o IO R VA 8 % — R T T 0 B R X
FEh EIEY R MRV B R AR R AT I E . KA JJF
1059.1—201 2 & 7N iff i B 3T 5 5 227 ) #1 JJF 1135—
2005¢ P27 43 A 00 o AR WAl B VS ) IR L EE R RS Y A
FIRTT VD B 5% BE R I 1) AS 0 0 B L A B O EAE R
TEAl 3 LR A
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1 MRS 7%
L1 R 5NE

SR RNk

BaEw B AW A 8 E Dr.Ehrenstorfer 24 /] ;

BAgET B-Ds AW B-Ds - b5 Bepure 247

N VBB Al fEE Meker 24 F]

H R . @ 3% 4li, 5 E ROE Scientific 2 #] ;

8 1 A B RS — AR I BT 3 4 : Agilent 1290-AB
Sciex 5500 %Y, 3 [E AB Sciex 2\ Hl .
1.2 Ak
1.2.1 FEMATALEE BRI 5.0 ¢ H2ETF 50 mL @ &L
B HER A AR TAEW . WIER 55 . A 10 g &
L& B BEIR S B 8 mL Z .20 pL WR , i iEIR &
I min, #R 10 min, 5 L 7R &0 )5 TR R
prime HLB /N, I B 8 WO . AEah i w5,
2 mL ZJEWRBE /AT BB LR AE 40 C A& NIk
T.1.0 mL W AR W S A E 25 . i R B AL
1.2.2 WA 3% & 3% K . Aglient RRHD SB-Cyg
(2.1 mm X100 mm, 1.8 pm); & 35 Cs; Al A: &
Ji s W sh A B:0.1% B ER /K s i 0.2 mL/min; 3k F£
5 oL YRAH €5 1% 46 B VE AR ¥ . 0~1 min, 90% B; 1.0~
3.0 min,90% ~10% B; 3.0~ 3.5 min, 10% B; 3.5~
5.0 min,10% ~90% B;5.0~6.0 min,90% B,
1.2.3  FEiE&M BBIE(ESDE . L8 FEH
A . 22 S WA I (MRMD 5 188 25 HL FE 5.0 kV; B 77 <
MEE 550 C s Ay 241 kPa; 56U J) 345 kPa,
HibSH % 1,

x1 BESENTADENETERILSH
Table 1

Main mass spectrometric parameters for

enrofloxacin and ciprofloxacin

Aty BEF FET  AEAE ilf 43 g
316.3" 113 26
Bk 2 360.3
245.2 113 39
Bk RE-Ds  365.2 245.2 113 39
314.2% 150 26
HN A 332.0
231.0 150 33
HHNYE-Ds  340.2 322.2 150 32
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1.2.4 s

X — n(l;;;/ X fa s 8

A

X—F i BE Y RNV B & &, pe/kes

C—FE 5 b B v B gl o9 vb B0 a2 R g/ L

\% P& WO Y 7 B AR T mL;

m— A, g

SR 4 5 B 6

S o VRO 8 i 5 06 B A% A R e PR
2 HRG B
2.1 HRHAHEERE

R 4 6 A 0 A5 R A ST A R A R L R AT A
o — E I T 0L I R 5 R U R R IR T VD AL AR B
NS B A LU LA 7 O I A BE LAk
PEIAW AR ESE wa (XD ;@ FREERTIA MR E E
w (m) 5@ FEFERTIAMAIE E wa (V) ;@ Rl
LW E I A EE ww Ccurve) s & i HE A W EC ] B9 A 1
FEJE wa (e) 3 © (0] 28 00 48 2o 7 B AL 35K 0 B AS A o B
e (f s @ AR AT EE ua(fo).
2.2 THEEMERE
2.2.1 WA B B AL AN T AN E B wea (XD
FEAE ity 1) B ok R 0 38 A0 M LR i B OV TN A A TR R B
ML B RVPHREE BRSNS AFEHEK
5 AS R E BE .

SEATINGE 6 Oy RE S (G =6) , FH R FH €035 A8 56 5 3
ELERIER 2, HNIERAKIRX (2 ~ @ IHE, 54
A5 B ) B Y AR 22 A Y AS T 8 38 A o o S T 7

i} (X, — X)?

i=1

S(X) = — , (2

wx) — X 3
n

o (X — L )
X

2.2.2 FEMFRESIABNAHEE walm)  FlHABHHE
0.01 g ) FHIR L H 5.00 . TR i 5 521 56
RBVFR2E N £0.05 g 5] 53 i s Gm) =0.05/4/3 =
0.028 87 g,u,a(m)=0.028 87/5=0.005 774,

F2 WAIBEVNHESIANNFIHBEE v (X)HHEER

Table 2 Repeatability relative standard uncertainty u., (X ) calculation results

. WEM/ (pg s kgD P fE/
GRUEY] s(X) e (X)
2 3 4 6 (pg» kg™ b
Bk R 8.668 8.807 8.490 8.479 8.533 8.612 8.598 0.125 6 0.005 962
FHPE 10313 11.394  11.598  10.895  10.665  10.913 10.963 0.470 6 0.017 530
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2.2.3 MERERTIARIEE wa (V) K ERB
1 mL A] P8BS WA, AR 4 P IR B WA ) RS HEGIE 45 . 1 mL &
T AT PR R AR S 1Y R 25 O +0.010 mL, i 2 3 5) 4%
ik =3 AN EE «(V)=0.010//3 =0.005 774 mL,
A X AT HE A B w,a (V) =0.005 774/1=0.005 774,
2.2.4 FRUERRLKBLA S A EE wa (curve)  FL il
5 AT [6) J5i 22t R B2 100 s A 370 YA 22 ) A oA il 2 D R B A
PABR IR W 23 S0 J 5 3 U, AR VR R B X, (pg/ L)
SRR AE AR 5 LR T VT AN R 06 TR BRU(E (A s ) 5 P9 A 04 THT
FRUH CA s ) 10 LEAE R A R o T e/ Z SR v 8045 46 1k ol
AT FE LA S R A G R B RP LR 3,

530 A I GE AR G IR 6 IR (p=16), IF Bl 17
TSI a0 AR AR &

1 1 (xg— )
i

TN x ao
i—1

5

u(curve) = —

b p

U (curve) =u(curve)/ xo (6)

A
S o4 i £ 10 o o A 22 5

xq R SR Y g/ L

b FEE

a HIE 5

x o A VR 11 T B4 e/ s

n AR o VA TR ) 3 6 A VA S R A o o R

B 3 X5 A AT TR 0 42D on =15,
HEE e X

®3 Big
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2.2.5 FRUEBEWRH S BIIAWIAHEE valco) il
BB H AR AN E FEAFHERE Y E AW
T B bR U Sl 0 SR PR o PR e R A B VA VR R
2 PR U R SR B

(D UG FRAED TS| A0 B B U B ai
] 99.9% HFRMEATEE N 1.25% A GH T k=21
AEXE AR A B E B w (Py) = 1.25%/2 = 0.006 25,
u (P1)=0.006 25/0.999=0.006 256, ¥ 575 Y4l
992,31 % R UERTEE TR 0.66 %0 B &R T k=241
SR UEATR EBE w(Py)=0.66%/2=0.003 3,u,,(P,)=
0.003 3/0.923 1=0.003 575,

BEYD B AR B 4EBE N 95.3% AR E S B E N
1% A& HET k=2 M3 bR AR T EE «(Ps)=1%/
2=0.005,u,,(P3)=0.005/0.953=0.005 247, H N E
PO bR I 40 S (94.8 +1.0) Y0 AR R B 58 BE R 120, B
EHF k=2 MM ARMEARTESE « (P =12%/2=0.005,
U (P,)=0.005/0.948=0.005 274,

it b B ARV ) 5 0 R N B ) 5 A A A X R
T A

U (Py) = Vg (P1)? + uw (P5)? =0.008 165,

B PR U R AR ) S5 40 B R 9 AR ) B 4 BE S AR X R
W BN

U (Py) = Vg (P)? +uw (PP =0.006 371,

(2) FREFRME S SIS 2 B« H T K RS 1 A

DEMTRDERBELEOPARERBXER

Table 3 Regression equations of enrofloxacin and ciprofloxacin

X/ At /A
(SRR KT AR FREL R?
(pg+ L7H 1 2 3
10 0.377 0.370 0.379
20 0.614 0.599 0.610
Bt 2 50 1.228 1.231 1.239 A=0.024 35X+0.112 05 0.999 7
150 3.917 3.935 3.935
200 4.888 4.861 4.853
10 0.100 0.103 0.099
20 0.201 0.212 0.202
W E 50 0.497 0.511 0.502  A=0.007 47X +40.023 70 0.999 6
150 1.172 1.169 1.181
200 1.494 1.496 1.502
R4 walcurve) ITHER
Table 4  u,q(curve) caculation results
Y xo/(pg LDz /(pge LD S b a u o (curve)
Bagih B 42.990 86.0 0.107 9 0.024 35 0.998 70 0.056 29
BN R 54.815 86.0 0.056 2 0.007 47 0.023 70 0.070 98
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B B HEYI BT 10 me, 7 R RGEIE B R IZ K
BR AR IR R +0.05 mg, K54 A, W& A
EPE ulcy)=0.05/1/3=0.028 87 mg, # %] 7 EA & JiF
e Ccpy ) = 0,028 87/10 =0.002 887, FRHL A N ¥ B
10.84 mg, Wl &k R # & B u (o) = 0. 0543 =
0.028 87 mg, AH XS F5 HE A ) & BE wra (o) = 0.028 87/
10.84=0.002 663,

WARYI B4 10 me, — R PR # . A FEAE B T FR
T 7= A A 10

(3) BR % £ W2 255 A A 22 B« b v i 45 YA
ZEBIA B A2 BE R U543 3 O 8 A5 WO AR R K 51 A
AHGE M 10 mL HEEMSIA AT E .

MR 2 2 OB E ALAE TJG 196—2006 ¢ & JH Bt ¥ &
H) A BN VPR 28 £0.020 mL, IR = 1 5
i BB 5 A MR8 & E R u (o) = 0.020//6 =
0.008 165 mL,u.(cy)=0.008 165/10=0.000 816 5,

HRAE JJG 196—2006¢ M B 55 & H )M E . 10 mL %
R & TE 20 C BB A& #AT RY L I B AE (20 £
5) C HEE&M T B, WM R KRN 11X
107°°C ', AV=10x1.1X10"* X 5=0.055 mL, iR A5
B3, w (V,) = 0.055/4/3 = 0.031 8 mL, uu (V,) =
0.031 8/10=0.003 18,

Hit A wBHEDE AW R B E N
IRV N AR 1 A BAH X R 802 R wa (eme) =

20 (co)® + 2u, (V,)? = 0.004 6435 uw (o) =
0.004 643,

() FRUEE R RS AR A3 E B2 B 100 pLl #k BE
27 1.0 mg/mL 1 B BAR MR T 10 mL &,
JHH ERC ) 8L 10.0 mg/L MFRMEVE W . ] 20~200 pL
R RS WA B 100 pL AR HEVE W R iF R 2ZE N £
2.0% s BRI 51 53 A o 51 AR ASH B BE R 2w (esn) =100 X
2.0% /3 = 1.154 7 pL, uw Ccy) = 1. 154 7/100 =
0.011 55,

MR JIG 196-—2006 €5 FH 3% 35 & H 4 @ AR ).
10 mL KB AR VIR 2N £+0.020 mL, IR = 4315
BRI E BN ules,) =0.020/4/6 =0.008 165 mL,
Uy (c32)=0.008 165/10=0.000 816 5, & %% Wi 1A BN ik
SIAB A E B AW 2.2.5(3),u(V,,) =0.055/
V3=0.031 75 mL.u.q(V,,)=0.031 75/10=0.003 175,

Bk BAR UE W R B 51 AR A AR X AR e
B

U Cegs) = Vit (5% F ttrg (Vo) F g (c50)7 =
0.012 01,

[F 2L, B0 PO 2 b o T R R R B A X A
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FEEN 1w (exs) =0.012 01,

B 100 pL ¥ 1.0 mg/mL () B v B2 8 b ¥
T 100 mL Z8 =0 A, F B C  B2 1.0 mg/L A AR i 7
W I 20~200 pL BB WAG I 100 L 0 b5 HE 7
W AVFIRE N +2.0% , IR 257 50 #i L 51 B AS 1 2 2
Hules) =100 X 2.0% /43 =1.154 7 pL,uw (c) =
1.154 7/100=0.011 55,

[F) . 5 100 mL 3¢ 54 45 5 2 25 B b B2 AR 51 A
BB R BE w(es) =0.1/4/6 =0.040 82 mL,u,q (cs5) =
0.040 82/100=0.000 408 2, & % I 7R FUIE Ik A 1 <€ B
uw(Vy,)=0.55/4/3 =0.318 mL,u.y (Vy,) =0.318/100 =
0.003 18,

o R R R N = WG Rl o D I N
U CCpy) =
0.011 99,

() 2L IR T U0 B D A YA B 51 A I B A X AS
FEEN u () =0.011 99,

(5) o Ml & TE i 51 A B9 AS 1 52 B < 4 3R 10,20,
50,150,200 pL ¥ BEJy 10.0 mg/L Y B35 70 2 A5 ME W
HELESA . FA# 2~20 pL F120~200 pL 5715 4%
AR % VRO A TIE S o B A R B RS TR R R 22 4
HJ+8.0%,4+4.0%,4+3.0%,+1.5%,+1.5%, N2
S BB S AR EE B R ulen) =10X
8.0% /\/3=0.461 9 pL.u, (cr1)=0.461 9/10=0.046 19;

R

U (¢35 )? + Ul (V31)2 + tra (ﬁ'sz>2 =

u(cr)=20X4.0%/Y3=0.461 9 pL,u. (crn) =0.461 9/
20=10.023 10; u (cry) =50 X 3.0%//3 = 0.866 0 pL,
ra (c75)=0.866 0/50=0.017 32;u (cry) =150X1.5%/
V3=1.299 0 pL, u, () =1.299 0/150 = 0.008 66;
u(er)=200X1.5%/\/3=1.732 1 pL,um (c75) =1.732 1/
200=0.008 660,

FES A 1.0 mg/L Bt vh B NFRIE K 100 pL, fi
FHE] 20~200 pL 45 B 0 B AR » HE30E AC HEAIE 45, 100 pL
B SRR 2N +2.0% IR B 5 43 Al 5 TR R 1 2
FEM cu(ers) =100 X 2% /(3 =1.154 7 pl, uw (cs) =
1.154 7/100=0.011 55,

10 mL 25408 28 51 AR A B E BE W] i 2.2.5(3)
BT 55k, BB M R EE v (com) =
0.003 283,

FC 1l S v B A o 1 T LA B 5 TR S 8

e Ceps) = [t (e + g (2?4 tra (er)? +
e (7% Ftt (e73)? 4 Bt (crom)?]7 =0.056 31,

B T R B D B AR B A G SR A B
e (cr6)? + e (crom)? =0.012 01,

U (Cs) =



&M | Vol.36, No.10

PRI T 1 20 P 00 B A o D R 51 1 R X AS T E
U (csrs) =0.056 31 4E 5 PES IR T V0 B2 N AR 51 A 19 A
XA E BE w,a (cs6) =0.012 01,

o My 28 4 G 1 2o R AURE S R A I N AR B A B A
AH X AN T 2 BE A

e (cp) = [ttra Copi)? Fttra (cma)? + g Ccms)® +
Ut () 4t Cegs)? 4 un (cs)? +u (Pg)?]T =
0.060 903

U (c)=0.060 67,

BrEE BENREeERRRIEENEEFTREVE RADERBENTIHEEITE

bR 0 R TR SR e R G 2 BT G R
FE X A 5 8 AR i 7 vk B

152 B 155 00 B SR ] — A BE 8 T SR 6 0K (n =
6 + b LI e I8 H 0 SRR 4 00 2 0 B Dl o ¢ 4 5 0L
F 5. MR (DI E] 6 Uil B 45 09 4R o R 22
$OX 2 (8) T8 5 Il e 2 3 o o 53 A0 A1 5
I

s(X) = , 7
2.2.6  [m] o SR Gk A B R AL AR N 51 OA B O B -
wa(f) BT HARE A P DR ol 5 BT o R 8 58 4 i HL ua (f)=ulf)/X, (&)
K5 walf)HEER
Table 5 u.(f,) caculation results
R X/ % FHE i _
(GRALEY] B s(X) w(f) wa (f )
1 2 3 4 5 6 X/ %
BT B 86.68 88.07 84.90 84.79 85.33 86.12 85.98 1.255 6 1.255 6 0.014 60
BNV A 103.13 113.94 115.98 108.95 106.65 109.13 109.63 4.706 2 4.706 2 0.037 18
2.2.7 KIS AWM ARHEE wa(fo) HOBEZ B U=ua(W) X2XX, I B &2 By R TN

TR (03— BB G T (AR AR EVE B H s wa (f ) =2%
2.3 AHABEE

BsT B AR B AR AN 008 B it Rk L3k 6,
AT S AN E B A OGPk U O i E B R
K HE,

waW) = [u’ (XD 4+ wu’(m) + un* V) +

Uoa? (eurve) + uw? () + ula (f) +uw? (fOI7 o (9
WiF R (DR wa (Wg)=0.087 085 u,q (Wy) =
0.104 2,
24 TRAMEERERKRT
A& CNAS-GL006: 2018¢ fk 24 43 #r oF A #ff 7€ & /9 1F
45 ) B & B Tk =295 % B A5 B I, 37 )& A o

6 BELENMRRIVEENTIREENE
Table 6 List of relative uncertainty components for
enrofloxacin and ciprofloxacin
A& . X A 1A 0 A
JE gy AT BignsE HNDAE
e (XD 038 3k 7 B ML A0 0.005 962 0.017 53
el (m) FE it R 0.005 774 0.005 774
(V) FE it 8 28 0.005 774 0.005 774
ww Ccurve)  FRAEMIZ L4 0.056 29 0.070 98
el (€) o ¥R VA VAR T T 0.060 82 0.060 60
weel (f 16 PR A 1 0.014 60 0.037 18
B
wre (o) A I ASC 5 15 1 0.02 0.02

RN LR, R 7.

KT EFHEEVLENMTADLELSAHEERELER
Table 7 Uncertainty evaluation for enrofloxacin and cip-

rofloxacin in bean sprouts

e SOMME X/ AR PR R/ R g iR/
Ry

(pg+ kg™ RHfEE (pgeke™)  (pgekg™ D
Bt B 8.598 0.087 08 1.497 8.6+1.5
KRR 10.963 0.104 2 2.284 11.042.3
3 i

B LA S 28 R F 5 X 4L SR T 0106 R Ak 2 I 2 1L
prime HLB [ A 2 B/ A ¥ Ak, 0 P 5 200080 A € 3% —
FR IR D v ) L R b BN IR T U0 R AR B R AT
MRE . AR R B, X 528 p v v R MR N U R 5k
BT AN G B A% S R EAT VR E L TR E 4 R R T I E 4
R AT R R e T SRR T b v ol 0 4L R o
O T e R R SRR 9 2 T R [ o 5, R Al TR 2K )
MR/ PG R I A R o B R A N B i i 1
AT UCEA B o 8 5 1) 0 R K 4 4 A 0 A 9 1
RE o T LA A8 119 RAEORE FIORS % B2 5 S04 3088 39 1) A%
A AL HERS R 90 PR A 51 AR A B0 E . R T
WD ANFR DY Vb A A bR I U RS () A 2 PR E AR T 4
R AT A L DT R 8 2 SR A A R AL LR PR R
sty I AT 25 1 FORK J3E 5 e A WL KSR B PR R
RV FREE S AR TR S B A2 E L AT 4 R a6 5 R Y
R
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